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ABSTRACT 

 

Chronic obstructive pulmonary disease (COPD) is an illness characterized by progressive 

respiratory symptoms and frequent exacerbations.  Acute exacerbations of COPD (AECOPD) are 

mostly treated in the outpatient setting and the use of antibiotics for this patient population 

remains controversial.   

This thesis aimed to explore the role of antibiotics in the outpatient management of 

AECOPD through two studies.  The first study was a systematic review of randomized 

controlled trials examining the impact of antibiotics on the outcome of treatment failure in 

outpatients with AECOPD.  Meta-analysis was conducted using both frequentist random effects 

and Bayesian analyses.  The second study was a secondary analysis of a prospective cohort of 

patients with AECOPD discharged from the emergency department.  The association between 

antibiotic treatment and the outcome of rehospitalization within 14 days of discharge was 

examined using logistic regression and propensity score matched analyses.   

In the systematic review and meta-analysis, both frequentist random effects and Bayesian 

analyses revealed a high likelihood of benefit for antibiotics.  In the secondary analysis, there 

was no association between treatment with antibiotics and rehospitalization however due to a 

small sample size and a low event rate, there was considerable risk of Type II error.  Overall, 

when considering the results of these two studies in the context of previous literature, treatment 

with antibiotics likely provides a modest benefit in the outpatient management of AECOPD. 
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CHAPTER ONE: INTRODUCTION 

 

 

1.1 Introduction 

 Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory 

symptoms and airflow limitation.  This disorder is caused by abnormalities of the airway and 

alveoli resulting from exposure to noxious particles or gases or abnormal lung development.  The 

natural course of this disease is chronic and progressive, often punctuated by episodes of 

increasing respiratory symptoms known as exacerbations (1). 

Acute exacerbations of COPD (AECOPD) are defined as worsening respiratory 

symptoms requiring additional therapy (1).  The most common respiratory symptoms of 

AECOPD include dyspnea, cough, and sputum production.  Exacerbations of COPD are 

heterogenous in etiology and presentation and can be precipitated by disease progression, viral or 

bacterial infections, and environmental pollutants (2).  Management of AECOPD comprises of 

respiratory support such as supplemental oxygen and positive pressure ventilation as well as 

pharmacologic therapies including bronchodilators, oral corticosteroids, and antibiotics.  COPD 

is the third leading cause of death worldwide and effective management of exacerbations is 

crucial to limiting the progression and burden of disease (1).  

 

1.2 Rationale for Thesis 

COPD is an important public health challenge that is both preventable and treatable.  

Acute exacerbations of COPD serve as key markers of disease progression and, consequently, 

effective treatment and prevention of AECOPD represent important targets for intervention in 

preventing the morbidity and mortality of COPD. 
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The majority of patients with AECOPD are managed in the outpatient setting (1).  While 

treatments such as bronchodilators and oral corticosteroids are well established in demonstrating 

benefit, the use of antibiotics in this patient population remains controversial.  Antibiotic overuse 

may result in harmful medication side effects, drug-drug interactions, polypharmacy, increased 

costs, and promote resistant organisms (3).  Therefore, it is imperative to determine the role of 

antibiotics in the management of AECOPD in the outpatient setting. 

 

1.3 Objective of Thesis 

The objective of this thesis is to examine the impact of antibiotics on patient outcomes in 

the management of AECOPD in the outpatient setting. 

 

1.4 Overview of Thesis 

 

Chapter One: Introduction 

This chapter serves as a brief introduction to the thesis topic and provides an overview of 

its rationale, objective, and contents. 

 

Chapter Two: Background 

This chapter provides a background literature review of the current understanding of 

COPD as well as clinical context for the thesis. 
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Chapter Three: Antibiotics for acute exacerbations of chronic obstructive pulmonary disease 

managed in the outpatient setting: A systematic review and meta-analysis 

 

This chapter presents a systematic review and meta-analysis of randomized controlled 

trials that examine the impact of antibiotics on the outcome of treatment failure for outpatients 

with AECOPD. 

 

 

Chapter Four: Association between antibiotics and rehospitalization in patients with acute 

exacerbations of chronic obstructive pulmonary disease discharged from the emergency 

department 

 

This chapter presents a secondary analysis of data from a prospective cohort of patients 

with AECOPD discharged from the emergency department.  The analysis examines the impact of 

antibiotic treatment on the outcome of rehospitalization in this patient cohort. 

 

Chapter Five: Discussion 

This chapter summarizes the studies presented in this thesis and interprets the results in 

the context of existing literature.  Strengths and limitations of the studies as well as clinical and 

research implications are also discussed. 
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CHAPTER TWO: BACKGROUND 

 

2.1 Introduction and Definitions 

 Chronic obstructive pulmonary disease (COPD) is a disorder characterized by 

progressive, incompletely reversible airflow obstruction resulting in persistent respiratory 

symptoms (1).  The most common symptoms that characterize this illness are dyspnea, cough, 

and sputum production (2).  These symptoms are chronic and progressive and a result of lung 

parenchymal destruction and abnormalities in the small airways (1).  There are various 

contributing factors that can lead to these changes such as noxious environmental particles and 

gases—with the most prominent cause being tobacco smoke—as well as infections and abnormal 

lung development (1,3). 

 The terms “emphysema” and “chronic bronchitis” have often been associated with 

COPD.  These terms, however, can be misleading and are not included in the Global Initiative 

for Chronic Obstructive Lung Disease (GOLD) definition of COPD (1).  Emphysema is a term 

used to describe the pathologic destruction of alveoli and only describes one of many 

abnormalities in patients with COPD.  Chronic bronchitis refers to clinical symptoms and is 

usually defined as the presence of cough and sputum production for at least three months in each 

of the last two consecutive years, which may not necessarily be associated with airflow 

limitations.  Thus, the label of chronic bronchitis does not accurately capture all patients who 

have the airflow limitations and structural changes that are consistent with COPD (1). 

 

2.2 Epidemiology 

 COPD is a common condition with a high global burden of disease.  It is estimated that 

COPD affects over 300 million people globally.  From 1990 to 2017, the prevalence of COPD 
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has increased by almost 40% (4).  As of 2017, COPD has become the third leading cause of 

death worldwide (5).  In 2019, COPD resulted in approximately 3.3 million deaths globally (4). 

Estimates of COPD prevalence and mortality, however, vary widely between studies and 

are limited by study methodology.  Studies that estimate prevalence using patient self-reported 

diagnosis are consistently prone to underestimation (2,6).  Moreover, underdiagnosis and 

inaccuracy of diagnostic codes in administrative health databases may result in further 

underestimation of COPD prevalence and mortality (7,8).  Finally, the diagnosis of COPD 

currently depends on spirometry to determine the degree and reversibility of airflow limitation.  

Spirometry, however, is not widely available in many low- and middle- income countries and 

thus reliable data regarding the true prevalence and burden of disease is lacking (5).   

Comparing 2017 to 2007, deaths from COPD increased by 17.5% (5).  The prevalence of 

COPD is expected to continue to rise over the next 40 years and by 2060, there may be over 5.4 

million deaths annually from COPD (1).  This prediction is related to the increasing prevalence 

of cigarette smoking in developing countries as well as the aging population of high-income 

countries.  Advances in many other chronic diseases have prolonged survival and life expectancy 

resulting in much larger elderly populations in many countries (1). 

While rates of tobacco smoking are directly related to the prevalence of COPD, in many 

countries, outdoor, indoor, and occupational air pollution are major contributing risk factors (1).  

Previous studies have shown that 20 to 30% of patients with COPD have never smoked.  Instead, 

major contributing factors are air pollution such as smoke from biomass fuel, asthma, infections 

such as human immunodeficiency virus (HIV) and tuberculosis, and impaired lung growth (9).  

While the prevalence and mortality of COPD varies across countries and groups within 
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countries, the burden of disease disproportionally affects low- and middle- income countries, 

where the majority of deaths due to COPD occur (5). 

 

2.3 Pathophysiology 

The unifying mechanism by which COPD develops is chronic inflammation causing 

changes to the airways, lung parenchyma, and pulmonary vasculature (10).  While lung 

inflammation can be a normal process in response to noxious substances, there is an abnormal 

inflammatory response that results in the development of COPD.  Mediators of inflammation 

leading to COPD include oxidative stress, pro-inflammatory cells and cytokines, and protease-

antiprotease imbalance (11). 

The degree of inflammation and, consequently, the risk of disease development and 

progression varies from person to person.  A number of factors have been shown to affect the 

prognosis of COPD, including age, sex, comorbidities, genetics, infections, lung growth, 

socioeconomic status, and continued exposure to noxious particles and gases (1). 

Numerous causes of chronic inflammation in COPD have been described.  The most 

common cause is tobacco smoke from cigarettes.  Traditionally COPD has been viewed as a 

“self-inflicted” disease caused by cigarette smoking.  But this notion has now been expanded to 

acknowledge that COPD is a complex disease that is affected by many risk factors throughout 

life.  At least one in five cases of COPD globally occurs in patients who have never smoked (9).  

Indoor and outdoor air pollution, occupational exposures, and infections are other well-

documented causes of chronic inflammation that leads to COPD (12). 

Chronic inflammation leads to many structural changes within the lungs.  Inflammation 

and narrowing of small airways lead to decreased airflow and gas trapping during exhalation 
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(13).  Gas trapping is commonly referred to as hyperinflation, which can be static (constant over 

time) or dynamic (progressively increasing over time).  Hyperinflation in the lungs leads to 

decreased inspiratory capacity and causes dyspnea and decreased exercise tolerance (14).  

Clinically, the degree of airway limitation is commonly described using spirometry by measuring 

the forced expiratory volume in one second (FEV1). 

Destruction of lung parenchyma, or emphysema, also leads to decreased airflow as well 

as impaired gas exchange.  Abnormal gas exchange of carbon dioxide and oxygen leads to 

ventilation-perfusion mismatch, resulting in hypoxemia.  Increased dead space ventilation and 

reduced ventilatory drive also causes retention of carbon dioxide and leads to hypercapnia (15).  

Chronic hypoxemia leads to vasoconstriction of pulmonary arteries, which can cause pulmonary 

hypertension and right-sided heart failure (16). 

Mucus hypersecretion is another characteristic feature of COPD but may not be seen in 

all patients.  When present, mucus hypersecretion is mediated by activation of epidermal growth 

factor receptor causing an increased number of goblet cells and enlarged submucosal glands (17).  

Clinically, this results in a chronic productive cough, sometimes termed chronic bronchitis, 

which may or may not be associated with airflow limitation (1).   

 

2.4 Risk Factors 

There are several well-known risk factors for the development of COPD.  From an 

epidemiologic perspective, the diagnosis of COPD is more prevalent in men compared to 

women, in people who smoke compared to people who do not, and in older patients (over 40 

years of age) compared to younger patients (under 40 years of age) (18–20).  
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2.4.1 Tobacco smoking 

Tobacco smoking is the most well-documented risk factor for the development of COPD.  

People who smoke cigarettes have a higher prevalence of respiratory symptoms, greater annual 

decline in FEV1, and higher mortality from COPD compared to people who do not smoke (21).  

In addition to cigarettes, smoking tobacco using cigars and pipes are also associated with COPD 

(22).  Marijuana smoking has also been associated with COPD (23). 

Approximately half of COPD cases worldwide are due to non-tobacco-related risk factors 

(9).  While smoking significantly contributes to COPD prevalence in high-income countries, 

smoking is less of a contributor in countries with lower socioeconomic index where non-tobacco 

exposures are higher.  In general, non-tobacco-related risk factors for COPD become more 

prominent as wealth decreases (9). 

 

2.4.2 Occupational exposures 

Occupational exposures such as dust, chemicals, and fumes have been shown to be risk 

factors for COPD (1).  Occupations such as sculptors, gardeners, and warehouse workers have 

been shown to be associated with an increased risk of COPD among people who have never 

smoked (9).  Based on a large population-based study in the US, the proportion of COPD 

attributable to occupational exposures was approximately 30% among people who have never 

smoked and 20% overall (24).  

 

2.4.3 Indoor air pollution 

Indoor air pollution such as biomass fuel used for cooking and heating in enclosed spaces 

is an important risk factor for COPD.  In women who cook at home using biomass fuel, it is 
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estimated that 2 hours of exposure per day for 13 years is equivalent to 10 pack-years of cigarette 

smoking (9).  In many tropical countries, another potential source of indoor air pollution is from 

mosquito coils made from coconut husk and pyrethrum.  They are burned indoors in the night to 

kill mosquitos but produce significant concentrations of particulate matter.  People exposed to 

mosquito coils have a higher prevalence of dyspnea, cough, and wheeze (9).   

 

2.4.4 Outdoor air pollution 

Outdoor air pollution as measured by levels of particulate matter and nitrogen dioxide 

(NO2) has been shown to be associated with COPD in multiple countries (9).  Short-term 

exposure to ambient particulate matter is associated with increased COPD hospitalizations and 

mortality (25).  However, the impact of outdoor air pollution is relatively small when compared 

to cigarette smoking and the association may be mediated by the effects of outdoor air pollution 

on lung maturation and development in childhood.  Indeed, impaired lung growth in early life 

has also been shown to be a prominent risk factor for COPD (1). 

 

2.4.5 Asthma 

In high-income countries, asthma appears to be the most common risk factor for COPD 

in people who have never smoked (9).  Chronic airway inflammation and airway remodelling are 

believed to be the underlying mechanisms of how asthma could precipitate COPD.  Among 

people with COPD, almost 25% have a history of asthma.  Additionally, asthma also increases 

the probability that a person who smokes will develop COPD (9).  A subset of patients will have 

asthma-COPD overlap, which is a heterogenous condition that contains features of both asthma 

and COPD such as airflow limitation and hyperinflation.  While there is a lack of consensus 
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regarding the definition and a corresponding lack of understanding of the prevalence, asthma-

COPD overlap appears to be a different entity when compared to COPD in people who have 

never smoked (26). 

 

2.4.6 Infections 

Infections such as pulmonary tuberculosis and HIV have been shown to be associated 

with COPD (9).  Pulmonary tuberculosis infection likely causes endobronchial and lung tissue 

destruction, resulting in emphysema and small airway obstruction.  The link between HIV and 

COPD is believed to be mediated by immune and inflammatory mechanisms.  Not only is COPD 

more common in HIV-positive patients when compared to HIV-negative patients, lower CD4 

cell counts have also been associated with higher COPD prevalence in patients with HIV (9). 

 

2.4.7 Socioeconomic status 

As with many chronic illnesses, the role of socioeconomic status is of major importance 

in the development and progression of COPD.  Poverty is consistently associated with airflow 

obstruction at individual and community levels (27).  It is likely that lower socioeconomic status 

increases the risk of COPD through increased occupational exposures, malnutrition, living 

conditions that are prone to exposure to indoor air pollution, reduced access to health care and 

screening, and lower health literacy regarding the risks to lung health (9). 

 

2.5 Diagnosis 

 The diagnosis of COPD should be made on the basis of symptoms, risk factors, and 

spirometry that demonstrates persistent airflow obstruction (12).  COPD should be considered in 
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any patient with the symptoms of dyspnea, chronic cough, or sputum production, especially if 

there is a history of any COPD risk factors such as cigarette smoking.  A detailed history and 

physical examination should be performed as part of the initial assessment, followed by 

appropriate investigations and spirometry. 

 

2.5.1 Clinical history 

Dyspnea is a hallmark symptom of COPD and can cause significant disability and 

anxiety (28).  Chronic cough in COPD may be productive or non-productive and airflow 

limitation may be present without cough (29).  Sputum production can be difficult to evaluate as 

it can be intermittent and patients may not always expectorate the sputum (30).  Other symptoms 

that can be associated with COPD include wheezing, chest tightness, fatigue, anorexia, and 

weight loss. 

On past medical history, conditions such as asthma, allergy, sinusitis, nasal polyps, 

childhood respiratory infections, HIV, and tuberculosis would be important potential risk factors 

for the development of COPD.  Comorbidities such as heart disease, osteoporosis, malignancies, 

and anxiety and depression are important as they may contribute to restrictions in daily activities 

and overall disability (1). 

The pattern of symptom development is important to elicit on medical history.  It may 

reveal episodes of intermittent worsening of symptoms consistent with exacerbations, even if 

these episodes were not identified as COPD exacerbations.  The impact of symptoms on the 

patient’s life is another crucial aspect of the medical history.  COPD can result in significant 

limitations in activity, missed work, and feeling of anxiety and depression.  Furthermore, social 
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and family support as well as potential opportunities to discuss risk factor mitigation such as 

smoking cessation should also be explored on history (1). 

2.5.2 Physical examination 

On physical examination, vital signs may reveal tachypnea (increased respiratory rate) or 

hypoxia (low oxygen saturation).  Evidence of hyperinflation such as increased anteroposterior 

chest diameter and increased resonance to percussion may be evident in severe disease.  In the 

setting of an exacerbation, patients may have decreased air entry and wheezing on auscultation 

as well as signs of respiratory distress such as use of accessory muscles, tripod positioning, and 

cyanosis.  While physical signs may provide helpful clinical information, physical examination 

has relatively low sensitivity and specificity with respect to diagnosing COPD and the absence of 

these signs does not rule out the diagnosis (1). 

 

2.5.3 Investigations 

While chest radiography is not, on its own, useful for diagnosing COPD, it may be 

helpful in assessing for other alternative diagnoses such as congestive heart failure.  Chest x-ray 

may also reveal concomitant respiratory disease such as pneumonia, pulmonary fibrosis, or 

bronchiectasis.  Signs of COPD on chest x-ray may include flattening of the diaphragm, 

hyperlucency of lungs, and rapid tapering of vascular markings (1).      

Spirometry remains the cornerstone of diagnosing COPD.  It is a non-invasive, 

reproducible, and objective measurement of airflow limitation.  Spirometry is indicated for any 

patient with symptoms or risk factors of COPD and likely not necessary for asymptomatic 

individuals (1).  The most important measurements for the diagnosis of COPD are forced vital 

capacity (FVC) and the FEV1.  Persistent airflow limitation is defined as a post-bronchodilator 
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FEV1/FVC ratio of less than 0.70.  Given that the FEV1/FVC ratio declines with age, the fixed 

value of 0.70 may result in more frequent COPD diagnoses in the elderly.  As a result, an 

alternative threshold of using the fifth percentile lower limit of normal of the FEV1/FVC ratio 

has been proposed (31).  Controversy exists regarding which threshold to use but the lower limit 

of normal has not been shown to be better than the fixed value in terms of discriminative 

accuracy and prognosis (32).  Considering the simplicity and consistency of the fixed value and 

the lack of evidence to demonstrate superiority of the lower limit of normal, the fixed value of 

0.70 is recommended by GOLD (1).  

 

2.5.4 Classification of disease severity 

The severity of airflow limitation is classified using FEV1 (Table 1).  However, this 

measurement is only weakly correlated with symptom severity.  To classify symptom severity, 

the most widely used tool is the Modified British Medical Research Council Questionnaire, 

which has been found to correlate well with health status and mortality risk (Table 2).  Another 

important aspect of COPD assessment is history of exacerbations, which predicts the risk of 

future exacerbations.  Therefore, the “ABCD” classification system was created by GOLD in 

2011, which combines symptom severity and exacerbation history.  The “ABCD” classification 

utilizes clinical information, independent of spirometry, to help guide therapeutic management 

for individual patients (Table 3).  It has been shown to be similar to spirometry measurements of 

airflow limitation in terms of predicting mortality and other important COPD outcomes (1). 
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Table 1: GOLD classification of airflow limitation in COPD (1) 

FEV1 Airflow limitation GOLD classification 

≥ 80% predicted Mild 1 

≥ 50% and < 80% predicted Moderate 2 

≥ 30% and < 50% predicted Severe 3 

< 30% predicted Very severe 4 

GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, chronic obstructive pulmonary disease; 

FEV1, forced expiratory volume in one second 

 

 

 

Table 2: Modified Medical Research Council Dyspnea Scale (1) 

mMRC Grade Symptoms 

0 I only get breathless with strenuous exercise. 

1 I get short of breath when hurrying on the 

level or walking up a slight hill. 

