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Chronic Obstructive Pulmonary Disease 
Chronic Obstructive Pulmonary Disease (COPD) is a progressive and irreversible disease 
typified by a gradual worsening of pulmonary function, with tobacco smoke being the 
most important risk factor. COPD develops over time and usually becomes manifest in 
people over 45 years of age. COPD is clinically characterized by symptoms like cough, 
sputum production and/or dyspnoea. The diagnosis is confirmed by spirometric testing 
and accordingly has four stages, from mild (GOLD stage 1) to very severe (GOLD stage 
4).1  
 
COPD poses a major health problem and has large consequences for patients and the 
community. According to World Health Organization (WHO) estimates, 210 million 
people have COPD, and globally more than 3 million people died of COPD in 2005, 
corresponding to 5% of all deaths. In European countries COPD frequencies vary from 
4–10% of the adult population; and approximately 200,000–300,000 people die each year 
because of COPD (based on estimates of the WHO in 42 European countries; 1990).2 In 
the European Union, the total direct costs of respiratory disease are estimated to be about 
6% of the total health care budget, with COPD accounting for 56%: 38.6 billion Euros 
(2001, ERS European Lung White Book).2 COPD is among the top ten causes of death 
and is continuing to increase in both prevalence and mortality. By 2020, it is expected that 
COPD will be the third-leading cause of death worldwide. The impact of disease can be 
reduced through policies aimed at better diagnosis, evaluation, and management, and 
improved prevention. Optimal treatment of acute exacerbation of symptoms is a major 
objective in this chain of measures. 
 
An exacerbation of COPD is generally defined as an event in the natural course of the 
disease characterized by a change in the patient’s baseline dyspnoea, cough, and/or 
sputum that is beyond normal day-to-day variations, is acute in onset, and may warrant a 
change in regular medication.1 The most common causes of exacerbation are lower airway 
infection and air pollution, but the cause of about one-third of severe exacerbations is still 
unknown.1  
 
Adequate treatment and reduction of the frequency of exacerbations are extremely 
important. Each exacerbation may have a large and sustained effect on health status. 
Although the initial recovery can be relatively short, the period to full recovery may be 
long (weeks).3 However, a number of patients does not fully recover to baseline 
symptoms,4,5 and a decline in FEV1 as a result of exacerbations might contribute to the 
process of deterioration of lung function.6-8 Patients with frequent exacerbations have a 
lower quality of life, an increased risk of hospital admission and greater mortality, and 
generate more costs than patients with less frequent exacerbations.  
 
In the Netherlands, the majority of patients with an exacerbation of COPD is treated by 
their general practitioner. Treatment usually includes adaptation of daily-used respiratory 
drugs and/or addition of antibiotics and systemic corticosteroids. The scope of this thesis 



Chapter 1 
______________________________________________________________________ 

 12 

is the treatment with antibiotics and/or corticosteroids in patients with an exacerbation of 
COPD.  
 

 
Role of antibiotics in the treatment of exacerbations 
Bacteria are since long considered to play a role in exacerbation of COPD. The most 
prevalent respiratory pathogens are S. pneumoniae, H. influenzae and M. catarrhalis. Especially 
nontypeable H. influenzae is known for contributing to the process of colonisation and 
infection.9-12 The presence of new bacterial strains increases the risk of an exacerbation.13 
Inflammation is increased at the time of an exacerbation,14-16 is also related to recurrent 
exacerbations,17 and contributes substantially to the overall mortality in COPD 
patients.18,19 During exacerbations, at least 50% of patients are found to have bacteria in 
high concentrations in their lower airways.20-22 Bacterial colonisation was related to a 
higher frequency of exacerbations in patients with moderate to severe COPD, suggesting 
the clinical relevance of the presence of bacteria in the lower airways.23 Development of 
specific immune responses to the causative bacteria, and neutrophilic inflammation during 
exacerbations support the bacterial cause of a part of all exacerbations. New insights show 
that underlying mechanisms of exacerbations are more complicated than simple changes 
in concentrations of bacteria, and emphasize the importance of the host–pathogen 
interaction in bacterial infection in COPD.24   
 
Both bacteria and viruses may interact in a complex inflammatory process,25-27 and besides 
bacteria, viruses are studied for their role in inducing exacerbations.28 Respiratory viruses, 
most commonly the human rhinovirus, respiratory syncytial virus, influenza virus-A, or 
parainfluenza virus, infect and replicate in airway epithelial cells, causing epithelial damage 
and inducing production of proinflammatory mediators, such as IL-8 and IL-6, thus 
contributing to enhanced airway inflammation. This makes patients with a respiratory 
virus infection susceptible to a secondary bacterial infection, which may lead to an 
exacerbation in COPD patients.25-27 
 