2 I walk slower than people of the same age on 

the level because of breathlessness, or I have 

to stop for breath when walking on my own 

pace on the level. 

3 I stop for breath after walking about 100 

meters or after a few minutes on the level. 

4 I am too breathless to leave the house or I am 

breathless when dressing or undressing. 

mMRC, Modified Medical Research Council 
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Table 3: GOLD “ABCD” assessment tool for COPD (1) 

  Symptoms 

  mMRC 0-1 mMRC ≥ 2 

Moderate or severe 

exacerbation history 

0 or 1 (not leading to 

hospital admission) 

A B 

≥ 2 or ≥ 1 leading to 

hospital admission 

C D 

GOLD, Global Initiative for Chronic Obstructive Lung Disease; mMRC, Modified Medical Research Council 

 

2.6 Management of Stable COPD 

2.6.1 Smoking cessation  

Smoking cessation has the greatest potential to influence the natural course of COPD.  

Among COPD patients, approximately 40-50% smoke (33).  Behavioural or pharmacologic 

therapies or a combination of both—without preference for any particular form of therapy—have 

been shown to be effective in helping people who smoke with COPD to quit smoking (34). 

 

2.6.2 Vaccinations 

Vaccinations against viral and bacterial respiratory infections have been shown to reduce 

morbidity and mortality in patients with COPD.  The influenza vaccine significantly reduces 

COPD exacerbations as well as hospitalizations and death in elderly patients (35,36).  The 

pneumococcal 13-valent polysaccharide conjugate vaccine (PCV13) has been shown to reduce 

pneumococcal community-acquired pneumonia and invasive pneumococcal disease among older 

adults (37).  Pneumococcal vaccination has also been shown to reduce the rates of COPD 

exacerbation (38).  Vaccination against coronavirus disease 2019 (COVID-19) has been shown 
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to be highly effective in reducing hospitalization and intensive care unit (ICU) admission and 

patients with COPD should receive the COVID-19 vaccination in accordance with international 

guidelines (1,39).  

 

2.6.3 Bronchodilators 

Bronchodilators are medications that affect airway smooth muscle tone and widen 

airways to increase expiratory flow.  Specifically, these medications act as agonists of beta2-

adrenergic receptors in airway smooth muscle.  Beta2-agonists can be short-acting or long-acting.  

Short-acting beta2-agonists (SABAs) typically last 4 to 6 hours while long-acting beta2-agonists 

(LABAs) have a duration of action of 12 or more hours.  In COPD, bronchodilators increase 

FEV1 and reduce dynamic hyperinflation (40,41).  For stable COPD, regular and as-needed use 

of SABAs improves FEV1 and symptoms (42). 

 Antimuscarinics are medications that act on muscarinic receptors expressed in airway 

smooth muscle to block the bronchoconstrictor effects of acetylcholine.  Antimuscarinics can be 

short-acting muscarinic antagonists (SAMAs) or long-acting muscarinic antagonists (LAMAs).  

For stable COPD, SAMAs such as ipratropium bromide used alone does not seem to be better 

than LABAs alone in terms of COPD symptoms and exercise tolerance, however the 

combination of SAMA and LABA seems to confer a modest benefit in quality of life and 

reduced requirements for SABAs (43).  Treatment with LAMAs such as tiotropium significantly 

improves quality of life and risk of exacerbation (44).  

 Combining bronchodilators with different mechanisms in thought to increase 

bronchodilation while minimizing the risk of side effects.  For patients with symptoms from 

moderate to severe airflow limitation, combination LABA/LAMA treatment has been shown to 
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be superior to inhalers with individual components in terms of quality of life, rescue medication 

use, and exacerbation risk (45).  Additionally, in symptomatic patients with low exacerbation 

risk not receiving inhaled corticosteroids, combination LABA/LAMA treatment has also been 

shown to improve lung function and symptoms when compared to long-acting bronchodilator 

monotherapy (46). 

 

2.6.4 Inhaled corticosteroids 

Inhaled corticosteroids (ICS) as monotherapy has not been shown to be effective in 

slowing the decline in FEV1 or decreasing mortality in patients with COPD (47).  In addition, 

ICS use has been associated with higher rates of oral candidiasis, hoarse voice, skin bruising, and 

pneumonia (47).  For patients with moderate to severe COPD, however, an ICS combined with a 

LABA is more effective than ICS alone with respect to improving lung function, exacerbation 

risk, and mortality (48).  There is also evidence to suggest that patients with higher blood 

eosinophil are more likely to benefit more from ICS therapy (49). 

 Triple therapy for stable COPD consists of LABA, LAMA, and ICS.  Two recent large 

randomized controlled trials compared triple therapy with LABA/LAMA and LABA/ICS 

(50,51).  Both trials enrolled symptomatic patients with a history of frequent exacerbations.  In 

the ETHOS trial, triple therapy was shown to result in significantly lower rates of moderate or 

severe exacerbations when compared to LABA/LAMA or LABA/ICS (50).  In the IMPACT 

trial, triple therapy resulted reduced risk of all-cause mortality compared to LABA/LAMA, but 

there was no difference when compared to LABA/ICS (51). 
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2.6.5 Prophylactic antibiotics 

Macrolide antibiotics such as azithromycin and erythromycin have been shown to reduce 

the risk of exacerbation when compared to usual care (52–54).  However, prolonged macrolide 

use may be associated with bacterial resistance, prolonged QT interval (increasing the risk of 

life-threatening arrhythmias), and hearing impairment (54).  Pulsed moxifloxacin has also been 

shown to reduce the risk of exacerbation compared to placebo in patients with stable COPD, with 

the moxifloxacin group experiencing more drug-related adverse events, mostly in the form of 

gastrointestinal symptoms (55).   

  

2.6.6 Pulmonary rehabilitation 

Pulmonary rehabilitation is an important non-pharmacologic aspect of the management of 

stable COPD.  It is defined as “a comprehensive intervention based on thorough patient 

assessment followed by patient-tailored therapies that include, but are not limited to, exercise 

training, education, self-management intervention aiming at behavior change, designed to 

improve the physical and psychological condition of people with chronic respiratory disease and 

to promote the long-term adherence to health-enhancing behaviors” (56).  The optimum duration 

of pulmonary rehabilitation programs is about six to eight weeks and they should be delivered by 

a multidisciplinary team.  Pulmonary rehabilitation has been shown to improve dyspnea, quality 

of life, and exercise capacity (57). 
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2.6.7 Oxygen therapy 

Domiciliary oxygen therapy has been shown to improve survival for COPD patients with 

severe resting hypoxemia, defined as arterial PaO2 less than 55 mmHg (58).  This benefit was not 

seen for patients with mild to moderate hypoxemia or those with only desaturation at night (58). 

 

2.6.8 Positive pressure ventilation 

For stable COPD, non-invasive positive pressure ventilation in the form of continuous 

positive airway pressure (CPAP) can improve survival and decrease hospitalization for patients 

with both COPD and obstructive sleep apnea (59). 

 

2.6.9 Interventional therapies 

Lung volume reduction surgery is a procedure where parts of the lungs are resected to 

reduce hyperinflation and improve the efficiency of respiratory muscles.  In patients with severe 

emphysema, lung volume reduction surgery improved survival when compared to medical 

treatment (60).  Endobronchial valve placement is a less invasive approach to reducing lung 

volumes and improve respiratory muscle mechanics and has been shown to have similar benefits 

with fewer complications when compared to lung volume reduction surgery (61). 

 

2.6.10 Palliative care 

Palliative care is a crucial aspect in the management of patients with COPD.  Palliative 

care expands the goals of treatment from modifying disease to alleviating symptoms and 

improving quality of life and should be integrated concurrently with COPD-directed therapies 

(62).  For many patients, COPD results in gradual decline in health status and progressively 
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increasing symptoms.  A multitude of symptoms can result from advanced COPD including 

fatigue, dyspnea, depression, anxiety, and insomnia (1).  For patients approaching end-stage 

disease, these symptoms should be addressed and consideration should be made early on for 

consultation with palliative care specialists (62). 

 

2.7 Acute Exacerbations of COPD 

The natural course of COPD is characterized by progressive decline in lung function and 

acute episodes of increasing symptoms known as exacerbations.  Acute exacerbations of COPD 

(AECOPD) are defined clinically as an acute worsening of respiratory symptoms requiring 

additional therapy (1). 

AECOPD should be diagnosed and treated early.  Many COPD exacerbations are 

underreported by patients and can have a negative impact on health status (63).  Symptoms of 

COPD exacerbation typically last 7 to 10 days.  At 8 weeks, up to 20% of patients will not have 

recovered to their pre-exacerbation state (64).  Early treatment of AECOPD is associated with 

faster recovery and higher health-related quality of life (65).  Prolonged symptomatic COPD 

exacerbation is associated with accelerated decline in lung function (66).   

The best predictor of exacerbations is a history of previous exacerbations (67,68).  

Exacerbations become more frequent as the severity of COPD increases and has also been shown 

to be associated with gastroesophageal reflux, poorer quality of life, and elevated white blood 

cell count (68).  Frequent exacerbations are associated with faster decline in lung function, lower 

quality of life, reduced exercise capacity, increased airway and systemic inflammation, and 

increased mortality (69–73). 
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2.7.1 Clinical evaluation of AECOPD 

Clinical evaluation of AECOPD should include a focused medical history, physical 

examination, and relevant investigations.  It is crucial to assess for any other potential causes of 

the patient’s presenting symptoms as many other conditions mimic those of AECOPD (Table 4).  

Inappropriately attributing the patient’s symptoms to AECOPD may lead to negative outcomes 

(74). 

 

Table 4: Differential diagnosis of AECOPD 

Asthma 

Pneumonia 

Pneumothorax 

Pleural effusion 

Pulmonary embolism 

Cardiogenic pulmonary edema (e.g. congestive heart failure) 

Non-cardiogenic pulmonary edema (e.g. acute respiratory distress syndrome) 
AECOPD, acute exacerbation of chronic obstructive pulmonary disease 

 

The main clinical symptoms of COPD exacerbation are increased dyspnea, increased 

sputum production, and increased sputum purulence.  Dyspnea is thought to be caused by airway 

narrowing and increased ventilation/perfusion (V/Q) mismatch.  Airway narrowing is a 

consequence of multiple processes including mucosal damage, inflammatory cell infiltration, 

airway edema, and increased airway secretions.  Increased sputum production is caused by 

mucous gland hypertrophy and goblet cell hyperplasia and degranulation while recruitment of 

eosinophils and neutrophils is thought to cause increased sputum purulence (75). 

The most commonly cited clinical criteria used to characterize AECOPD presentations 

are those described by Anthonisen and colleagues: Type 1 exacerbations are characterized by the 

presence of all three cardinal symptoms of increased dyspnea, increased sputum volume, and 

new or increased sputum purulence.  Type 2 exacerbations are defined as the presence of any of 
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the two cardinal symptoms.  Type 3 exacerbations are defined as the presence of only one of the 

cardinal symptoms with at least one of upper respiratory infection symptoms (sore throat, nasal 

discharge), fever, wheezing, cough, or increased heart rate or respiratory rate by 20% compared 

to baseline (76). 

COPD is complex and heterogenous condition (77).  Exacerbations can be attributed to 

disease progression, viral or bacterial infections, environmental pollutants, and ambient 

temperature changes (74).  The most common viral infection associated with COPD exacerbation 

is rhinovirus, which can be detected up to a week after exacerbation onset (75).  Eosinophilia 

predominant exacerbations have been associated with viral infection and have also been 

proposed as a separate entity compared to bacterial exacerbations (78,79).  These phenotypes 

have been noted to be indistinguishable based on clinical symptoms or Anthonisen criteria (78).  

Exacerbations associated with an increase in sputum or blood eosinophils may be more 

responsive to systemic steroids (80).  A proportion of patients may also have bacterial and viral 

coinfection (79). 

 

2.7.2 Management of AECOPD 

The goals of treatment for AECOPD should be to mitigate the negative impacts of the 

current exacerbation and to prevent the development of subsequent exacerbations.  More than 

80% of AECOPD are managed in the outpatient setting using pharmacologic treatments 

including bronchodilators, oral corticosteroids, and antibiotics (1).  

GOLD classifies AECOPD into three levels of severity corresponding to the indicated 

treatments: mild, moderate, and severe.  Mild exacerbations are typically treated with short 

acting bronchodilators only.  Moderate exacerbations are treated with short acting 
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bronchodilators with the addition of antibiotics and/or oral corticosteroids.  Severe exacerbations 

require emergency department visit or hospitalization and may also be associated with acute 

respiratory failure (1). 

  

2.7.3 Indications for hospitalization 

Indications for hospitalization or inpatient management of AECOPD include acute 

respiratory failure, severe symptoms, presence of serious comorbidities, failure of initial 

outpatient treatment, and insufficient home support (1).  Acute respiratory failure can be 

classified as hypoxemic, hypercapnic, or mixed and should be assessed based on respiratory rate, 

pulse oximetry, use of accessory muscles, presence of cyanosis or mental status changes, and 

blood gas analysis.  Signs of respiratory failure clinically or blood gas analysis may necessitate 

inpatient management of AECOPD. 

 

2.7.4 Respiratory support 

Supplemental oxygen should be used to treat hypoxemia targeting an oxygen saturation 

of 88 to 92% (81).  For patients with significantly increased work of breathing or severe 

respiratory acidosis, non-invasive positive pressure ventilation, usually in the form of bilevel 

positive airway pressure (BPAP) can be highly beneficial.  Non-invasive ventilation decreases 

work of breathing, improves oxygenation, and improves respiratory acidosis (82–84).   In 

addition, non-invasive ventilation reduces the need for endotracheal intubation, reduce length of 

hospital stay, and improve mortality (85).  Patients with AECOPD who have decreased level of 

consciousness, persistent hypoxemia or hypercapnia, require endotracheal intubation, have 

hemodynamic instability, or fail initial emergency therapy require admission to the ICU (1). 
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2.7.5 Bronchodilators  

Short-acting bronchodilators including inhaled beta2-agonists and anticholinergics should 

be initiated as the first-line pharmacologic treatment for AECOPD.  There are no differences in 

FEV1 at one hour and safety outcomes whether the bronchodilators are delivered through 

metered dose inhalers (MDIs) or nebulizers (86). 

 

2.7.6 Systemic corticosteroids 

Systemic corticosteroids have been shown to improve oxygenation, decrease the risk of 

relapse and treatment failure, and reduce the length of hospitalization (87–89).  A total of five 

days of corticosteroid treatment has been shown to be optimal duration of treatment and longer 

courses of corticosteroids may be associated with pneumonia and increased mortality (90,91).  

There is no difference in the outcome of treatment failure when comparing corticosteroids 

administered through intravenous and oral routes (92). 

 

2.7.7 Antibiotics 

The routine use of antibiotics in the management of AECOPD remains controversial (1).  

While bacterial infection can precipitate AECOPD and should be treated with antibiotics, many 

exacerbations are not caused by bacterial infection and using antibiotics in those cases may 

expose patients to the risks of antibiotics without the potential to derive any benefit. 

 

2.7.7.1 Sputum assessment 

Sputum colour and purulence is associated with positive bacterial cultures and may be 

indicative of patients with bacterial exacerbation requiring antibiotics (76,93).  However, patient 
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reports of sputum colour and purulence may be unreliable and even sputum assessed by 

laboratory analysts demonstrates about 52% specificity for positive bacterial cultures (94). 

 

2.7.7.2 Laboratory biomarkers 

Given the difficulty of clinically distinguishing patients with bacterial exacerbations, 

laboratory markers such as C-reactive protein (CRP) and procalcitonin have been studied to 

select patients who may need antibiotics.  Previous randomized controlled trials (RCTs) in both 

outpatient and inpatient settings have shown that CRP-guided lower antibiotic usage compared to 

usual care or assessment of clinical symptoms with no increase in adverse outcomes (95,96).  

Previous systematic reviews on procalcitonin have had conflicting results and were limited by 

the methodologic quality of existing studies.  While procalcitonin-guided strategies may decrease 

overall antibiotic exposure, the effect on clinical outcomes is unclear and may result in higher 

mortality for patients in the ICU (97,98).  

 

2.7.7.3 Current guidelines 

Current guidelines from GOLD suggest antibiotics for patients with all three cardinal 

symptoms of increased dyspnea, sputum volume, and sputum purulence, or two of the three if 

increased sputum purulence is one of the two symptoms (1).  Joint guidelines from the European 

Respiratory Society and American Thoracic Society suggest that while antibiotics reduce 

treatment failure and increase time to next exacerbation, in ambulatory patients the overall rate 

of treatment failure is low, even in placebo groups, so additional research is needed to identify 

which patients require antibiotic therapy (99). 
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2.7.7.4 Current evidence 

Multiple previous RCTs have compared antibiotics with placebo for patients with 

AECOPD in both inpatient and outpatient settings with conflicting results (100–105).  Previous 

systematic reviews have found that antibiotics are likely beneficial for patients who require 

admission to the ICU.  However, for patients managed in the outpatient setting, the benefit of 

antibiotics remains inconclusive (106–108). 

The choice of antibiotic in AECOPD has been examined in previous systematic reviews.  

In a systematic review from 2007, “second-line” antibiotics (amoxicillin-clavulanic acid, 

macrolides, second and third generation cephalosporins, and quinolones) were found to have 

higher treatment success than “first-line” antibiotics (amoxicillin, ampicillin, pivampicillin, 

trimethoprim-sulfamethoxazole, and doxycycline) (109).  In subsequent systematic reviews, 

there were no differences in treatment success between macrolides, quinolones, amoxicillin-

clavulanic acid, and trimethoprim-sulfamethoxazole (110,111).  In terms of antibiotic duration, 

there were no differences in treatment success when comparing five days of antibiotic therapy 

with seven or more days, with shorter durations of antibiotics associated with fewer adverse 

events (112,113). 

 

2.7.7.5 Adverse effects of antibiotics 

 Unnecessary use of antibiotics should be avoided as antibiotics are known to be 

associated with promoting resistant organisms, costs, polypharmacy, drug-drug interactions, and 

adverse effects (106).  Antibiotic resistance and alterations in the respiratory microbiome can be 

attributed to not only long-term prophylactic antibiotic therapy in COPD but also to short courses 

of antibiotics for acute exacerbations (114). 
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The use of antibiotics for AECOPD can result in many adverse effects including diarrhea, 

Clostridium difficile infection, allergic reactions, QT interval prolongation, and tendon injury 

(115).  In a previous systematic review, adverse events were reported by 10.6% of patients 

treated with antibiotics compared to 7.4% in patients treated with placebo, with diarrhea being 

the most common adverse event (107).  Diarrhea associated with antibiotic can occur in 2 to 25% 

of patients, depending on the antibiotic used (115).  When comparing antibiotic classes, there 

were no differences in adverse effects between macrolides and quinolones, while amoxicillin-

clavulanic acid was associated with more gastrointestinal effects than quinolones (111). 



29 
 

References 

1. 2022 GOLD Report: Global Strategy for the Diagnosis, Management, and Prevention of Chronic 

Obstructive Pulmonary Disease [Internet]. Global Initiative for Chronic Obstructive Lung 

Disease; 2022 [cited 2022 Nov 12]. Available from: https://goldcopd.org/2022-gold-reports-2/ 

2. Riley CM, Sciurba FC. Diagnosis and Outpatient Management of Chronic Obstructive 

Pulmonary Disease: A Review. JAMA. 2019 Feb 26;321(8):786.  

3. Fazleen A, Wilkinson T. Early COPD: current evidence for diagnosis and management. Ther 

Adv Respir Dis. 2020 Jan;14:175346662094212.  

4. Stolz D, Mkorombindo T, Schumann DM, Agusti A, Ash SY, Bafadhel M, et al. Towards the 

elimination of chronic obstructive pulmonary disease: a Lancet Commission. The Lancet. 2022 

Sep;400(10356):921–72.  

5. Halpin DMG, Celli BR, Criner GJ, Frith P, López Varela MV, Salvi S, et al. The GOLD Summit 

on chronic obstructive pulmonary disease in low- and middle-income countries. Int J Tuberc 

Lung Dis. 2019 Nov 1;23(11):1131–41.  

6. Quach A, Giovannelli J, Chérot-Kornobis N, Ciuchete A, Clément G, Matran R, et al. Prevalence 

and underdiagnosis of airway obstruction among middle-aged adults in northern France: The 

ELISABET study 2011–2013. Respir Med. 2015 Dec;109(12):1553–61.  

7. Jensen HH, Godtfredsen N, Lange P, Vestbo J. Potential misclassification of causes of death 

from COPD. Eur Respir J. 2006 Oct 1;28(4):781–5.  

8. Stein BD, Bautista A, Schumock GT, Lee TA, Charbeneau JT, Lauderdale DS, et al. The 

Validity of International Classification of Diseases, Ninth Revision, Clinical Modification 

Diagnosis Codes for Identifying Patients Hospitalized for COPD Exacerbations. Chest. 2012 

Jan;141(1):87–93.  

9. Yang IA, Jenkins CR, Salvi SS. Chronic obstructive pulmonary disease in never-smokers: risk 

factors, pathogenesis, and implications for prevention and treatment. Lancet Respir Med. 2022 

May;10(5):497–511.  

10. Hogg JC, Timens W. The Pathology of Chronic Obstructive Pulmonary Disease. Annu Rev 

Pathol Mech Dis. 2009 Feb 1;4(1):435–59.  

11. Barnes PJ. Inflammatory mechanisms in patients with chronic obstructive pulmonary disease. J 

Allergy Clin Immunol. 2016 Jul;138(1):16–27.  

12. Christenson SA, Smith BM, Bafadhel M, Putcha N. Chronic obstructive pulmonary disease. The 

Lancet. 2022 Jun;399(10342):2227–42.  

13. Hogg JC, Chu F, Utokaparch S, Woods R, Elliot W, Buzatu L, et al. The Nature of Small-

Airway Obstruction in Chronic Obstructive Pulmonary Disease. N Engl J Med. 

2004;350(26):2645–53.  



30 
 

14. Ofir D, Laveneziana P, Webb KA, Lam YM, O’Donnell DE. Mechanisms of Dyspnea during 

Cycle Exercise in Symptomatic Patients with GOLD Stage I Chronic Obstructive Pulmonary 

Disease. Am J Respir Crit Care Med. 2008 Mar 15;177(6):622–9.  

15. Elbehairy AF, Ciavaglia CE, Webb KA, Guenette JA, Jensen D, Mourad SM, et al. Pulmonary 

Gas Exchange Abnormalities in Mild Chronic Obstructive Pulmonary Disease. Implications for 

Dyspnea and Exercise Intolerance. Am J Respir Crit Care Med. 2015 Jun 15;191(12):1384–94.  

16. Peinado VI, Pizarro S, Barberà JA. Pulmonary Vascular Involvement in COPD. Chest. 2008 

Oct;134(4):808–14.  

17. Burgel PR, Nadel JA. Epidermal growth factor receptor-mediated innate immune responses and 

their roles in airway diseases. Eur Respir J. 2008 May 14;32(4):1068–81.  

18. Adeloye D, Chua S, Lee C, Basquill C, Papana A, Theodoratou E, et al. Global and regional 

estimates of COPD prevalence: Systematic review and meta–analysis. J Glob Health. 2015 

Dec;5(2):020415.  

19. Ntritsos G, Franek J, Belbasis L, Christou MA, Markozannes G, Altman P, et al. Gender-specific 

estimates of COPD prevalence: a systematic review and meta-analysis. Int J Chron Obstruct 

Pulmon Dis. 2018 May;Volume 13:1507–14.  

20. Varmaghani M, Dehghani M, Heidari E, Sharifi F, Saeedi Moghaddam S, Farzadfar F. Global 

prevalence of chronic obstructive pulmonary disease: systematic review and meta-analysis. East 

Mediterr Health J. 2019 Jan 1;25(1):47–57.  

21. Kohansal R, Martinez-Camblor P, Agustí A, Buist AS, Mannino DM, Soriano JB. The Natural 

History of Chronic Airflow Obstruction Revisited: An Analysis of the Framingham Offspring 

Cohort. Am J Respir Crit Care Med. 2009 Jul 1;180(1):3–10.  

22. Raad D, Gaddam S, Schunemann HJ, Irani J, Abou Jaoude P, Honeine R, et al. Effects of Water-

Pipe Smoking on Lung Function. Chest. 2011 Apr;139(4):764–74.  

23. Tan WC, Lo C, Jong A, Xing L, FitzGerald MJ, Vollmer WM, et al. Marijuana and chronic 

obstructive lung disease: a population-based study. Can Med Assoc J. 2009 Apr 14;180(8):814–

20.  

24. Hnizdo E, Sullivan P, Bang K, Wagner G. Association between Chronic Obstructive Pulmonary 

Disease and Employment by Industry and Occupation in the US Population: A Study of Data 

from the Third National Health and Nutrition Examination Survey. Am J Epidemiol. 2002 Oct 

15;156(8):738–46.  

25. Li MH, Fan LC, Mao B, Yang JW, Choi AMK, Cao WJ, et al. Short-term Exposure to Ambient 

Fine Particulate Matter Increases Hospitalizations and Mortality in COPD. Chest. 2016 

Feb;149(2):447–58.  

26. Leung C, Sin DD. Asthma-COPD Overlap. Chest. 2022 Feb;161(2):330–44.  



31 
 

27. Townend J, Minelli C, Mortimer K, Obaseki DO, Al Ghobain M, Cherkaski H, et al. The 

association between chronic airflow obstruction and poverty in 12 sites of the multinational 

BOLD study. Eur Respir J. 2017 Jun;49(6):1601880.  

28. Miravitlles M, Worth H, Cataluña JJS, Price D, Benedetto FD, Roche N, et al. Observational 

study to characterise 24-hour COPD symptoms and their relationship with patient-reported 

outcomes: results from the ASSESS study. 2014;13.  

29. Cho SH, Lin HC, Ghoshal AG, Bin Abdul Muttalif AR, Thanaviratananich S, Bagga S, et al. 

Respiratory disease in the Asia-Pacific region: Cough as a key symptom. Allergy Asthma Proc. 

2016 Mar 21;37(2):131–40.  

30. Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D, Wedzicha JA. The Presence of 

Chronic Mucus Hypersecretion across Adult Life in Relation to Chronic Obstructive Pulmonary 

Disease Development. Am J Respir Crit Care Med. 2016 Mar 15;193(6):662–72.  

31. Güder G, Brenner S, Angermann CE, Ertl G, Held M, Sachs AP, et al. GOLD or lower limit of 

normal definition? a comparison with expert-based diagnosis of chronic obstructive pulmonary 

disease in a prospective cohort-study. Respir Res. 2012 Dec;13(1):13.  

32. Bhatt SP, Balte PP, Schwartz JE, Cassano PA, Couper D, Jacobs DR, et al. Discriminative 

Accuracy of FEV 1 :FVC Thresholds for COPD-Related Hospitalization and Mortality. JAMA. 

2019 Jun 25;321(24):2438.  

33. Montes de Oca M. Smoking Cessation/Vaccinations. Clin Chest Med. 2020 Sep;41(3):495–512.  

34. van Eerd EA, van der Meer RM, van Schayck OC, Kotz D. Smoking cessation for people with 

chronic obstructive pulmonary disease. Cochrane Airways Group, editor. Cochrane Database 

Syst Rev [Internet]. 2016 Aug 20 [cited 2022 Nov 12];2019(3). Available from: 

http://doi.wiley.com/10.1002/14651858.CD010744.pub2 

35. Poole P, Chacko EE, Wood-Baker R, Cates CJ. Influenza vaccine for patients with chronic 

obstructive pulmonary disease. Cochrane Airways Group, editor. Cochrane Database Syst Rev 

[Internet]. 2006 Jan 25 [cited 2022 Nov 12]; Available from: 

https://doi.wiley.com/10.1002/14651858.CD002733.pub2 

36. Nichol K, Margolis K, Wuorenma J, Sternberg T. The efficacy and cost effectiveness of 

vaccination against influenza among elderly persons living in the community. N Engl J Med. 

1994 Sep 22;331(12):778–84.  

37. Bonten MJM, Huijts SM, Bolkenbaas M, Webber C, Patterson S, Gault S, et al. Polysaccharide 

Conjugate Vaccine against Pneumococcal Pneumonia in Adults. N Engl J Med. 2015 Mar 

19;372(12):1114–25.  

38. Walters JA, Tang JNQ, Poole P, Wood-Baker R. Pneumococcal vaccines for preventing 

pneumonia in chronic obstructive pulmonary disease. Cochrane Airways Group, editor. 

Cochrane Database Syst Rev [Internet]. 2017 Jan 24 [cited 2022 Nov 12];(3). Available from: 

http://doi.wiley.com/10.1002/14651858.CD001390.pub4 



32 
 

39. Thompson MG, Stenehjem E, Grannis S, Ball SW, Naleway AL, Ong TC, et al. Effectiveness of 

Covid-19 Vaccines in Ambulatory and Inpatient Care Settings. N Engl J Med. 2021 Oct 

7;385(15):1355–71.  

40. Higgins BG, Powell RM, Cooper S, Tattersfield AE. Effect of salbutamol and ipratropium 

bromide on airway calibre and bronchial reactivity in asthma and chronic bronchitis. Eur Respir 

J. 1991;4:415–20.  

41. O’Donnell DE, Sciurba F, Celli B, Mahler DA, Webb KA, Kalberg CJ, et al. Effect of 

Fluticasone Propionate/Salmeterol on Lung Hyperinflation and Exercise Endurance in COPD. 

Chest. 2006 Sep;130(3):647–56.  

42. Sestini P, Renzoni E, Robinson S, Poole P, Ram FS. Short-acting beta2-agonists for stable 

chronic obstructive pulmonary disease. Cochrane Airways Group, editor. Cochrane Database 

Syst Rev [Internet]. 2002 Jul 22 [cited 2022 Nov 12];2010(1). Available from: 

http://doi.wiley.com/10.1002/14651858.CD001495 

43. Appleton S, Jones T, Poole P, Lasserson TJ, Adams R, Smith BJ, et al. Ipratropium bromide 

versus long-acting beta-2 agonists for stable chronic obstructive pulmonary disease. Cochrane 

Airways Group, editor. Cochrane Database Syst Rev [Internet]. 2006 Jul 19 [cited 2022 Nov 12]; 

Available from: https://doi.wiley.com/10.1002/14651858.CD006101 

44. Karner C, Chong J, Poole P. Tiotropium versus placebo for chronic obstructive pulmonary 

disease. Cochrane Airways Group, editor. Cochrane Database Syst Rev [Internet]. 2014 Jul 21 

[cited 2022 Nov 12];2016(11). Available from: 

http://doi.wiley.com/10.1002/14651858.CD009285.pub3 

45. Martinez FJ, Fabbri LM, Ferguson GT, Orevillo C, Darken P, Martin UJ, et al. Baseline 

Symptom Score Impact on Benefits of Glycopyrrolate/Formoterol Metered Dose Inhaler in 

COPD. Chest. 2017 Dec;152(6):1169–78.  

46. Maltais F, Bjermer L, Kerwin EM, Jones PW, Watkins ML, Tombs L, et al. Efficacy of 

umeclidinium/vilanterol versus umeclidinium and salmeterol monotherapies in symptomatic 

patients with COPD not receiving inhaled corticosteroids: the EMAX randomised trial. Respir 

Res. 2019 Dec;20(1):238.  

47. Yang IA, Clarke MS, Sim EH, Fong KM. Inhaled corticosteroids for stable chronic obstructive 

pulmonary disease. Cochrane Airways Group, editor. Cochrane Database Syst Rev [Internet]. 

2012 Jul 11 [cited 2022 Nov 12];2016(8). Available from: 

http://doi.wiley.com/10.1002/14651858.CD002991.pub3 

48. Nannini LJ, Poole P, Milan SJ, Kesterton A. Combined corticosteroid and long-acting beta 2 -

agonist in one inhaler versus inhaled corticosteroids alone for chronic obstructive pulmonary 

disease. Cochrane Airways Group, editor. Cochrane Database Syst Rev [Internet]. 2013 Aug 30 

[cited 2022 Nov 12];2014(6). Available from: 

http://doi.wiley.com/10.1002/14651858.CD006826.pub2 



33 
 

49. Bafadhel M, Peterson S, De Blas MA, Calverley PM, Rennard SI, Richter K, et al. Predictors of 

exacerbation risk and response to budesonide in patients with chronic obstructive pulmonary 

disease: a post-hoc analysis of three randomised trials. Lancet Respir Med. 2018 Feb;6(2):117–

26.  

50. Rabe KF, Martinez FJ, Ferguson GT, Wang C, Singh D, Wedzicha JA, et al. Triple Inhaled 

Therapy at Two Glucocorticoid Doses in Moderate-to-Very-Severe COPD. N Engl J Med. 2020 

Jul 2;383(1):35–48.  

51. Lipson DA, Crim C, Criner GJ, Day NC, Dransfield MT, Halpin DMG, et al. Reduction in All-

Cause Mortality with Fluticasone Furoate/Umeclidinium/Vilanterol in Patients with Chronic 

Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 2020 Jun 15;201(12):1508–16.  

52. Uzun S, Djamin RS, Kluytmans JAJW, Mulder PGH, van’t Veer NE, Ermens AAM, et al. 

Azithromycin maintenance treatment in patients with frequent exacerbations of chronic 

obstructive pulmonary disease (COLUMBUS): a randomised, double-blind, placebo-controlled 

trial. Lancet Respir Med. 2014 May;2(5):361–8.  

53. Seemungal TAR, Wilkinson TMA, Hurst JR, Perera WR, Sapsford RJ, Wedzicha JA. Long-term 

Erythromycin Therapy Is Associated with Decreased Chronic Obstructive Pulmonary Disease 

Exacerbations. Am J Respir Crit Care Med. 2008 Dec 1;178(11):1139–47.  

54. Albert RK, Connett J, Bailey WC, Casaburi R, Cooper JAD, Criner GJ, et al. Azithromycin for 

Prevention of Exacerbations of COPD. N Engl J Med. 2011 Aug 25;365(8):689–98.  

55. Sethi S, Jones PW, Theron MS, Miravitlles M, Rubinstein E, Wedzicha JA, et al. Pulsed 

moxifloxacin for the prevention of exacerbations of chronic obstructive pulmonary disease: a 

randomized controlled trial. Respir Res. 2010 Dec;11(1):10.  

56. Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, et al. An Official American 

Thoracic Society/European Respiratory Society Statement: Key Concepts and Advances in 

Pulmonary Rehabilitation. Am J Respir Crit Care Med. 2013 Oct 15;188(8):e13–64.  

57. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary rehabilitation 

for chronic obstructive pulmonary disease. Cochrane Airways Group, editor. Cochrane Database 

Syst Rev [Internet]. 2015 Feb 24 [cited 2022 Nov 12]; Available from: 

https://doi.wiley.com/10.1002/14651858.CD003793.pub3 

58. Cranston JM, Crockett A, Moss J, Alpers JH. Domiciliary oxygen for chronic obstructive 

pulmonary disease. Cochrane Airways Group, editor. Cochrane Database Syst Rev [Internet]. 

2005 Oct 19 [cited 2022 Nov 12];2008(4). Available from: 

http://doi.wiley.com/10.1002/14651858.CD001744.pub2 

59. Marin JM, Soriano JB, Carrizo SJ, Boldova A, Celli BR. Outcomes in Patients with Chronic 

Obstructive Pulmonary Disease and Obstructive Sleep Apnea: The Overlap Syndrome. Am J 

Respir Crit Care Med. 2010 Aug 1;182(3):325–31.  



34 
 

60. Fishman A, Martinez F, Naunheim K, Piantadosi S, Wise R, Ries A, et al. A Randomized Trial 

Comparing Lung-Volume–Reduction Surgery with Medical Therapy for Severe Emphysema. N 

Engl J Med. 2003;348(21):2059–73.  

61. Criner GJ, Sue R, Wright S, Dransfield M, Rivas-Perez H, Wiese T, et al. A Multicenter 

Randomized Controlled Trial of Zephyr Endobronchial Valve Treatment in Heterogeneous 

Emphysema (LIBERATE). Am J Respir Crit Care Med. 2018 Nov 1;198(9):1151–64.  

62. Iyer AS, Sullivan DR, Lindell KO, Reinke LF. The Role of Palliative Care in COPD. Chest. 

2022 May;161(5):1250–62.  

63. Vijayasaratha K, Stockley RA. Reported and Unreported Exacerbations of COPD. Chest. 2008 

Jan;133(1):34–41.  

64. Seemungal TAR, Donaldson GC, Bhowmik A, Jeffries DJ, Wedzicha JA. Time Course and 

Recovery of Exacerbations in Patients with Chronic Obstructive Pulmonary Disease. Am J 

Respir Crit Care Med. 2000 May 1;161(5):1608–13.  

65. Wilkinson TMA, Donaldson GC, Hurst JR, Seemungal TAR, Wedzicha JA. Early Therapy 

Improves Outcomes of Exacerbations of Chronic Obstructive Pulmonary Disease. Am J Respir 

Crit Care Med. 2004 Jun 15;169(12):1298–303.  

66. Donaldson GC, Law M, Kowlessar B, Singh R, Brill SE, Allinson JP, et al. Impact of Prolonged 

Exacerbation Recovery in Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 

2015 Oct 15;192(8):943–50.  

67. Hurst JR, Han MK, Singh B, Sharma S, Kaur G, de Nigris E, et al. Prognostic risk factors for 

moderate-to-severe exacerbations in patients with chronic obstructive pulmonary disease: a 

systematic literature review. Respir Res. 2022 Aug 23;23(1):213.  

68. Hurst JR, Vestbo J, Anzueto A, Locantore N, Müllerova H, Tal-Singer R, et al. Susceptibility to 

Exacerbation in Chronic Obstructive Pulmonary Disease. N Engl J Med. 2010 Sep 

16;363(12):1128–38.  

69. Donaldson GC, Seemungal TA, Bhowmik A, Wedzicha J. Relationship between exacerbation 

frequency and lung function decline in chronic obstructive pulmonary disease. Thorax. 2002 Oct 

1;57(10):847–52.  

70. Seemungal TAR, Donaldson GC, Paul EA, Bestall JC, Jeffries DJ, Wedzicha JA. Effect of 

Exacerbation on Quality of Life in Patients with Chronic Obstructive Pulmonary Disease. Am J 

Respir Crit Care Med. 1998 May 1;157(5):1418–22.  

71. Donaldson GC, Müllerova H, Locantore N, Hurst JR, Calverley PM, Vestbo J, et al. Factors 

associated with change in exacerbation frequency in COPD. Respir Res. 2013;14(1):79.  

72. Bhowmik A, Seemungal TA, Sapsford R, Wedzicha J. Relation of sputum inflammatory markers 

to symptoms and lung function changes in COPD exacerbations. Thorax. 2000 Feb 1;55(2):114–

20.  



35 
 

73. Soler-Cataluna JJ. Severe acute exacerbations and mortality in patients with chronic obstructive 

pulmonary disease. Thorax. 2005 Nov 1;60(11):925–31.  

74. Sorge R, DeBlieux P. Acute Exacerbations of Chronic Obstructive Pulmonary Disease: A Primer 

for Emergency Physicians. J Emerg Med. 2020 Nov;59(5):643–59.  

75. White AJ, Gompertz S, Stockley R. Chronic obstructive pulmonary disease * 6: The aetiology of 

exacerbations of chronic obstructive pulmonary disease. Thorax. 2003 Jan 1;58(1):73–80.  

76. Anthonisen N, Manfreda J, Warren W, Hershfield E, Harding G, Nelson N. Antibiotic Therapy 

in Exacerbations of Chronic Obstructive Pulmonary Disease. Ann Intern Med. 1987;106:196–

204.  

77. Agusti A. The path to personalised medicine in COPD. Thorax. 2014 Sep;69(9):857–64.  

78. Bafadhel M, McKenna S, Terry S, Mistry V, Reid C, Haldar P, et al. Acute Exacerbations of 

Chronic Obstructive Pulmonary Disease: Identification of Biologic Clusters and Their 

Biomarkers. Am J Respir Crit Care Med. 2011;184:662–71.  

79. Papi A, Bellettato CM, Braccioni F, Romagnoli M, Casolari P, Caramori G, et al. Infections and 

Airway Inflammation in Chronic Obstructive Pulmonary Disease Severe Exacerbations. Am J 

Respir Crit Care Med. 2006 May 15;173(10):1114–21.  

80. Bafadhel M, McKenna S, Terry S, Mistry V, Pancholi M, Venge P, et al. Blood Eosinophils to 

Direct Corticosteroid Treatment of Exacerbations of Chronic Obstructive Pulmonary Disease: A 

Randomized Placebo-Controlled Trial. Am J Respir Crit Care Med. 2012 Jul 1;186(1):48–55.  

81. Austin MA, Wills KE, Blizzard L, Walters EH, Wood-Baker R. Effect of high flow oxygen on 

mortality in chronic obstructive pulmonary disease patients in prehospital setting: randomised 

controlled trial. BMJ. 2010 Oct 18;341(oct18 2):c5462–c5462.  

82. Bott J, Carroll MP, Conway JH, Keilty SEJ, Ward EM, Brown AM, et al. Randomised controlled 

trial of nasal ventilation in acute ventilatory failure due to chronic obstructive airways disease. 

The Lancet. 1993 Jun;341(8860):1555–7.  

83. Kramer N, Meyer TJ, Meharg J, Cece RD, Hill NS. Randomized, prospective trial of 

noninvasive positive pressure ventilation in acute respiratory failure. Am J Respir Crit Care Med. 

1995;151:1799–806.  

84. Plant P, Owen J, Elliott M. Early use of non-invasive ventilation for acute exacerbations of 

chronic obstructive pulmonary disease on general respiratory wards: a multicentre randomised 

controlled trial. The Lancet. 2000 Jun;355(9219):1931–5.  

85. Brochard L, Mancebo J, Wysocki M, Lofaso F, Conti C, Rauss A, et al. Noninvasive Ventilation 

for Acute Exacerbations of Chronic Obstructive Pulmonary Disease. N Engl J Med. 

1995;333(13):817–22.  

86. van Geffen WH, Douma WR, Slebos DJ, Kerstjens HA. Bronchodilators delivered by nebuliser 

versus pMDI with spacer or DPI for exacerbations of COPD. Cochrane Airways Group, editor. 



36 
 

Cochrane Database Syst Rev [Internet]. 2016 Aug 29 [cited 2022 Nov 12];2016(8). Available 

from: http://doi.wiley.com/10.1002/14651858.CD011826.pub2 

87. Davies L, Angus R, Calverley P. Oral corticosteroids in patients admitted to hospital with 

exacerbations of chronic obstructive pulmonary disease: a prospective randomised controlled 

trial. The Lancet. 1999 Aug;354(9177):456–60.  

88. Niewoehner DE, Erbland ML, Deupree RH, Collins D, Gross NJ, Light RW, et al. Effect of 

Systemic Glucocorticoids on Exacerbations of Chronic Obstructive Pulmonary Disease. N Engl J 

Med. 1999 Jun 24;340(25):1941–7.  

89. Aaron SD, Vandemheen KL, Hebert P, Dales R, Stiell IG, Ahuja J, et al. Outpatient Oral 

Prednisone after Emergency Treatment of Chronic Obstructive Pulmonary Disease. N Engl J 

Med. 2003 Jun 26;348(26):2618–25.  

90. Leuppi JD, Schuetz P, Bingisser R, Bodmer M, Briel M, Drescher T, et al. Short-term vs 

Conventional Glucocorticoid Therapy in Acute Exacerbations of Chronic Obstructive Pulmonary 

Disease: The REDUCE Randomized Clinical Trial. JAMA. 2013 Jun 5;309(21):2223.  

91. Sivapalan P, Ingebrigtsen TS, Rasmussen DB, Sørensen R, Rasmussen CM, Jensen CB, et al. 

COPD exacerbations: the impact of long versus short courses of oral corticosteroids on mortality 

and pneumonia: nationwide data on 67 000 patients with COPD followed for 12 months. BMJ 

Open Respir Res. 2019 Mar;6(1):e000407.  

92. de Jong Y, Uil S, Grotjohan H. Oral or IV Prednisolone in the Treatment of COPD 

exacerbations: A Randomized, Controlled, Double-blind Study. Chest. 2007;132:1741–7.  

93. Stockley RA, O’Brien C, Pye A, Hill SL. Relationship of Sputum Color to Nature and Outpatient 

Management of Acute Exacerbations of COPD. Chest. 2000 Jun;117(6):1638–45.  

94. Daniels JMA, de Graaff CS, Vlaspolder F, Snijders D, Jansen HM, Boersma WG. Sputum colour 

reported by patients is not a reliable marker of the presence of bacteria in acute exacerbations of 

chronic obstructive pulmonary disease. Clin Microbiol Infect. 2010 Jun;16(6):583–8.  

95. Prins HJ, Duijkers R, van der Valk P, Schoorl M, Daniels JMA, van der Werf TS, et al. CRP-

guided antibiotic treatment in acute exacerbations of COPD in hospital admissions. Eur Respir J. 

2019 May;53(5):1802014.  

96. Butler CC, Gillespie D, White P, Bates J, Lowe R, Thomas-Jones E, et al. C-Reactive Protein 

Testing to Guide Antibiotic Prescribing for COPD Exacerbations. N Engl J Med. 2019 Jul 

11;381(2):111–20.  

97. Mathioudakis AG, Chatzimavridou-Grigoriadou V, Corlateanu A, Vestbo J. Procalcitonin to 

guide antibiotic administration in COPD exacerbations: a meta-analysis. Eur Respir Rev. 2017 

Mar 31;26(143):160073.  

98. Chen K, Pleasants KA, Pleasants RA, Beiko T, Washburn RG, Yu Z, et al. Procalcitonin for 

Antibiotic Prescription in Chronic Obstructive Pulmonary Disease Exacerbations: Systematic 

Review, Meta-Analysis, and Clinical Perspective. Pulm Ther. 2020 Dec;6(2):201–14.  



37 
 

99. Wedzicha JA, Miravitlles M, Hurst JR, Calverley PMA, Albert RK, Anzueto A, et al. 

Management of COPD exacerbations: a European Respiratory Society/American Thoracic 

Society guideline. Eur Respir J. 2017 Mar;49(3):1600791.  

100. Daniels JMA, Snijders D, de Graaff CS, Vlaspolder F, Jansen HM, Boersma WG. Antibiotics in 

Addition to Systemic Corticosteroids for Acute Exacerbations of Chronic Obstructive Pulmonary 

Disease. Am J Respir Crit Care Med. 2010 Jan 15;181(2):150–7.  

101. Wang JX, Zhang SM, Li XH, Zhang Y, Xu ZY, Cao B. Acute exacerbations of chronic 

obstructive pulmonary disease with low serum procalcitonin values do not benefit from antibiotic 

treatment: a prospective randomized controlled trial. Int J Infect Dis. 2016 Jul;48:40–5.  

102. Alonso Martinez J, Rubio Obanos M, Samperiz Legarre A, Escolar Castellon F, Carrasco del 

Amo M. Antibiotic treatment for acute episodes of chronic obstructive pulmonary disease. Med 

Interna. 1992;9(8):377–80.  

103. van Velzen P, ter Riet G, Bresser P, Baars JJ, van den Berg BTJ, van den Berg JWK, et al. 

Doxycycline for outpatient-treated acute exacerbations of COPD: a randomised double-blind 

placebo-controlled trial. Lancet Respir Med. 2017 Jun;5(6):492–9.  

104. Llor C, Moragas A, Hernández S, Bayona C, Miravitlles M. Efficacy of Antibiotic Therapy for 

Acute Exacerbations of Mild to Moderate Chronic Obstructive Pulmonary Disease. Am J Respir 

Crit Care Med. 2012 Oct 15;186(8):716–23.  

105. Jørgensen AF, Coolidge J, Pedersen PA, Petersen KP, Waldorff S, Widding E. Amoxicillin in 

Treatment of Acute Uncomplicated Exacerbations of Chronic Bronchitis:A double-blind, 

placebo-controlled multicentre study in general practice. Scand J Prim Health Care. 1992 

Jan;10(1):7–11.  

106. Vollenweider DJ, Frei A, Steurer-Stey CA, Garcia-Aymerich J, Puhan MA. Antibiotics for 

exacerbations of chronic obstructive pulmonary disease. Cochrane Airways Group, editor. 

Cochrane Database Syst Rev [Internet]. 2018 Oct 29 [cited 2022 Oct 28]; Available from: 

http://doi.wiley.com/10.1002/14651858.CD010257.pub2 

107. Vollenweider DJ, Jarrett H, Steurer-Stey CA, Garcia-Aymerich J, Puhan MA. Antibiotics for 

exacerbations of chronic obstructive pulmonary disease. Cochrane Airways Group, editor. 

Cochrane Database Syst Rev [Internet]. 2012 Dec 12 [cited 2022 Oct 28]; Available from: 

https://doi.wiley.com/10.1002/14651858.CD010257 

108. Dobler CC, Morrow AS, Beuschel B, Farah MH, Majzoub AM, Wilson ME, et al. 

Pharmacologic Therapies in Patients With Exacerbation of Chronic Obstructive Pulmonary 

Disease: A Systematic Review With Meta-analysis. Ann Intern Med. 2020 Mar 17;172(6):413.  

109. Dimopoulos G, Siempos II, Korbila IP, Manta KG, Falagas ME. Comparison of First-Line With 

Second-Line Antibiotics for Acute Exacerbations of Chronic Bronchitis. Chest. 2007 

Aug;132(2):447–55.  



38 
 

110. Korbila IP, Manta KG, Siempos II, Dimopoulos G, Falagas ME. Penicillins vs trimethoprim-

based regimens for acute bacterial exacerbations of chronic bronchitis: Meta-analysis of 

randomized trials. Can Fam Physician. 2009;55:60–7.  

111. Siempos II, Dimopoulos G, Korbila IP, Manta K, Falagas ME. Macrolides, quinolones and 

amoxicillin/clavulanate for chronic bronchitis: a meta-analysis. Eur Respir J. 2007 Mar 

1;29(6):1127–37.  

112. Urueta-Robledo J, Ariza H, Jardim JR, Caballero A, García-Calderón A, Amábile-Cuevas CF, et 

al. Moxifloxacin versus levofloxacin against acute exacerbations of chronic bronchitis: The Latin 

American Cohort. Respir Med. 2006 Sep;100(9):1504–11.  

113. Stolbrink M, Amiry J, Blakey JD. Does antibiotic treatment duration affect the outcomes of 

exacerbations of asthma and COPD? A systematic review. Chron Respir Dis. 2018 

Aug;15(3):225–40.  

114. Pailhoriès H, Herrmann JL, Velo-Suarez L, Lamoureux C, Beauruelle C, Burgel PR, et al. 

Antibiotic resistance in chronic respiratory diseases: from susceptibility testing to the resistome. 

Eur Respir Rev. 2022 Jun 30;31(164):210259.  

115. Chronic obstructive pulmonary disease (acute exacerbation): antimicrobial prescribing [Internet]. 

National Institute for Health and Care Excellence; 2018 [cited 2022 Nov 12]. Available from: 

www.nice.org.uk/guidance/ng114 

 



39 
 

CHAPTER THREE: ANTIBIOTICS FOR ACUTE EXACERBATIONS OF CHRONIC 

OBSTRUCTIVE PULMONARY DISEASE MANAGED IN THE OUTPATIENT 

SETTING: A SYSTEMATIC REVIEW AND META-ANALYSIS 

 

ABSTRACT 

Introduction 

The role of antibiotics in the management of acute exacerbations of chronic obstructive 

pulmonary disease (AECOPD) remains controversial, particularly in the outpatient setting.  We 

aimed to examine the effect of antibiotics on treatment failure for outpatients with AECOPD. 

Methods 

We searched PUBMED, EMBASE, CINAHL, Web of Science, and the Cochrane Library 

from inception to March 16, 2022 for randomized controlled trials that compared antibiotics with 

placebo for outpatients with AECOPD and reported the primary outcome of treatment failure.  

Two reviewers independently screened citations, extracted data, and assessed quality.  For the 

primary analysis, we performed frequentist random effects meta-analysis to estimate the pooled 

treatment effect of antibiotics.  As a secondary post hoc analysis, we also performed Bayesian 

meta-analysis using weakly informative priors.  We also performed sensitivity analysis including 

only studies with low risk of bias. 

Results 

Our search identified 2,141 unique citations.  After screening by title, abstract, and full-

text, we included 6 studies, totalling 1,130 patients.  Frequentist random effects meta-analysis 

revealed a pooled risk ratio of 0.71 (95% CI 0.50 to 1.01).  Bayesian meta-analysis revealed a 

pooled risk ratio of 0.72 (95% CrI 0.50 to 1.00) with a 97.6% posterior probability of lower 

treatment failure associated with antibiotics.  Results were similar in the sensitivity analysis 

limited to only studies with low risk of bias. 
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Conclusion 

When considering the results of our study in the context of existing literature, antibiotics 

likely confer a modest benefit for outpatients with AECOPD for the outcome of treatment failure 

and should continue to be prescribed by clinicians based on current practice guidelines.  
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is characterized by progressive decline in 

lung function and acute exacerbations.1  Acute exacerbations of COPD (AECOPD) are defined 

as worsening respiratory symptoms requiring additional therapy.2  Precipitants of AECOPD 

include bacterial and viral infections, environmental irritant exposures, and disease progression.3   

Conventional management of AECOPD includes short-acting bronchodilators, inhaled 

anticholinergics, systemic corticosteroids, and antibiotics.4  Given that only a subset of 

exacerbations are caused by bacterial infections and thought to respond to antibiotic therapy, the 

role of antibiotics in the management of AECOPD remains controversial.5  

Current guidelines recommend antibiotics for patients with all three cardinal symptoms 

of increased dyspnea, sputum volume, and sputum purulence, or two of the three if increased 

sputum purulence is one of the two symptoms.2  These recommendations, however, arise from 

subgroup analyses of a single trial, and descriptions of symptoms are subjective and usually not 

measurable by clinicians.6,7  A recent systematic review and meta-analysis concluded that while 

current evidence favors the use of antibiotics for patients with AECOPD admitted to the 

Intensive Care Unit (ICU), the benefit of antibiotics remains inconclusive for outpatients with 

exacerbations of mild to moderate severity.7  

Given that over 80% of patients with AECOPD are managed as outpatients, it is 

imperative to examine if antibiotics provide any benefit in this population.2  Antibiotic overuse 

may result in harmful medication side effects, polypharmacy, increased costs, and promote 

resistant organisms.7  The primary purpose of this review was to examine the effect of antibiotics 

compared to placebo on the outcome of treatment failure for patients with AECOPD managed in 

the outpatient setting.   
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METHODS 

This systematic review is reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.8 

 

Registration of the review 

The protocol for this systematic review was registered to the International Prospective 

Register of Systematic Reviews (PROSPERO: CRD42021245969). 

 

Eligibility criteria 

We included randomized controlled trials that compare an antibiotic to placebo for adult 

patients with AECOPD managed in the outpatient setting and reported the outcome of treatment 

failure within 30 days of treatment initiation.  The definition of treatment failure included but 

was not limited to no improvement or worsening of clinical symptoms, initiation of additional 

antibiotics or medications, hospitalization, or death.  We included studies that had full text 

available with no language restriction. 

We excluded studies that were not randomized, lacked a placebo group, did not report 

treatment failure within 30 days of treatment initiation, or included inpatients.  We also excluded 

studies that examined antibiotics for the prevention of exacerbations. 

 

Data sources and search strategy 

We searched PUBMED, EMBASE, CINAHL, Web of Science, and the Cochrane Library 

from inception to March 16, 2022 using a comprehensive search strategy developed with a health 

sciences librarian and independently peer-reviewed by a second health sciences librarian 
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(Appendix).9  For grey literature, we searched clinicaltrials.gov, WHO Clinical Trials Registry, 

Google Scholar, and conference proceedings from the American Thoracic Society, the American 

College of Chest Physicians, and the European Respiratory Society from the past 3 years (2019, 

2020, 2021).   

 

Data collection 

We managed study data by directly importing titles into Covidence (Veritas Health 

Innovation, Melbourne, Australia) and then removing duplicates.  In the first phase, two 

reviewers (BZ and AT) independently screened titles and abstracts of all studies identified by our 

search.  In the second phase, two reviewers (BZ and AT) independently applied eligibility 

criteria to the selected full text studies from the first phase and reported reasons for exclusion.  

Disagreements were resolved by consensus. 

Two reviewers (BZ and AT) then independently extracted the following information 

from the included studies: author, year, journal, study setting, sample size, patient characteristics, 

definition of treatment failure, antibiotic regimen, and number of patients with treatment failure 

in treatment and placebo groups. 

 

Quality (risk of bias) assessment 

We assessed study quality using the Cochrane Risk-of-Bias Tool Version 2 (RoB2).  The 

RoB2 assesses bias in five domains that may affect the results of randomized trials: the 

randomization process, deviations from intended interventions, missing outcome data, 

measurement of the outcome, and selection of the reported result.  Two independent reviewers 

(BZ and AT) assessed each included study.  Disagreements were resolved by consensus. 
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Data synthesis 

For the dichotomous outcome of treatment failure, we reported risk ratios.  For our 

primary analysis, we performed random effects meta-analysis using the Paule-Mandel estimator 

as we anticipated that the number of included studies would be small with at least moderate 

between-study heterogeneity.  We also used Knapp-Hartung adjustments to calculate the 95% 

confidence interval around the pooled effect to reduce the chance of false positives.10  We 

assessed heterogeneity using the I2 statistic and visual inspection of the forest plots. 

Due to the small number of included studies, we also performed a secondary post hoc 

Bayesian meta-analysis.  Based on clinical experience and previous literature, we did not believe 

that antibiotics would result in a substantial benefit or harm.  Therefore, we used weakly 

informative priors N(0,1) on the log scale of the pooled risk ratios.  This prior assumes that the 

log of the pooled risk ratios has a normal distribution with a mean of 0 and standard deviation of 

1.  For the heterogeneity parameter, we used the Half-Cauchy prior with a scaling parameter of 

0.5 (a flat prior).  We then reported the pooled effect size with corresponding 95% credible 

intervals as well as the posterior probabilities that treatment with antibiotics is associated with 

lower treatment failure.  

We also performed a pre-specified sensitivity analysis that only included studies with low 

risk of bias as determined by RoB2 using both frequentist random effects meta-analysis as well 

as Bayesian meta-analysis. 

We used R Version 4.1.3 (R Foundation for Statistical Computing, Vienna, Austria) for 

all statistical analyses.  We performed meta-analysis and created forest plots using the “meta” 

package and created risk of bias plots using the “robvis” package.  We performed Bayesian 

meta-analysis using the “brms” package.11 
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Assessment of publication bias 

We assessed publication bias visually using a funnel plot.  Egger’s weighted regression 

was used to test for publication bias, where p < 0.1 was considered statistically significant. 

 

RESULTS 

Our search strategy yielded 2,234 citations.  We removed 93 duplicates (59 

automatically, 34 manually).  After abstract and title screening, we identified 13 articles for full-

text review.  Six studies, totalling 1,130 patients, were included in the final analysis (Figure 

1).6,12–16  

 

Study characteristics 

The characteristics of the included randomized controlled trials are described in Table 1.  

Two studies were conducted in the Netherlands, while the other study locations were Egypt, 

Denmark, Spain, and Canada.  All studies were conducted in outpatient clinics.  Sample sizes 

varied between 35 in the smallest study and 310 in the largest study.  There was substantial 

variation in the type and duration of antibiotics used as well as the definition of treatment failure. 

 

Quality (risk of bias) assessment 

Quality assessments using the Cochrane Risk-of-Bias Tool Version 2 are summarized in 

Figure 2.  Three studies had low risk of bias overall.12,13,16  Two studies had some concerns.6,15  

One study was determined to have a high risk of bias due to selection of the reported result.14  
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Primary random effects meta-analysis 

The primary analysis was conducted on six randomized controlled trials consisting of 565 

patients in the control group and 565 patients in the intervention group (Figure 3).  Using random 

effects meta-analysis, we found a pooled risk ratio of 0.71 (95% CI 0.50 to 1.01).  There was 

moderate heterogeneity by visual analysis of the forest plot and the I2 was 42%. 

 

Secondary Bayesian meta-analysis 

 Using a Bayesian method with weakly informative priors, we found a pooled risk ratio of 

0.72 (95% CrI 0.50 to 1.00).  The estimate of the heterogeneity parameter (τ) was 0.28 (95% CrI 

0.02 to 0.73).  Figure 4 shows the cumulative probability plot of the pooled treatment effect 

using the empirical cumulative distribution function.  There was a 97.6% posterior probability 

that antibiotics were associated with lower treatment failure (RR < 1.00).  There was a 75.7% 

and 42.9 % posterior probability of moderate (RR < 0.80) and large (RR < 0.70) benefit in favor 

of antibiotics, respectively.   

 

Sensitivity analysis of only studies with low risk of bias  

Three studies with some concerns or high risk of bias as determined by RoB2 were 

excluded for the sensitivity analysis.6,14,15  When analysing only the studies with low risk of bias, 

random effects meta-analysis resulted in a pooled risk ratio of 0.63 (95% CI 0.35 to 1.14) (Figure 

5).  Bayesian meta-analysis using weakly informative priors resulted in a pooled risk ratio of 

0.64 (95% CrI 0.36 to 1.15). 
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Assessment of publication bias 

There was no evidence of asymmetry on visual inspection of the funnel plot (Figure 6) or 

small-study effects by Egger’s test (p = 0.244). 

 

DISCUSSION 

Interpretation 

In this systematic review and meta-analysis, we examined RCTs comparing antibiotics to 

placebo for patients with AECOPD managed in the outpatient setting and assessed the outcome 

of treatment failure.  We found that the definitions of treatment failure and antibiotic regimens 

used varied greatly between studies.  The results from the primary frequentist analysis were 

imprecise and compatible with a large (up to 50%) reduction in the risk of treatment failure or a 

small (up to 1%) increase in risk.  These results are consistent with our secondary Bayesian 

analysis, which demonstrated a posterior probability of 97.6% of treatment benefit with 

antibiotics.  We also did not detect any important differences in the pooled risk ratios in the 

sensitivity analysis limited to only studies with low risk of bias.  Overall, there were a small 

number of studies available for analysis, which resulted in wide confidence intervals in the 

estimation of the treatment effect and indicates substantial uncertainty. 

 

Previous literature 

Previous systematic reviews examining antibiotics for AECOPD have demonstrated 

similar results.  A recent systematic review that examined all pharmacologic interventions for 

AECOPD found an overall benefit for antibiotics, though differentiation was not made between 

inpatients and outpatients.17  Two previous Cochrane systematic reviews have both demonstrated 



48 
 

a modest benefit for antibiotics on treatment failure in outpatients with AECOPD.7,18  Both 

reviews found point estimates of the treatment effect similar to those in our study.  The 

confidence intervals around the pooled effects in these reviews were narrower than in our review 

but this is likely attributable to differences in the statistical methodology of the meta-analysis.  

We utilized the Paule-Mandel estimator instead of the traditional DerSimonian-Laird estimator 

used in previous reviews to minimize the risk of bias, especially since the number of included 

studies was small.19,20  We also applied Knapp-Hartung adjustments to reduce the risk of a false 

positive result due to the small number of included studies, which may have resulted in wider 

confidence intervals.21,22  Despite minor methodologic differences in previous reviews, the 

findings together likely indicate a small signal for benefit in favor of antibiotics in the outpatient 

treatment of AECOPD. 

 

Limitations 

We acknowledge important limitations of this study.  Despite the best efforts of our 

health science librarians, we were unable to obtain the full text for two possibly relevant citations 

(Supplementary Table 1).  Both of these studies, however, are from over 30 years ago so their 

clinical relevance has likely diminished over that time.  These citations were also not included in 

other recent systematic reviews on this topic.7,17,18  

Another limitation is that we only examined the outcome of treatment failure in our 

review.  We did not evaluate outcomes such as hospitalization, ICU admission, or death and only 

one study included these outcomes in their composite definition of treatment failure.12  These 

outcomes, however, are rare for patients with AECOPD who are managed as outpatients.23 
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Consequently, these outcomes are difficult to study and due to lack of power in RCTs and are 

often not reported.7  

Perhaps the most significant limitation of this study was that there were only a small 

number of RCTs available for analysis and these RCTs had considerable heterogeneity with 

respect to the definitions of treatment failure, antibiotic regimens used, and cotreatment with 

corticosteroids.  Unfortunately, this is an inherent limitation of the available RCTs on this 

clinical question.  Due to the small number of included studies, the confidence intervals in our 

random effects meta-analysis were wide, indicating uncertainty but a likely benefit for 

antibiotics.  We were able to supplement the results of the frequentist analysis with a Bayesian 

meta-analysis, which reinforces the conclusion of a likely benefit for antibiotics. 

The definition of treatment failure is critical for studying AECOPD and yet there is no 

consensus definition.24  Based on the European Respiratory Society core outcome set, a recent 

methodologic systematic review proposes that clinical cure should be defined as sufficient 

improvement in signs and symptoms such that no additional systemic treatments are required.25  

Our understanding and management of AECOPD has also evolved over time and these changes 

are reflected in differences in antibiotic selection and cotreatment with corticosteroids in 

different studies.5  Nevertheless, the definitions of treatment failure and antibiotic regimens used 

were similar enough clinically that we believed pooling of data in a meta-analysis would still 

yield meaningful results.  Due to the above limitations, however, it is difficult to make any 

definitive conclusions until further data from more randomized trials becomes available.  
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Clinical implications 

Acute exacerbations of COPD are heterogeneous and there is likely a subset of patients 

who stand to benefit more from antibiotics than others.  This concept is reflected in our current 

understanding of the pathophysiology of AECOPD as well as practice guidelines.2,26,27  Clinical 

features such as sputum volume and purulence, fever, and consolidation on chest radiography are 

useful in identifying patients who should receive antibiotics.  In addition, laboratory biomarkers 

such as CRP and procalcitonin also have potential to provide meaningful clinical data.28,29  

Ultimately, the decision to prescribe antibiotics should incorporate the best available evidence, 

provider clinical judgement, and patient preference. 

 

Research implications 

For patients with AECOPD managed in the outpatient setting, the benefit of antibiotics is 

not conclusive.  Heterogeneity and small sample sizes in previous studies create considerable 

uncertainty.  Further studies are needed to obtain a consensus definition of treatment failure in 

the management of AECOPD.  While antibiotic regimens may depend on local resistance 

patterns, future studies may consider adopting guideline recommendations for antimicrobial use 

in community acquired pneumonia.30  A robust, multicenter RCT would be needed to provide 

reliable evidence on the degree to which antibiotics confer benefit.  Additionally, future studies 

should also examine specific subgroups of patients based on laboratory biomarkers and 

exacerbation phenotype, as well as measure adverse events related to antibiotic use. 
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Conclusion 

 Our systematic review and meta-analysis contributes to a growing body of evidence 

about the impact of antibiotic treatment in the outpatient management of patients with AECOPD. 

When considering the results of our study in the context of existing literature, antibiotics likely 

confer a modest benefit for outpatients with AECOPD and should continue to be prescribed by 

clinicians based on current practice guidelines.  Further research is needed to better delineate the 

magnitude of benefit provided by antibiotics as well as differences among patient subgroups. 

 

  



52 
 

REFERENCES 

 

1. Sorge, R. & DeBlieux, P. Acute Exacerbations of Chronic Obstructive Pulmonary 

Disease: A Primer for Emergency Physicians. J. Emerg. Med. 59, 643–659 (2020). 

2. Vogelmeier, C. et al. Global Strategy for the Diagnosis, Management, and Prevention of 

Chronic Obstructive Pulmonary Disease: 2020 Report. Glob. Initiat. Chronic Obstr. Lung Dis. 

(2020). 

3. Ko, F. W. et al. Acute exacerbation of COPD: Hot topics on acute exacerbation of 

COPD. Respirology 21, 1152–1165 (2016). 

4. Riley, C. M. & Sciurba, F. C. Diagnosis and Outpatient Management of Chronic 

Obstructive Pulmonary Disease: A Review. JAMA 321, 786 (2019). 

5. Mathioudakis, A. G. et al. Current developments and future directions in COPD. Eur. 

Respir. Rev. 29, 200289 (2020). 

6. Anthonisen, N. et al. Antibiotic Therapy in Exacerbations of Chronic Obstructive 

Pulmonary Disease. Ann. Intern. Med. 106, 196–204 (1987). 

7. Vollenweider, D. J., Frei, A., Steurer-Stey, C. A., Garcia-Aymerich, J. & Puhan, M. A. 

Antibiotics for exacerbations of chronic obstructive pulmonary disease. Cochrane Database Syst. 

Rev. (2018) doi:10.1002/14651858.CD010257.pub2. 

8. Page, M. J. et al. The PRISMA 2020 statement: an updated guideline for reporting 

systematic reviews. BMJ n71 (2021) doi:10.1136/bmj.n71. 

9. McGowan, J. et al. PRESS Peer Review of Electronic Search Strategies: 2015 Guideline 

Statement. J. Clin. Epidemiol. 75, 40–46 (2016). 

10. Knapp, G. & Hartung, J. Improved tests for a random effects meta-regression with a 

single covariate. Stat. Med. 22, 2693–2710 (2003). 

11. Bürkner, P.-C. brms : An R Package for Bayesian Multilevel Models Using Stan. J. Stat. 

Softw. 80, (2017). 

12. van Velzen, P. et al. Doxycycline for outpatient-treated acute exacerbations of COPD: a 

randomised double-blind placebo-controlled trial. Lancet Respir. Med. 5, 492–499 (2017). 

13. Brusse-Keizer, M., VanderValk, P., Hendrix, R., Kerstjens, H. & van der Palen, J. 

Necessity of amoxicillin clavulanic acid in addition to prednisolone in mild-to-moderate COPD 

exacerbations. BMJ Open Respir. Res. 1, e000052 (2014). 

14. Hassan, W. A., Shalan, I. & Elsobhy, M. Impact of antibiotics on acute exacerbations of 

COPD. Egypt. J. Chest Dis. Tuberc. 64, 579–585 (2015). 

15. Jørgensen, A. F. et al. Amoxicillin in Treatment of Acute Uncomplicated Exacerbations 

of Chronic Bronchitis:A double-blind, placebo-controlled multicentre study in general practice. 

Scand. J. Prim. Health Care 10, 7–11 (1992). 



53 
 

16. Llor, C., Moragas, A., Hernández, S., Bayona, C. & Miravitlles, M. Efficacy of 

Antibiotic Therapy for Acute Exacerbations of Mild to Moderate Chronic Obstructive 

Pulmonary Disease. Am. J. Respir. Crit. Care Med. 186, 716–723 (2012). 

17. Dobler, C. C. et al. Pharmacologic Therapies in Patients With Exacerbation of Chronic 

Obstructive Pulmonary Disease: A Systematic Review With Meta-analysis. Ann. Intern. Med. 

172, 413 (2020). 

18. Vollenweider, D. J., Jarrett, H., Steurer-Stey, C. A., Garcia-Aymerich, J. & Puhan, M. A. 

Antibiotics for exacerbations of chronic obstructive pulmonary disease. Cochrane Database Syst. 

Rev. (2012) doi:10.1002/14651858.CD010257. 

19. Veroniki, A. A. et al. Methods to estimate the between‐study variance and its uncertainty 

in meta‐analysis. Res. Synth. Methods 7, 55–79 (2016). 

20. Bakbergenuly, I., Hoaglin, D. C. & Kulinskaya, E. Methods for estimating between‐study 

variance and overall effect in meta‐analysis of odds ratios. Res. Synth. Methods 11, 426–442 

(2020). 

21. IntHout, J., Ioannidis, J. P. & Borm, G. F. The Hartung-Knapp-Sidik-Jonkman method 

for random effects meta-analysis is straightforward and considerably outperforms the standard 

DerSimonian-Laird method. BMC Med. Res. Methodol. 14, 25 (2014). 

22. Langan, D. et al. A comparison of heterogeneity variance estimators in simulated 

random‐effects meta‐analyses. Res. Synth. Methods 10, 83–98 (2019). 

23. Bagge, K. et al. Antibiotic treatment in acute exacerbation of COPD: patient outcomes 

with amoxicillin vs. amoxicillin/clavulanic acid—data from 43,636 outpatients. Respir. Res. 22, 

(2021). 

24. Mathioudakis, A. G., Moberg, M., Janner, J., Alonso-Coello, P. & Vestbo, J. Outcomes 

reported on the management of COPD exacerbations: a systematic survey of randomised 

controlled trials. ERJ Open Res. 5, 00072–02019 (2019). 

25. Mathioudakis, A. G. et al. Assessing Treatment Success or Failure as an Outcome in 

Randomised Clinical Trials of COPD Exacerbations. A Meta-Epidemiological Study. 

Biomedicines 9, 1837 (2021). 

26. Bafadhel, M. et al. Acute Exacerbations of Chronic Obstructive Pulmonary Disease: 

Identification of Biologic Clusters and Their Biomarkers. Am. J. Respir. Crit. Care Med. 184, 

662–671 (2011). 

27. Miravitlles, M., Moragas, A., Hernández, S., Bayona, C. & Llor, C. Is It Possible to 

Identify Exacerbations of Mild to Moderate COPD That Do Not Require Antibiotic Treatment? 

Chest 144, 1571–1577 (2013). 

28. Butler, C. C. et al. C-Reactive Protein Testing to Guide Antibiotic Prescribing for COPD 

Exacerbations. N. Engl. J. Med. 381, 111–120 (2019). 



54 
 

29. Mathioudakis, A. G., Chatzimavridou-Grigoriadou, V., Corlateanu, A. & Vestbo, J. 

Procalcitonin to guide antibiotic administration in COPD exacerbations: a meta-analysis. Eur. 

Respir. Rev. 26, 160073 (2017). 

30. Metlay, J. et al. Diagnosis and Treatment of Adults With Community-Acquired 

Pneumonia. Am. J. Respir. Crit. Care Med. 200, e45–e67 (2019). 

 



55 
 

TABLES AND FIGURES 

 

Figure 1: PRISMA flow diagram. 
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Table 1: Study characteristics. 

 
Study Country Setting Total 

sample size 

Intervention Definition of treatment failure 

van Velzen et al., 2017 Netherlands Outpatient 

clinic 

301 Doxycycline 100mg 

PO once daily for 7 

days (200mg on first 

day) 

No resolution of patient reported respiratory 

symptoms, prescription of open label 

antibiotics, prescription of new course of 

oral corticosteroids, admission to hospital for 

AECOPD, or death at day 21 

Brusse-Keizer et al., 2014 Netherlands Outpatient 

pulmonary 

clinic 

35 Amoxicillin/clavulanic 

acid 500/125mg PO 

TID for 7 days 

No resolution of AECOPD within 28 days 

Hassan et al., 2015 Egypt Outpatient 

clinic 

100 Ciprofloxacin 500mg 

BID for 10 days or 

amoxicillin 500mg 

q8H for 10 days 

No resolution or deterioration of patient 

reported symptoms at day 21 

Jorgensen et al., 1992 Denmark Outpatient 

clinic 

268 Amoxicillin 750mg PO 

BID for 7 days 

Unchanged or deteriorated patient condition 

on physician assessment at day 8 

Llor et al., 2012 Spain Primary care 

centers 

310 Amoxicillin/clavulanic 

acid 500/125mg PO 

TID for 8 days 

No clinical improvement based on physician 

assessment at day 9-11 

Anthonisen et al., 1987 Canada Outpatient 

clinic 

116 Trimethoprim-

sulfamethoxazole 

160/800mg PO BID 

for 10 days or 

amoxicillin 250mg PO 

QID for 10 days or 

doxycycline 100mg 

PO once daily for 10 

days (200mg on first 

day) 

No resolution or worsening patient reported 

symptoms at day 21 

PO, per os; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; TID, three times a day; BID, two times a day; q8H, every 8 hours; QID, four 

times a day
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Figure 2: Risk of bias assessment using the Cochrane Risk-of-Bias Tool Version 2. 
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Figure 3: Primary analysis of antibiotics compared to placebo on the outcome of treatment 

failure using random effects meta-analysis. 
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Figure 4: Cumulative probability of the pooled effect size of treatment with antibiotics 

using a Bayesian approach with weakly informative priors 
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Figure 5: Sensitivity analysis using random effects meta-analysis limiting to low risk of bias 

studies  
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Figure 6: Funnel plot for assessment of publication bias. 
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SUPPLEMENTARY MATERIAL  

 

Appendix 1: Search strategy. 

 
Embase Classic+Embase <1947 to 2022 March 16> 
Ovid MEDLINE(R) ALL <1946 to March 16, 2022> 
EBM Reviews - Cochrane Central Register of Controlled Trials <January 2022> 
 
Medline 
 
1 exp Pulmonary Disease, Chronic Obstructive/ 223867 
2 copd.tw,kf. 172129 
3 chronic obstructive pulmonary disease*.tw,kf. 152134 
4 (chronic obstructive lung* or chronic obstructive airway*).tw,kf. 15416 
5 chronic bronchitis.tw,kf. 28420 
6 PULMONARY EMPHYSEMA.tw,kf. 11921 
7 or/1-6 328933 
8 (exacerbat* or severe).tw,kf. 3128123 
9 7 and 8 86930 
10 AECOPD.tw,kf. 5152 
11 9 or 10 87093 
12 exp Anti-Bacterial Agents/ 5032212 
13 (anti biotic* or antibiotic* or anti-bacterial agent* or antibacterial agent*).tw,kf. 988604 
14 (penicillin* or amoxycillin or Amoxicillin or ampicillin or cefalosporin* or cefaclor or cefalexine or 
cephalotin or cefazolin or cefixime or cefotaxime or cefpodoxime or cephradine or ceftizoxime or 
ceftriaxone or cefuroxime or tetracyclin* or demeclocycline or doxycycline or minocycline or 
oxytetracycline or macrolides or azithromycin or clarithromycin or dirithromycin or erythromycin or 
roxithromycin or telithromycin or troleandomycin or fluoroquinoln* or ciprofloxacin or gatifloxacin or 
gemfloxacin or grepafloxacin or levofloxacin or lomefloxacin or moxifloxacin or ofloxacin or sparfloxacin 
or trovafloxacin or floxacin or chloramphenicol or clindamycin or trimethoprim or sulfamethxazole or 
cotrimoxazole or carbapenem* or meropenem or imipenem).tw,kf. 688859 
15 12 or 13 or 14 5428657 
16 11 and 15 14746 
17 randomized controlled trial.pt. 1107420 
18 controlled clinical trial.pt. 187696 
19 random*.tw. 4183167 
20 placebo.ab. 872676 
21 clinical trials as topic.sh. 232822 
22 trial.ti. 993065 
23 or/17-22 5153642 
24 exp animals/ not humans/ 17863932 
25 23 not 24 4245350 
26 16 and 25 3070 
27 26 use medall 867 
28 limit 27 to dt=20210330-20220317 26 
 
Embase 
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29 chronic obstructive lung disease/ 207114 
30 (copd or chronic obstructive pulmonary disease*).tw. 218117 
31 chronic airflow obstruction*.tw. 1377 
32 chronic obstructive lung disease*.tw. 12622 
33 chronic bronchitis.tw. 27882 
34 PULMONARY EMPHYSEMA.tw. 10104 
35 (chronic obstructive lung* or chronic obstructive airway*).tw. 14986 
36 or/29-35 315137 
37 disease exacerbation/ 342578 
38 (exacerbat* or severe).tw. 3120651 
39 37 or 38 3379021 
40 36 and 39 91136 
41 aecopd.tw. 5107 
42 40 or 41 91293 
43 exp *antibiotic agent/ 664871 
44 *antiinfective agent/ 95181 
45 (anti biotic* or antibiotic* or anti-bacterial agent* or antibacterial agent*).tw. 957945 
46 (penicillin* or amoxycillin or Amoxicillin or ampicillin or cefalosporin* or cefaclor or cefalexine or 
cephalotin or cefazolin or cefixime or cefotaxime or cefpodoxime or cephradine or ceftizoxime or 
ceftriaxone or cefuroxime or tetracyclin* or demeclocycline or doxycycline or minocycline or 
oxytetracycline or macrolides or azithromycin or clarithromycin or dirithromycin or erythromycin or 
roxithromycin or telithromycin or troleandomycin or fluoroquinoln* or ciprofloxacin or gatifloxacin or 
gemfloxacin or grepafloxacin or levofloxacin or lomefloxacin or moxifloxacin or ofloxacin or sparfloxacin 
or trovafloxacin or floxacin or chloramphenicol or clindamycin or trimethoprim or sulfamethxazole or 
cotrimoxazole or carbapenem* or meropenem or imipenem).tw. 674245 
47 43 or 44 or 45 or 46 1818686 
48 42 and 47 9636 
49 random*.tw. or placebo*.mp. or double-blind*.mp. 4771671 
50 trial*.ti. 1217125 
51 49 or 50 5077699 
52 48 and 51 3118 
53 52 use emczd 1363 
54 limit 53 to dc=20210330-20220317 60 
 
Cochrane 
 
55 exp Pulmonary Disease, Chronic Obstructive/ 223867 
56 copd.tw,kw. 171221 
57 chronic obstructive pulmonary disease*.tw,kw. 151931 
58 chronic bronchitis.tw,kw. 28457 
59 PULMONARY EMPHYSEMA.tw,kw. 11574 
60 (chronic obstructive lung* or chronic obstructive airway*).tw,kw. 21770 
61 or/55-60 329225 
62 (exacerbat* or severe).tw,kw. 3123832 
63 61 and 62 86763 
64 AECOPD.tw,kw. 5136 
65 63 or 64 86930 
66 exp Anti-Bacterial Agents/ 5032212 
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67 (anti biotic* or antibiotic* or anti-bacterial agent* or antibacterial agent*).tw,kw. 988628 
68 (penicillin* or amoxycillin or Amoxicillin or ampicillin or cefalosporin* or cefaclor or cefalexine or 
cephalotin or cefazolin or cefixime or cefotaxime or cefpodoxime or cephradine or ceftizoxime or 
ceftriaxone or cefuroxime or tetracyclin* or demeclocycline or doxycycline or minocycline or 
oxytetracycline or macrolides or azithromycin or clarithromycin or dirithromycin or erythromycin or 
roxithromycin or telithromycin or troleandomycin or fluoroquinoln* or ciprofloxacin or gatifloxacin or 
gemfloxacin or grepafloxacin or levofloxacin or lomefloxacin or moxifloxacin or ofloxacin or sparfloxacin 
or trovafloxacin or floxacin or chloramphenicol or clindamycin or trimethoprim or sulfamethxazole or 
cotrimoxazole or carbapenem* or meropenem or imipenem).tw,kw. 686415 
69 66 or 67 or 68 5429625 
70 65 and 69 14736 
71 70 use cctr 1421 
72 limit 71 to yr="2021 -Current" 40 
73 28 or 54 or 72 126 
 
 
Web of Science – March 17, 2022 
 
Search 
#3 AND #4 AND #5 
9:55 AM | Timespan: 2021-03-30 to 2022-03-17 (Index Date)  
Web of Science Core Collection  
26  
 
Search 
TS=(random*)  OR  TS=(placebo)  OR  TS=(double  blind*)  OR  TI=trial* 
9:48 AM | Timespan: 2021-03-30 to 2022-03-17 (Index Date)  
Web of Science Core Collection  
181,220  
 
Search 
TS=(penicillin*  or  amoxycillin  or  Amoxicillin  or  ampicillin  or  cefalosporin*   
or  cefaclor  or  cefalexin  or  cephalotin  or  cefazolin  or  cefixime  or  cefotaxime  or  
 cefpodoxime  or  cephradine  or  ceftizoxime  or  ceftriaxone  or  cefuroxime  or  tetracyclin*  or   
demeclocycline  or  doxycycline  or  minocycline  or  
 oxytetracycline  or  macrolides  or  azithromycin  or  clarithromycin  or  
 dirithromycin  or  erythromycin  or  roxithromycin  or  telithromycin  or  
 troleandomycin  or  fluoroquinoln*  or  ciprofloxacin  or  gatifloxacin  or  
 gemifloxacin  or  grepafloxacin  
 or  levofloxacin  or  lomefloxacin  or  
 moxifloxacin  or  ofloxacin  or  sparfloxacin  or  trovafloxacin  or  floxacins  or  chloramphenicol  or   
clindamycin  or  trimethoprim  or  sulfamethoxazole  or  cotrimoxazole  or  carbapenem*  or   
meropenem  or  imipenem)  OR TS=(anti  biotic*  or  antibiotic*  or  anti-
bacterial  agent*  or  antibacterial  agent*) 
9:45 AM  
Web of Science Core Collection  
640,880  
 

https://www-webofscience-com.proxy.bib.uottawa.ca/wos/woscc/summary/d5a171df-5b0a-4f60-aa77-2e2c2e3bd541-2a96bddf/relevance/1
https://www-webofscience-com.proxy.bib.uottawa.ca/wos/woscc/summary/ac6457bb-984c-426b-bc64-273fc1ac14ec-2a9616f5/relevance/1
https://www-webofscience-com.proxy.bib.uottawa.ca/wos/woscc/summary/9d969912-a878-4dbb-83f7-726bd8e361bb-2a968fb4/relevance/1
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Search 
#2 AND #1 
9:44 AM  
Web of Science Core Collection  
14,462  
 
Search 
TS= ("ACUTE EXACERBATIONS")    
OR  TI=(severe  or    
exacerbat*) 
9:43 AM  
Web of Science Core Collection  
240,675  
 
Search 
TS=(copd) OR  TS=(chronic obstructive pulmonary disease*) OR  
 TS=(chronic bronchitis)  OR   TS=(PULMONARY  EMPHYSEMA)  
 OR TS=(chronic obstructive lung disease*)  
OR TS=("OBSTRUCTIVE PULMONARY-DISEASE") 
9:43 AM  
Web of Science Core Collection  
122,884  
 
 
 
CinahlComplete – March 17, 2022 
 
 

# Query Limiters/Expanders Results 

S1 (MH "Pulmonary Disease, Chronic Obstructive+") 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 21,597 

S2 
TI copd OR TI chronic obstructive pulmonary disease OR 
TI chronic bronchitis OR TI PULMONARY EMPHYSEMA 

Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 17,395 

S3 

AB copd OR AB chronic obstructive pulmonary disease 
OR AB chronic bronchitis OR AB PULMONARY 
EMPHYSEMA 

Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 19,821 

S4 S1 OR S2 OR S3 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 31,338 

S5 (MH "Antibiotics+") 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 86,156 

S6 

TI ( (anti biotic* or antibiotic* or anti-bacterial agent* or 
antibacterial agent*). ) OR AB ( (anti biotic* or antibiotic* 
or anti-bacterial agent* or antibacterial agent*) ) 

Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 56,706 

S7 

AB penicillin* or amoxycillin or Amoxicillin or ampicillin or 
cefalosporin* or cefaclor or cefalexine or cephalotin or 
cefazolin or cefixime or cefotaxime or cefpodoxime or 
cephradine or ceftizoxime or ceftriaxone or cefuroxime or 

Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 22,322 

https://www-webofscience-com.proxy.bib.uottawa.ca/wos/woscc/summary/b078e0da-47a4-4812-b268-93b60e28aa07-2a96bdde/relevance/1
https://www-webofscience-com.proxy.bib.uottawa.ca/wos/woscc/summary/3d4ee7a2-15b8-40d5-82ca-314b604ef134-2a96b998/relevance/1
https://www-webofscience-com.proxy.bib.uottawa.ca/wos/woscc/summary/ff33d208-4b59-4a80-b2c6-2247552dd115-2a96bddd/relevance/1
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tetracyclin* or demeclocycline or doxycycline or 
minocycline or oxytetracycline or macrolides or 
azithromycin or clarithromycin or dirithromycin or 
erythromycin or roxithromycin or telithromycin or 
troleandomycin or fluoroquinoln* or ciprofloxacin or 
gatifloxacin or gemfloxacin or grepafloxacin or 
levofloxacin or lomefloxacin or moxifloxacin or ofloxacin 
or sparfloxacin or trovafloxacin or floxacin or 
chloramphenicol or clindamycin or trimethoprim or 
sulfamethxazole or cotrimoxazole or carbapenem* or 
meropenem or imipenem 

S8 S5 OR S6 OR S7 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 119,178 

S9 S4 AND S8 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 1,258 

S10 (MH "Disease Exacerbation") 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 3,336 

S11 
TI exacerbat* OR AB exacerbat* OR TI severe OR AB 
severe 

Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 246,225 

S12 S10 OR S11 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 247,650 

S13 S9 AND S12 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 828 

S14 (MH "Clinical Trials+") 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 335,489 

S15 
TI random* OR AB random* OR TI placebo OR AB 
placebo OR TI trial* 

Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 469,859 

S16 S14 OR S15 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 598,233 

S17 S13 AND S16 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 269 

S18 EM 20210330-20220317 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 386,810 

S19 S17 AND S18 
Expanders - Apply equivalent subjects 
Search modes - Boolean/Phrase 7 
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Supplementary Table 1: Excluded full-text citations. 

 

Citation Reason for exclusion 

Placebo Versus Antibiotics in Acute 

Exacerbations of Chronic Obstructive 

Pulmonary Disease (COPD) 

Wrong patient population – included 

hospitalized patients 

The effects of the use of antibiotics during 

acute exacerbations in COPD on the severity 

and duration of exacerbations: the ABC-trial. 

- ABC-trial 2005 

Study protocol 

The effects of the use of antibiotics during 

acute exacerbations in chronic obstructive 

pulmonary disease (COPD) on the severity 

and duration of exacerbations: the ABC-trial 

Study protocol 

Hansen et al. A randomized double-blind trial 

between amoxycillin and placebo in the 

treatment of acute exacerbations of chronic 

bronchitis. European respiratory journal - 

supplement 1990;3(Suppl 10):89S. 

Unable to find full text 

Allegra et al. The role of antibiotics in the 

treatment of chronic bronchitis exacerbation: 

Follow-up of a multicenter study. Giornale 

Italiano della Malattie del Torace 

1991;45(3):138-148. 

Unable to find full text 

Sachs et al. Changes in symptoms, peak 

expiratory flow, and sputum flora during 

treatment with antibiotics of exacerbations in 

patients with chronic obstructive pulmonary 

disease in general practice. Thorax 

1995;50(7):758-763. 

Wrong patient population – included patients 

with asthma 

Brusse-Keizer et al. Antibiotics in Patients 

with a Mild to Moderate Home-Treated 

COPD Exacerbation: The ABC-Trial. 

American Journal of Respiratory and Critical 

Care Medicine 2009;179. 

Duplicate data 
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CHAPTER FOUR: ASSOCIATION BETWEEN ANTIBIOTICS AND 

REHOSPITALIZATION IN PATIENTS WITH ACUTE EXACERBATIONS OF 

CHRONIC OBSTRUCTIVE PULMONARY DISEASE DISCHARGED FROM THE 

EMERGENCY DEPARTMENT 

 

 

ABSTRACT 

Background 

 Patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) 

are frequently discharged from the emergency department (ED) and treated with antibiotics.  The 

role of antibiotics in the outpatient management of AECOPD is controversial and has never been 

studied in the ED setting. 

Methods 

 We conducted a secondary analysis of prospectively collected data from the validation 

study of the Ottawa COPD Risk Scale.  We included adult patients with AECOPD who were 

discharged from six tertiary care EDs in Canada over a two-year period and assessed rates of 

rehospitalization within 14 days of ED discharge.  To examine the association between antibiotic 

treatment and rehospitalization, we performed multivariable logistic regression and propensity 

score matched analyses. 

Results 

A total of 774 patients were included in the analysis.  The mean age was 69.4 years, 388 

patients (50.1%) were female, and 451 patients (58.3%) were discharged with antibiotics.  

Twenty-nine (6.4%) and 36 (11.1%) patients returned to hospital with admission in the antibiotic 

and no antibiotic groups, respectively (unadjusted OR 0.55; 95% CI 0.33 to 0.92); adjustment for 

prespecified baseline characteristics using logistic regression yielded OR 0.65; 95% CI 0.38 to 

1.08.  In the propensity score matched analysis comprising of 197 matched pairs, 15 (7.6%) and 
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19 patients (9.6%) in the antibiotic and no antibiotic groups returned with admission, 

respectively (OR 0.69; 95% CI 0.29 to 1.62). 

Conclusion 

For patients with AECOPD discharged from the ED, we did not find an association 

between outpatient treatment with antibiotics and lower rates of rehospitalization after 

accounting for differences in baseline patient characteristics.  However, the small sample size 

and low observed rate of the primary outcome created substantial risk of Type II error.  Until 

further evidence is available, clinicians should continue prescribing antibiotics for patients with 

AECOPD based on clinical judgement and current practice guidelines. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is characterized by respiratory symptoms 

due to airflow obstruction caused by airway and alveolar abnormalities.1  During the natural 

course of COPD, patients experience acute exacerbations and progressive decline in lung 

function.2  Acute exacerbations of COPD (AECOPD) are key indicators of disease progression 

and can negatively impact quality of life, health care costs, lung function, and survival.3–7  

Conventional management of AECOPD includes the use of short-acting bronchodilators, inhaled 

anticholinergics, systemic corticosteroids, and antibiotics.7  The benefit of antibiotics in the 

treatment of AECOPD, however, has been and remains controversial, especially for patients in 

the outpatient setting.7–10  Clinical trials in the outpatient setting demonstrate conflicting results 

and a recent systematic review and meta-analysis concluded that the current evidence remains 

inconclusive for outpatients with mild to moderate severity exacerbations.9,11–16 

Patients with AECOPD are frequently assessed and managed in the emergency 

department (ED).2,17  While guidelines classify any patient presenting to the ED with COPD as 

having a “severe” exacerbation, many of these patients are discharged directly from the ED and 

managed as outpatients.1,18  Although antibiotics are commonly prescribed for patients with 

AECOPD, there is currently no consensus as to who benefits most from treatment.2,9,19  Criteria 

proposed by Anthonisen et al. in 1987 are reflected in current international guidelines, which 

recommend antibiotics for patients with all three cardinal symptoms of increased dyspnea, 

sputum volume, and sputum purulence, or two of the three if increased sputum purulence is one 

of the two symptoms.1,20  However, these recommendations arise from subgroup analyses of a 

single trial and descriptions of symptoms provided by patients may be subjective and unreliable.9   
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Considering how frequently AECOPD is encountered in the ED setting and the potential 

harms of antibiotic overuse, it is imperative to determine the role of antibiotics in outpatient 

management.  The objective of this study was to determine whether treatment with antibiotics is 

associated with lower rates of rehospitalization in patients with AECOPD who are discharged 

from the ED. 

 

METHODS 

Study design 

We conducted a secondary analysis of prospectively collected data from the Ottawa 

COPD Risk Scale (OCRS; Supplementary Table 1) validation study.21 

Study setting 

The validation of the OCRS was a prospective cohort study conducted in the EDs of six 

tertiary care hospitals in Canada from May 2011 to December 2013.  These six EDs had a 

combined annual census of approximately 400,000 patient visits. 

Study population 

We included adults 50 years of age or older who presented to the ED with AECOPD and 

were discharged.  The diagnosis of COPD was either previously established or made in the ED 

based on a one-year history of chronic dyspnea or cough with sputum production.  Exacerbation 

of COPD was defined as an increase in at least two of the following three criteria: breathlessness, 

sputum volume, and sputum purulence. 

We excluded patients who required admission, had confusion, dementia, ischemic chest 

pain requiring treatment, acute ischemic changes on electrocardiography, death expected within 

weeks from chronic illness, residence in a long-term care or chronic care facility, on long-term 
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hemodialysis, or enrolled in the study in the previous two months.  We also excluded patients 

who had missing data on discharge with antibiotics. 

Outcome measures 

The primary outcome of interest was return to the ED for respiratory complaints resulting 

in admission to hospital within 14 days of the initial visit.  Secondary outcomes were return to 

the ED within 14 days without admission to hospital, return with admission to the intensive care 

unit, and all-cause mortality within 30 days of the initial visit. 

Statistical analysis 

As this study was a secondary analysis, the sample size was determined by the original 

patient cohort from the OCRS validation study. 

We used descriptive statistics to summarize patient characteristics in the antibiotic and no 

antibiotic cohorts and compared characteristics using standardized differences.  We then used 

two approaches to examine the association between antibiotics and rehospitalization.  In the first 

analysis, we used bivariable and multivariable logistic regression to estimate the unadjusted and 

adjusted odds ratios (ORs) with 95% confidence interval (CI) for each predictor.  The 

multivariable model was constructed using prespecified variables selected based on their clinical 

relevance and informed by the analysis of case mix differences between the cohorts.  Goodness-

of-fit was assessed using Hosmer-Lemeshow test and C-statistic.  Because the number of events 

was relatively low, restricting the available degrees of freedom for the multivariable model, we 

conducted a second analysis using propensity score matching. 

For the propensity score matched analysis, patients treated with antibiotics were matched 

1:1 without replacement with patients not treated with antibiotics based on propensity score.  The 

propensity score was calculated using all patient baseline characteristics described in Table 1.  
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Matched pairs were formed using greedy nearest neighbor matching with a caliper distance of 

0.2 of the pooled standard deviation of the logit of the propensity score.  We then used 

McNemar’s Test to compare outcomes between matched pairs.  Results were reported 

descriptively for secondary outcomes with low cell frequencies. 

We considered discharge with oral corticosteroids to be a co-treatment rather than a 

confounder as this variable was not a known patient characteristic during the ED visit.  

Therefore, this variable was not included in the model to derive the propensity score.  To 

determine whether there was any effect modification due to oral corticosteroids, we repeated the 

multivariable logistic regression analysis and included the main effect for treatment with oral 

corticosteroids as well as its interaction with antibiotic treatment into the model.  In the 

propensity score cohort, we presented outcomes descriptively after stratifying by treatment with 

corticosteroids. 

Patients who were on antibiotics prior to ED presentation but did not receive a new 

antibiotic prescription on their ED visit were classified into the “no antibiotics” group.  However, 

these patients may have continued to take their previous antibiotic after discharge, possibly 

resulting in misclassification.  In addition, patients in the “no antibiotics” group who received 

antibiotics in the ED could result in further contamination.  Therefore, we performed a sensitivity 

analysis where we re-classified “no antibiotic” patients who were on previous antibiotics or 

received antibiotics in the ED into the antibiotics cohort. 

We considered absolute values of standardized differences greater than 0.2 to be 

clinically important.  All analyses were performed using SAS software version 9.4 (SAS Institute 

Inc., Cary, NC). 
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RESULTS 

A total of 1,415 patients were enrolled during the study period, of which 779 patients 

were discharged from the ED.  After excluding five patients for whom discharge antibiotic 

prescription data were missing, 774 patients were included in the final analysis (Figure 1).    

Patient characteristics for antibiotic and no antibiotic groups are depicted in Table 1.  

There were no important differences between age, sex, or vital signs on arrival between the two 

groups.  More patients arrived by ambulance, had a history of heart failure, were already on 

antibiotics and oral corticosteroids in the no antibiotic group compared to the antibiotic group.  

Table 2 shows outcomes for patients discharged with and without antibiotics.  Twenty-nine 

patients (6.4%) in the antibiotic cohort returned with admission compared to 36 patients (11.1%) 

in the no antibiotic cohort (unadjusted OR 0.55; 95% CI 0.33 to 0.92).  There were no important 

differences in secondary outcomes.  

Logistic regression analysis 

For the multivariable logistic regression model, history of heart failure, age, arrival by 

ambulance, home oxygen use, current smoking status, and COPD Risk Score were considered 

clinically important characteristics to account for in measuring the association between 

antibiotics and rehospitalization.  Unadjusted and adjusted ORs with 95% CIs for antibiotic 

treatment and clinically important predictors are shown in Table 3.  The adjusted OR measuring 

the association between outpatient treatment with antibiotics and rehospitalization was 0.65; 95% 

CI 0.38 to 1.08.  Home oxygen use (adjusted OR 2.06; 95% CI 1.13 to 3.74) and higher COPD 

Risk Score (adjusted OR 1.32; 95% CI 1.12 to 1.56) was associated with higher odds of 

rehospitalization in both unadjusted and adjusted analyses.  Hosmer-Lemeshow Goodness-of-Fit 

test did not reveal lack of fit (p = 0.81) and the c-statistic was 0.704 for the model. 
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Propensity score matched analysis 

In the propensity score matched analysis, a total of 197 matched pairs were formed.  

Consequently, 51% of the entire cohort contributed to the analysis.  Characteristics of the 

propensity score matched cohorts are shown in Table 4.  Table 5 shows the outcomes in the 

propensity score matched cohorts.  Fifteen patients (7.6%) in the antibiotics cohort returned with 

admission compared to 19 patients (9.6%) in the no antibiotics cohort (OR 0.69; 95% CI 0.29 to 

1.62).  Forty-two patients (21.3%) in the antibiotic cohort and 38 patients (19.3%) in the no 

antibiotic cohort had any return visit to the ED within 14 days (OR 1.12; 95% CI 0.66 to 1.89).  

There were no important differences in the other secondary outcomes in the propensity score 

matched cohorts. 

Analysis of effect modification by oral corticosteroids 

There were 380 patients (84.3%) and 144 patients (44.6%) in the antibiotic and no 

antibiotic cohorts who were also discharged with oral corticosteroids, respectively.  

Supplementary Table 2 shows the logistic regression model examining the interaction term 

between antibiotics and oral corticosteroids and Supplementary Table 3 shows propensity score 

matched cohorts with patient outcomes stratified by oral corticosteroids.  The interaction term in 

the logistic regression model was not statistically significant (p = 0.32) and there were no 

important differences in outcomes in the stratified analysis.   

Analysis of patients on prior antibiotics or receiving ED antibiotics 

There were 69 patients (21.4%) and 73 patients (22.6%) in the no antibiotics group who 

were already on antibiotics prior to their ED presentation or received antibiotics in the ED, 

respectively.  Unadjusted and adjusted ORs with 95% CIs for this sensitivity analysis are shown 
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in Supplementary Table 4.  The adjusted OR measuring the association between outpatient 

treatment with antibiotics and rehospitalization in this analysis was 0.87; 95% CI 0.49 to 1.55. 

 

DISCUSSION 

Interpretation  

In this secondary analysis of patients with AECOPD discharged from the ED, we 

examined the association between treatment with antibiotics and rehospitalization within 14 

days.  In the unadjusted analysis, treatment with antibiotics was significantly associated with 

lower rehospitalization.  In the multivariable logistic regression and propensity score matched 

analyses, the association was not statistically significant but had wide confidence intervals, 

indicating substantial uncertainty.   

Previous literature 

Previous randomized controlled trials (RCTs) examining patients with AECOPD 

recruited from outpatient clinics have demonstrated conflicting results.  In a recent RCT 

conducted in multiple outpatient clinics in the Netherlands, treatment with doxycycline did not 

prolong time to next exacerbation compared to placebo.  In the same study, 21% of patients 

treated with doxycycline had treatment non-response at 21 days compared to 31% of patients 

treated with placebo.  However, this difference was not statistically significant.15  This non-

significant trend towards benefit for antibiotics is similar to our study.  In another RCT from one 

outpatient pulmonary clinic, there was no difference in the rate of resolution or relapse within 28 

days whether patients were treated with amoxicillin/clavulanic acid or placebo.16 

 In contrast, an RCT conducted in multiple primary care centres in Spain found that 

treatment with amoxicillin/clavulanic acid was associated with significantly higher treatment 
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success and prolonged time to next exacerbation compared to placebo.12  A recent systematic 

review demonstrated that antibiotics were significantly associated with increased exacerbation 

resolution and decreased treatment failure, independent of study setting or exacerbation 

severity.7   

Strengths and limitations 

Our study has important limitations.  This study was a secondary analysis of an 

observational study and the sample size was not established for our study question.  In the 

original OCRS validation study, consecutive eligible patients presenting to the ED were enrolled 

over a two-year period.  There were 1185 and 119 eligible patients who missed enrollment due to 

unavailability of research staff and patient refusal, respectively.  However, we do not believe that 

this would introduce significant bias in the results of our analysis as these reasons are unrelated 

to the current study. 

Our multivariable logistic regression analysis included all available patients but had  

insufficient degrees of freedom to allow adjustment for all relevant patient characteristics.  Our 

propensity score matched analysis created comparable groups but the matching process 

precluded the analysis of the entire cohort.  Both analyses attempted to create prognostic balance 

but residual confounding by indication remains a possibility.  Neither analysis demonstrated an 

association between antibiotics and lower rehospitalization but the number of events and sample 

size available for both analyses were small, resulting in substantial risk of Type II error.  A much 

larger randomized trial would be required to determine whether clinical benefit truly exists.  For 

example, using an event rate of 10% for the primary outcome, at least 4010 patients would be 

required in a trial with 1:1 allocation to detect a 25% relative reduction in the primary outcome 
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with 80% power.  This sample size is substantially larger than the available sample size of our 

study as well as previous trials designed to address similar questions.9 

We did not have data about the cardinal symptoms of sputum volume and purulence and 

were unable to assess whether antibiotics would benefit these specific subgroups of patients.  In 

addition, we had no data about laboratory biomarkers such as C-reactive protein (CRP) or 

procalcitonin, which may be useful for management decisions.22,23   

Notwithstanding these limitations, our study utilized prospectively collected data from 

multiple tertiary care EDs in Canada  We analyzed relevant and patient-oriented outcomes using 

robust statistical methods.  Finally, we examined the impact of antibiotics on patients with 

AECOPD in the ED setting, which has not been previously evaluated in any other study.     

Clinical implications 

Acute exacerbations of COPD are heterogeneous and there is likely a subset of patients 

who benefit from antibiotics that may not be easily identifiable based on current evidence.  

Patients with increased sputum volume and purulence, fever, or consolidation on chest 

radiography would benefit from antibiotics.  The decision to prescribe antibiotics, however, 

becomes more difficult when these signs are absent.  Clinicians should synthesize all available 

clinical data as well as patient-specific factors.  For example, our study also demonstrated that 

home oxygen use and higher COPD Risk Score were associated with increased rehospitalization.  

Finally, shared decision making with patients based on risk and patient preference may also be a 

valid approach. 

Research implications 

Given the clinical equipoise demonstrated in this study, further RCTs in the ED setting 

are needed to examine the role of antibiotics in the management of AECOPD.  Additional studies 
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could also examine whether the impact of antibiotics is different for specific subgroups of 

patients based on laboratory biomarkers or Anthonisen criteria as well as measure adverse events 

related to antibiotic use. 

Conclusion 

Our observational study was unable to demonstrate an association between antibiotics 

and rehospitalization for patients with AECOPD discharged from the ED.  However, the low rate 

of the primary outcome and small sample size created substantial risk of Type II error.  In the 

context of prior knowledge and the limitations of the current study, antibiotics likely confer 

benefit in AECOPD but this benefit may be modest and differ among patient subgroups.  Until 

further evidence is available and there is greater clarity about COPD subgroups, clinicians should 

continue prescribing antibiotics for patients with AECOPD based on clinical judgement and 

current practice guidelines. 
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TABLES AND FIGURES 

 

Figure 1: Patient flow 
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Table 1: Patient characteristics 
    

Antibiotics on 

discharge 

No antibiotics 

on discharge 

Standardized 

difference 
   

n = 451 n = 323 
 

Age, mean years (SD) 69.2 (10.7) 69.6 (10.7) -0.03 

Female 
 

217 (48.1) 171 (52.9) -0.10 

Arrival status 
   

 
CTAS 

   

  
1 0 (0.0) 4 (1.2) 0.23   
2 168 (37.3) 129 (40.1) 

 

  
3 269 (59.7) 174 (54.0) 

 

  
4 13 (2.9) 14 (4.4) 

 

  
5 1 (0.2) 1 (0.3) 

 

 
Arrival by ambulance 180 (39.9) 166 (51.4) -0.23  
Tachycardia (HR ≥ 100) 133 (29.7) 101 (31.6) 0.04  
Tachypnea (RR ≥ 20) 318 (71.3) 236 (74.0) 0.06  
Hypotension (SBP < 90) 4 (0.9) 3 (0.9) 0.00  
Hypoxia (SpO2 < 88) 19 (4.2) 11 (3.4) 0.04  
Fever (T ≥ 38) 7 (1.6) 5 (1.6) 0.00  
Duration of respiratory 

distress, mean hours (SD) 

71.3 (57.0) 58.0 (52.7) 0.24 

Past medical history 
   

 
COPD 437 (96.9) 313 (96.9) 0.00  
Heart failure 49 (10.9) 57 (17.7) -0.20  
Intubation for respiratory 

distress 

12 (2.7) 14 (4.3) -0.09 

 
MI or angina 82 (18.2) 67 (20.7) -0.07  
CABG or PCI 41 (9.1) 36 (11.1) -0.07  
Pacemaker 14 (3.1) 12 (3.7) -0.03  
Atrial fibrillation 36 (8.0) 28 (8.7) -0.03  
Peripheral vascular disease 8 (1.8) 10 (3.1) -0.09  
Cancer 10 (2.2) 12 (3.7) -0.09  
Hypertension 215 (47.7) 153 (47.4) 0.01  
Stroke or TIA 54 (12.0) 25 (7.7) 0.14  
Diabetes 82 (18.2) 56 (17.3) 0.02  
Valvular heart disease 13 (2.9) 14 (4.3) -0.08  
Dementia 13 (2.9) 9 (2.8) 0.01  
Chronic renal failure 20 (4.4) 20 (6.2) -0.08 

Current home oxygen use 71 (15.7) 57 (17.7) -0.05 

Person who smokes, current or 

former 

295 (65.4) 220 (68.1) -0.06 



84 
 

Current respiratory 

medications 

   

 
Antibiotic 45 (10.0) 69 (21.4) -0.32  
Oral steroid 44 (9.8) 54 (16.8) -0.21  
Inhaled beta-agonist 395 (88.0) 296 (91.9) -0.13  
Inhaled anticholinergic 308 (68.6) 223 (69.3) -0.01  
Inhaled steroid 295 (65.7) 223 (69.3) -0.08 

Treatment received in the ED 
   

 
Inhaled beta-agonist 359 (79.6) 267 (82.7) -0.08  
Antibiotic (IV or PO) 288 (63.9) 73 (22.6) 0.92  
Systemic steroid (IV or 

PO) 

313 (69.4) 193 (59.8) 0.20 

 
Noninvasive ventilation 3 (0.7) 2 (0.6) 0.01 

Chest radiography 
   

 
Normal 355 (80.5) 230 (75.4) 0.12  
Pneumonia 33 (7.5) 13 (4.3) 0.14  
Pleural effusion 33 (7.5) 28 (9.2) -0.06  
Cardiomegaly 24 (5.4) 37 (12.1) -0.24  
Pulmonary congestion 14 (3.2) 19 (6.2) -0.15 

Secondary diagnosis 
   

 
Heart failure 3 (0.7) 11 (3.4) -0.19 

COPD Risk Score, mean (SD) 0.8 (1.3) 1.1 (1.4) -0.17 

SD, standard deviation; CTAS, Canadian Triage Acuity Scale; HR, heart rate; RR, respiratory rate; SBP, systolic 

blood pressure; SpO2, peripheral oxygen saturation; T, temperature; COPD, chronic obstructive pulmonary disease; 

MI, myocardial infarction; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; TIA, 

transient ischemic attack; ED, emergency department; IV, intravenous; PO, per os 
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Table 2: Patient outcomes 

    
Antibiotics on 

discharge 

No antibiotics 

on discharge 

All patients 

   
n = 451 n = 323 n = 774       

Return with admission to 

hospital within 14 days 

29 (6.4) 36 (11.1) 65 (8.4) 

 
Return with admission to 

ICU 

1 (0.2) 3 (0.9) 4 (0.5) 

      

Any return to ED within 14 

days 

100 (22.2) 70 (21.7) 170 (22.0) 

 
Reason for return visit 

   

  
Worsening dyspnea 71 (15.7) 52 (16.1) 123 (15.9)   
Chest pain 12 (2.7) 8 (2.5) 20 (2.6)   
Fever 4 (0.9) 6 (1.9) 10 (1.3)   
Sepsis 2 (0.4) 2 (0.6) 4 (0.5)   
Unable to ambulate 4 (0.9) 3 (0.9) 7 (0.9)       

Death within 30 days 0 (0.0) 4 (1.2) 4 (0.5) 

ICU, intensive care unit; ED, emergency department 
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Table 3: Unadjusted and adjusted odds ratios from multivariable logistic regression 

analysis to identify factors associated with return to hospital with admission within 14 days 

of ED discharge 
 

Variable Unadjusted OR (95% CI) Adjusted OR (95% CI)* 

Discharged with antibiotics 0.55 (0.33-0.92) 0.65 (0.38-1.08) 

History of heart failure 1.52 (0.79-2.93) 1.31 (0.66-2.62) 

Age 0.99 (0.97-1.02) 0.99 (0.97-1.02) 

Arrival by ambulance 1.95 (1.16-3.26) 1.49 (0.87-2.53) 

On home oxygen 2.30 (1.30-4.06) 2.06 (1.13-3.74) 

Person who currently smokes 1.71 (0.94-3.09) 1.71 (0.93-3.15) 

COPD Risk Score 1.39 (1.18-1.63) 1.32 (1.12-1.56) 

OR, odds ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease 

*Adjusted for all other variables in the model 
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Table 4: Propensity score matched characteristics of patients discharged with and without 

antibiotics 
    

Antibiotics on 

discharge 

No antibiotics 

on discharge 

Standardized 

difference 
   

n = 197 n = 197 
 

Age, mean years (SD) 69.4 (10.7) 70.1 (10.8) -0.06 

Female 
 

105 (53.3) 99 (50.3) 0.06 

Arrival status 
   

 
CTAS 

  
0.18   

1 0 (0.0) 3 (1.5) 
 

  
2 72 (36.6) 79 (40.1) 

 

  
3 118 (59.9) 104 (52.8) 

 

  
4 7 (3.6) 10 (5.1) 

 

  
5 0 (0.0) 1 (0.5) 

 

 
Arrival by EMS 77 (39.1) 84 (42.6) -0.07  
Tachycardia (HR ≥ 100) 67 (34.0) 63 (32.0) 0.04  
Tachypnea (RR ≥ 20) 138 (70.1) 146 (74.1) -0.09  
Hypotension (SBP < 90) 0 (0.0) 1 (0.5) -0.10  
Hypoxia (SpO2 < 88) 8 (4.1) 7 (3.6) 0.03  
Fever (T ≥ 38) 6 (3.1) 2 (1.0) 0.15  
Duration of respiratory 

distress, mean hours (SD) 

65.6 (54.5) 62.0 (53.7) 0.07 

Past medical history 
   

 
COPD 189 (95.9) 188 (95.4) 0.02  
Heart failure 25 (12.7) 28 (14.2) -0.04  
Intubation for respiratory 

distress 

6 (3.1) 5 (2.5) 0.03 

 
MI or angina 35 (17.8) 38 (19.3) -0.04  
CABG or PCI 24 (12.2) 24 (12.2) 0.00  
Pacemaker 6 (3.1) 8 (4.1) -0.05  
Atrial fibrillation 22 (11.2) 15 (7.6) 0.12  
Peripheral vascular 

disease 

3 (1.5) 6 (3.1) -0.10 

 
Cancer 7 (3.6) 6 (3.1) 0.03  
Hypertension 97 (49.2) 83 (42.1) 0.14  
Stroke or TIA 18 (9.1) 20 (10.2) -0.03  
Diabetes 33 (16.8) 31 (15.7) 0.03  
Valvular heart disease 7 (3.6) 7 (3.6) 0.00  
Dementia 6 (3.1) 7 (3.6) -0.03  
Chronic renal failure 9 (4.6) 10 (5.1) -0.02 

Current home oxygen use 32 (16.2) 29 (14.7) 0.04 



88 
 

Person who smokes, current or 

former 

129 (65.5) 126 (64.0) 0.03 

Current respiratory 

medications 

   

 
Antibiotic 28 (14.2) 32 (16.2) -0.06  
Oral steroid 28 (14.2) 26 (13.2) 0.03  
Inhaled beta-agonist 175 (88.8) 178 (90.4) -0.05  
Inhaled anticholinergic 134 (68.0) 133 (67.5) 0.01  
Inhaled steroid 132 (67.0) 139 (70.6) -0.08 

Treatment received in the ED 
   

 
Inhaled beta-agonist 151 (76.7) 165 (83.8) -0.18  
Antibiotic (IV or PO) 73 (37.1) 65 (33.0) 0.09  
Systemic steroid (IV or 

PO) 

118 (59.9) 121 (61.4) -0.03 

 
Noninvasive ventilation 3 (1.5) 1 (0.5) 0.10 

Chest radiography 
   

 
Normal 151 (76.7) 158 (80.2) -0.09  
Pneumonia 14 (7.1) 10 (5.1) 0.08  
Pleural effusion 16 (8.1) 15 (7.6) 0.02  
Cardiomegaly 17 (8.6) 15 (7.6) 0.04  
Pulmonary congestion 9 (4.6) 10 (5.1) -0.02 

Secondary diagnosis 
   

 
Heart failure 3 (1.5) 3 (1.5) 0.00 

COPD Risk Score, mean (SD) 1.0 (1.4) 0.9 (1.3) 0.08 

SD, standard deviation; CTAS, Canadian Triage Acuity Scale; HR, heart rate; RR, respiratory rate; SBP, systolic 

blood pressure; SpO2, peripheral oxygen saturation; T, temperature; COPD, chronic obstructive pulmonary disease; 

MI, myocardial infarction; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; TIA, 

transient ischemic attack; ED, emergency department; IV, intravenous; PO, per os 
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Table 5: Propensity score matched outcomes of patients discharged with and without 

antibiotics 
    

Antibiotics on 

discharge 

No antibiotics 

on discharge 

OR (95% CI) 

   
n = 197 n = 197 

 

      

Return with admission to 

hospital within 14 days 

15 (7.6) 19 (9.6) 0.69 (0.29-1.62) 

 
Return with admission to 

ICU 

0 (0.0) 1 (0.5) 
 

      

Any return to ED within 14 

days 

42 (21.3) 38 (19.3) 1.12 (0.66-1.89) 

 
Reason for return visit 

   

  
Worsening dyspnea 28 (14.2) 28 (14.2) 

 

  
Chest pain 6 (3.0) 7 (3.6) 

 

  
Fever 2 (1.0) 2 (1.0) 

 

  
Sepsis 1 (0.5) 1 (0.5) 

 

  
Unable to ambulate 2 (1.0) 2 (1.0) 

 

      

Death within 30 days 0 (0.0) 2 (1.0) 
 

OR, odds ratio; CI, confidence interval; ICU, intensive care unit; ED, emergency department 

*Adjusted for all other variables in the model 
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CHAPTER FIVE: DISCUSSION 

 

 

5.1 Interpretation of the Results 

5.1.1 Results of systematic review and meta-analysis 

In Chapter Three, a systematic review and meta-analysis was conducted to examine 

randomized controlled trials (RCTs) comparing antibiotics to placebo for patients with AECOPD 

managed in the outpatient setting.  A frequentist random effects meta-analysis resulted in a wide 

confidence interval of the estimation of the pooled treatment effect, compatible with a large (up 

to 50%) reduction in the risk of treatment failure or a small (up to 1%) increase in risk.  A 

secondary post hoc Bayesian meta-analysis using weakly informative priors revealed a posterior 

probability of 97.6% of treatment benefit with antibiotics. 

The small number of studies eligible for inclusion limited the frequentist random effects 

meta-analysis and led to an imprecise estimate of the pooled treatment effect.  In this situation 

with a small sample size, Bayesian methods are thought to be more effective for meta-analyses 

(1).  The subsequent Bayesian analysis provided a result that is easier to interpret and more 

clinically informative.  Not only did the Bayesian meta-analysis determine a very high 

probability of treatment benefit with antibiotics, the empiric cumulative distribution function was 

also able to provide estimations of the posterior probabilities of moderate (RR < 0.80) and large 

(RR < 0.70) treatment benefit. 

 

5.1.2 Results of logistic regression and propensity score matched analyses 

 In Chapter Four, a secondary analysis of prospectively collected data was performed to 

examine the association between treatment with antibiotics and rehospitalization within 14 days 

for patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) 
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discharged from the emergency department.  There was an association between treatment with 

antibiotics and lower rehospitalization in the unadjusted bivariate logistic regression analysis.  

However, this association was no longer statistically significant after adjustment for prespecified 

clinically relevant covariates in the multivariable logistic regression analysis.  Propensity score 

matched analysis also did not demonstrate a statistically significant association between 

antibiotics and lower rehospitalization. 

 Based on visual inspection of the frequency tables and confidence intervals, there seemed 

to be a trend towards benefit for treatment with antibiotics.  The confidence intervals of the point 

estimates from both logistic regression and propensity score matched analyses were wide, which 

indicates substantial uncertainty.  Given the low numbers of events for the primary outcome as 

well as the small sample sizes for both analyses, there was a substantial risk of Type II error.  

To estimate the risk of Type II error, power calculations can be performed.  Based on the 

results of the study, 10% can be used as an approximate estimation of the incidence of the 

primary outcome.  A reasonable clinically important difference would be a 25% relative risk 

reduction in the primary outcome (2.5% absolute risk difference).  Using an alpha value of 0.05 

and a sample size of 323 (the smaller of the two groups in the logistic regression analysis) would 

then result in a power of approximately 0.20 and an 80% chance of Type II error.  In the 

propensity score matched analysis, the sample size of 197 equates to a power of approximately 

0.14 and an 86% chance of Type II error. 

There were no important differences in the secondary outcomes of the propensity score 

matched analysis.  Similar numbers of patients returned to the emergency department overall 

(with or without admission) and the distribution of reasons for the return visit as well as all-cause 

mortality within 30 days were also similar between antibiotic and no antibiotic groups.  As these 
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secondary outcomes also had low event rates, the results are purely speculative, and it is difficult 

to make any definitive conclusions. 

Another finding in the logistic regression analysis was that home oxygen and higher 

COPD risk score were associated with increased rehospitalization.  These findings were 

consistent in both unadjusted and adjusted analyses.  These factors represent patients who are 

more comorbid and with more severe disease so it is not surprising that they would be associated 

with an increased risk of rehospitalization for patients discharged with AECOPD.  Furthermore, 

home oxygen therapy has been previously shown to be associated with worse outcomes for 

emergency department patients with AECOPD and higher COPD risk score has been validated to 

predict higher risk of short-term serious outcomes (2,3).  This interesting finding is hypothesis 

generating and represents a potential area that can be incorporated into future research. 

 

5.1.2 Overall interpretation of the results 

The results of the two studies presented in this thesis, when considered together and in 

the context of previous literature, indicate a likely benefit for treatment with antibiotics in the 

management of AECOPD in the outpatient setting.  While the true magnitude of the treatment 

effect is difficult to determine based on the current analysis, the overall benefit of antibiotics in 

the outpatient population is likely modest.  

 

5.2 Previous Literature 

There have been no previous studies examining the impact of antibiotic treatment on 

patients with AECOPD in the emergency department setting.  Multiple previous RCTs have 

compared antibiotics and placebo for patients from outpatient clinics and hospitalized patients 
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with AECOPD.  While emergency department patients who are admitted to the hospital are 

comparable to inpatients, it is difficult to find a population that is comparable to emergency 

department patients who are discharged. 

In addition to differences in patient populations, there are also considerable variations in 

the treatment regimens used, the definitions of treatment success, as well as the rates of treatment 

success or failure in previous studies.  It is unclear whether some of the sample size calculations 

in previous studies were based on accurate estimations of treatment success or failure rates.  That 

is, it is possible that some of the previous studies may have been underpowered to detect the 

likely modest treatment effect of antibiotics. 

 

5.2.1 Previous inpatient RCTs 

A recent RCT conducted in one hospital in China enrolled 194 hospitalized patients with 

AECOPD who had procalcitonin levels less than 0.1ng/mL and compared treatment with 

antibiotics versus placebo.  The primary outcome was treatment success at 10 days and was seen 

in 93.7% of patients in the antibiotics group and 95.8% of patients in the placebo group.  Patients 

with fever, pneumonia, or who were immunocompromised were excluded.  The most common 

antibiotic used was piperacillin-sulbactam and the duration was not standardized.  Furthermore, 

this study was also not blinded and no information was provided about other AECOPD 

treatments (4). 

Another RCT conducted in two hospitals in the Netherlands assigned 265 episodes of 

AECOPD requiring hospitalization to either doxycycline or placebo for seven days.  Patients 

with fever or radiographic evidence of pneumonia were excluded.  All enrolled patients received 

concomitant treatment with bronchodilators and corticosteroids.  The primary outcome, clinical 
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cure at 30 days, was observed in 51% in the doxycycline group and 41% in the placebo group, 

though this difference was not statistically significant.  One of the secondary outcomes, clinical 

cure at 10 days, was seen in 67% in the doxycycline group and 51% in the placebo group and 

this difference was statistically significant (5).  The sample size in this study was determined 

based on a previous RCT on outpatients with AECOPD where clinical success was seen in 52% 

and 67% of patients treated with placebo and antibiotics, respectively (6).  Interestingly, a 

secondary analysis of the data showed that doxycycline had a bigger treatment effect in patients 

with procalcitonin levels below 0.1ng/mL compared to those with procalcitonin above 0.1ng/mL 

(7). 

Another RCT of 90 hospitalized patients with AECOPD in Spain did not show any 

differences in spirometry or clinical evaluation at hospital discharge when comparing treatment 

with cotrimoxazole, amoxicillin-clavulanic acid, or placebo (8). 

 

5.2.2 Previous outpatient RCTs 

Studies conducted in outpatient settings have demonstrated similar mixed results.  A 

recent RCT conducted in multiple outpatient clinics in the Netherlands assigned 305 patients 

with AECOPD to either treatment with doxycycline or placebo.  The primary outcome was time 

to next exacerbation, which was similar between the two groups.  One of the secondary 

outcomes was treatment non-response at 21 days and this was seen in 21% of patients treated 

with doxycycline and 31% of patients treated with placebo.  The difference in this secondary 

outcome was not statistically significant (9). 

 Another RCT conducted in multiple primary care centres in Spain assigned 318 

outpatients with AECOPD to either amoxicillin-clavulanic acid or placebo.  The primary 
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outcome was clinical cure at days 9 to 11, which was seen in 74.1% of the amoxicillin-clavulanic 

acid group and in 59.9% of the placebo group.  This difference was statistically significant.  

Among their secondary outcomes they also found that the antibiotic group had significantly 

higher rates of clinical cure at day 20 and prolonged time to next exacerbation compared to 

placebo (10). 

 Another RCT from general practice clinics in Denmark assigned 268 outpatients with 

acute exacerbations of chronic bronchitis to either amoxicillin or placebo for seven days.  The 

primary outcome was treatment success at day eight, which was seen in 63% of the amoxicillin 

group and 64% of the placebo group (11). 

 

5.2.3 Previous systematic reviews 

 A recent systematic review that examined all pharmacologic interventions for AECOPD 

and concluded that antibiotics reduce treatment failure.  Multiple outcomes were assessed and no 

differentiation was made between inpatients and outpatients.  Antibiotics were found to be 

associated with the outcome of increased exacerbation resolution (OR 2.03; 95% CI 1.47 to 2.80) 

in a meta-analysis of three RCTs.  Antibiotics were also found to be associated with the outcome 

of decreased treatment failure (OR 0.54; 95% CI 0.34 to 0.86) in a meta-analysis of two RCTs.  

There were no statistically significant differences in other outcomes including mortality, quality 

of life, need for intubation, or repeat exacerbations (12).    

 Two previous Cochrane systematic reviews have also examined the effect of antibiotics 

on the primary outcome of treatment failure for AECOPD and differentiation was made between 

inpatients and outpatients.  In 2012, Vollenweider and colleagues included five outpatient RCTs 

that used currently available medications in a meta-analysis and did not find a statistically 
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significant association between antibiotics and lower rates of treatment failure within four weeks 

(RR 0.80; 95% CI 0.63 to 1.01).  For inpatients, three RCTs were included and there was a 

statistically significant association between antibiotics and lower treatment failure (RR 0.77; 

95% CI 0.55 to 0.92) (13).  

In 2018, the same review was updated by Vollenweider and colleagues and seven 

outpatient RCTs were included in a meta-analysis, which showed a statistically significant 

association between antibiotics and lower rates of treatment failure within four weeks (RR 0.72; 

95% CI 0.56 to 0.94).  For inpatients, four RCTs were included and interestingly the association 

between antibiotics and treatment failure was no longer statistically significant (RR 0.65; 95% CI 

0.38 to 1.12) (14). 

For both the 2012 and 2018 Cochrane systematic reviews, an outpatient RCT was 

included in the meta-analyses that included patients with asthma (15).  This RCT was excluded 

from the meta-analysis in Chapter Three of this thesis.  The small sample size and low event rate 

of the RCT in question, however, likely would not have made a significant impact on the overall 

results.  While the existing systematic reviews on this topic all seem to have similar results, they 

all suffer from the small number of studies available for analysis resulting in volatile results and 

wide confidence intervals of the estimations of the treatment effect. 

 

5.3 Strengths 

5.3.1 Strengths of the systematic review and meta-analysis 

 The systematic review was performed using a comprehensive search strategy developed 

and peer-reviewed by health science librarians.  Two separate statistical approaches were utilized 

in conducting the meta-analysis and both revealed similar results.  This systematic review and 
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meta-analysis examining the impact of antibiotics for AECOPD was first to use Bayesian 

methods, which rendered a result that is more easily interpreted and clinically useful than 

previous frequentist analyses. 

 

5.3.2 Strengths of the secondary analysis 

The secondary analysis of prospectively collected data from multiple Canadian tertiary 

care hospitals was the first study to examine the impact of antibiotics on patients with AECOPD 

in the emergency department setting.  The outcomes assessed were relevant and patient oriented.  

The patient cohort was well-defined with few missing data.  The statistical methods, namely both 

logistic regression and propensity score matching, were robust and demonstrated similar results. 

 

5.4 Limitations 

5.4.1 Limitations of the systematic review and meta-analysis 

The first limitation of the systematic review was that there were only a small number of 

RCTs available for analysis.  The sample sizes of the available RCTs were also generally small.  

The small number of RCTs and small sample sizes limited the meta-analysis and resulted in an 

imprecise estimate of the pooled treatment effect. 

The second limitation was that there was considerable heterogeneity in the definitions of 

treatment failure, antibiotic treatments used, and cotreatment with corticosteroids.  

Unfortunately, this seems to be an inherent shortcoming of having multiple separate studies done 

on this question across different settings, with different patient populations, and during different 

time periods.  In a clinical context, however, the definitions of treatment failure and antibiotic 
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regimens used in previous studies were likely still similar enough to allow pooling of data in a 

meta-analysis.   

The third limitation was that there were two citations for which the full text was not 

obtainable.  Both of these citations, however, were from over 30 years ago, limiting the 

applicability of their data, and they were also not included in other systematic reviews on this 

topic (12–14). 

The fourth limitation was that outcomes such as hospitalization, admission to ICU, or 

death were not assessed.  Few studies of patients with AECOPD treated in the outpatient setting 

report these outcomes, likely because they are rare occurrences.  Nonetheless, they are important, 

patient-oriented outcomes that may be relevant to include in future studies.  

 

5.4.2 Limitations of the secondary analysis 

Perhaps the most significant limitation was that the sample size and event rate for the 

primary outcome were both relatively small.  As this study was a secondary analysis, the sample 

size was determined by the original patient cohort from the parent study.  As a result, the degrees 

of freedom in the multivariable logistic regression analysis were limited and the inclusion of all 

relevant patient characteristics was not possible.  The propensity score matched analysis was able 

to generate two comparable cohorts with similar prognostic baseline characteristics.  However, 

the matching process precluded the analysis of the entire cohort and further limited the sample 

size available for analysis.  Neither analysis demonstrated a significant association between 

antibiotic treatment and lower rehospitalization but the risk of Type II error was high in both 

analyses. 
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 Another important limitation was that data about exacerbation phenotype, including the 

cardinal symptoms of sputum volume and purulence, were not available.  Data about laboratory 

biomarkers such as C-reactive protein, eosinophil count, procalcitonin were also not available.  

As a result, it was not possible to analyze the benefit of antibiotics for specific patient subgroups, 

such as the exacerbation types defined by Anthonisen or patients with exacerbations of infectious 

compared to non-infectious etiologies (6,16). 

 A third potential limitation was that the original Ottawa COPD Risk Score validation 

study (from which the secondary analysis data was obtained) had a proportion of eligible patients 

who missed enrollment (3).  The validation study enrolled consecutive eligible patients from the 

emergency department however 1,304 out of 2,719 total eligible patients missed enrollment.  

Most of these patients were missed due to unavailability of research staff and a smaller 

proportion due to patient refusal.  While there is no data on the patients who missed enrollment, 

the reasons for their exclusion should not introduce significant bias to the research question.  

 

5.4.3 Definition of treatment failure 

A limitation that is common to both projects in this thesis is that the definition of 

treatment failure in the treatment of AECOPD is not well established.  There is substantial 

variation in the definitions of treatment failure or success used in previous studies, each with 

their own advantages and disadvantages (17).  

Patient reports of symptom improvement or resolution may be subjective and patients can 

sometimes have prolonged symptoms up to 35 days after an exacerbation.  Composite outcomes 

of treatment failure, like many other composite outcomes, have the downside of containing 

outcomes of varying clinical importance.  Due to the dynamic nature of exacerbations, the 
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optimal timepoint for assessing these outcomes is also unclear and could affect the results of 

clinical trials (18). 

A recent methodologic review proposes that clinical cure should be an outcome assessed 

in all COPD trials.  The European Respiratory Society core outcome set panel recommends that 

clinical cure should be defined as sufficient improvement in signs and symptoms such that no 

additional systemic treatments are required (18).  It has also been proposed that evaluation of 

treatment success in AECOPD may be most clinically relevant in the first 14 days immediately 

following initiation of therapy (17). 

 

5.5 Clinical Implications 

 Acute exacerbations of COPD are heterogeneous and there are likely subsets of patients 

who benefit more from antibiotics than others.  These groups of patients are not easily 

identifiable based on current evidence. 

Patients with fever, immunocompromise, and signs of pneumonia on chest radiography 

were usually excluded from previous trials as treatment with empiric antibiotics is considered 

standard of care for these patients.  Patients with increased sputum volume and purulence should 

also likely receive antibiotics based on previous RCT data and current international guidelines 

(6,19).  Laboratory biomarkers such as C-reactive protein and procalcitonin can also provide 

meaningful datapoints in helping clinicians decide when to initiate antibiotics, though these tests 

are not universally available and standard cut-off points are not well established (20,21).   

Ultimately, the decision to prescribe antibiotics should integrate all clinical data, the best 

available evidence, provider clinical judgement, as well as patient preference. 
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5.6 Research Implications 

 A substantially large multicentre RCT would be needed to properly address the clinical 

question of whether antibiotics confer benefit for AECOPD managed in the outpatient setting.  

Previous negative trials on this topic have demonstrated trends towards benefit and were likely 

underpowered.  The main issue is that, based on currently available evidence, the benefit of 

antibiotics is likely modest and the sample size calculation of a future trial needs to incorporate a 

realistic, correspondingly small, clinically meaningful difference in the treatment effect.  The 

definition of treatment success or failure needs to be standardized and objective and incorporate 

a timepoint that reflects the usual short courses of treatment that patients with AECOPD 

typically receive. 

 Future research should also focus on the impact of biomarkers and exacerbation 

phenotype, as certain subgroups may reveal a larger treatment benefit for antibiotics while other 

subgroups may reveal no benefit at all.  These prognostic variables would be critical data to 

collect and analyze in any future studies. 

The risk and clinical impact of adverse effects caused by antibiotics in patients with 

AECOPD is also unclear.  It may be difficult to collect this data, however, due to patients with 

AECOPD usually receiving multiple medications such as corticosteroids and bronchodilators at 

the same time.  In addition to traditional outcomes used to assess medication side effects, it may 

also be worthwhile for future studies to evaluate pragmatic outcomes such as quality of life and 

overall symptom burden. 
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5.7 Conclusion 

This thesis examined the impact of antibiotics in the outpatient management of AECOPD 

through a systematic review and meta-analysis of all available RCTs as well as a secondary 

analysis of prospectively collected data from emergency department patients.  When considering 

the results of these two studies in the context of previous literature, treatment with antibiotics 

likely provides a modest benefit in the outpatient management of AECOPD.  This conclusion, 

however, is not definitive given methodologic limitations and limitations in the data of existing 

trials.  It is also unclear what magnitude of benefit antibiotics provide as well as for which 

patient subgroups antibiotics would benefit most.  Further research on these topics is needed to 

help guide clinicians in providing targeted management of patients with AECOPD and minimize 

the use of unnecessary antibiotics. 
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