Antibiotic treatment in exacerbation of COPD is beneficial especially in patients with 
severe symptoms, and patients with a low baseline expiratory flow rate.29-31 A recent 
Cochrane review showed that in COPD exacerbations with increased cough and sputum 
purulence antibiotics, compared with placebo, reduced the risk of short-term mortality 
(RR 0.23; 95% CI 0.10 to 0.52), and decreased the risk of treatment failure (RR 0.47; 95% 
CI 0.36 to 0.62) and the risk of sputum purulence at the end of treatment (RR 0.56; 95% 
CI 0.41 to 0.77). However, analysis restricted to community-based studies did not show 
these differences. The review supports the use of antibiotics for patients with COPD 
exacerbations with increased cough and coloured sputum who are moderately or severely 
ill.32 In addition, a later systematic review showed that antibiotics did not reduce treatment 
failures in outpatients with mild to moderate exacerbations.33 In a primary healthcare 
setting, antibiotic treatment was shown to neither accelerate recovery nor reduce the 
number of relapses in COPD patients with exacerbations.34 



Introduction 
______________________________________________________________________ 

 13 

Most studies on antibiotic therapy in exacerbations of COPD evaluated short term 
recovery from exacerbation with a follow-up period of only a few weeks. The long-term 
effects of antibiotic treatment have not been studied extensively. 
 

 
Emerging resistance of respiratory pathogens 
Whereas specific groups of patients with exacerbation of COPD may profit from 
antibiotic treatment, the widespread use of antibiotics goes together with increasing 
resistance rates among most respiratory pathogens.35 Total consumption of antibiotics is 
the main driving force of this development.36,37 This forces physicians to careful 
consideration in prescribing antibiotics; over-prescription should be avoided. The 
Netherlands are known for having the lowest total antibiotic use and accordingly the 
lowest resistance rates of pathogens in Europe37. Nevertheless, about half of the antibiotic 
prescriptions for respiratory tract infections in Dutch general practice were still criticized 
as being unnecessary.38,39 Resistance develops during treatment in the infecting pathogen 
as well as in the commensal bacteria, due to selective pressure of antibiotic treatment. 
Resistance mutations, already present, may become dominant and new resistant strains 
may emerge. Dose and duration of therapy are both of influence on the development of 
resistance. The antibiotic concentration should be high enough to prevent the growth of 
first-step mutants (the mutant prevention concentration, MPC). Suboptimal, prolonged or 
repeated antibiotic treatment facilitates the emergence of resistance strains of pathogens. 
Antibiotic courses in COPD exacerbation are usually prescribed for ten days, more based 
on tradition than on evidence-based guidelines. Studies performed in outpatient children 
and hospitalized adults with community-acquired pneumonia demonstrated that a 3-day 
course of amoxicillin was equally effective compared to a conventional long treatment.40-42 
Provided that this is equally efficacious, a shorter duration of antibiotic courses could 
contribute to contain growing resistance rates of respiratory pathogens.  
  

Short course high-dose systemic corticosteroids in exacerbations 
A short course of high-dose systemic corticosteroids is the other main stem of treatment 
in exacerbation of COPD. Studies conducted in clinical settings showed that a short 
course of high-dose systemic corticosteroids resulted in a more rapid improvement in 
expiratory flow rate43,44 and dyspnoea score,43,45 a shorter hospital stay44 and a decrease in 
the rate of treatment failure. A Cochrane review reported significant reduction of 
treatment failure and need for additional treatment, and an increase in lung function and 
improvement in shortness of breath over the first 72 hours.46 It was concluded that there 
is evidence to support the early use of oral or parenteral corticosteroids for exacerbation 
of COPD. However, this was associated with an increased likelihood of adverse reactions, 
especially the risk of hyperglycaemia. One extra adverse effect occurred for every 6 people 
treated.  
 
Patients in the included studies were predominantly hospitalized or outpatients who had 
severe exacerbations. In the primary care setting, with the majority of patients classified as 
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GOLD 1 or 2 (meaning mild to moderate COPD),47 and probably having less severe 
exacerbations, the question is whether a short course of oral corticosteroids as therapy of 
first choice will also lead to a better patient outcome. 
 

 
Guidelines for the treatment of COPD exacerbation in primary 
healthcare 
In several Western European countries, in the majority of cases, care for COPD patients 
is delivered by general practitioners. In the Netherlands, 80% of COPD patients 
monitored by the GP has mild or moderate disease.47 Also in the care for patients with 
more severe disease the general practitioner can play a central role, supported by practice 
assistants and –nurses, e.g. when multi-disciplinary care is requested. Only in a small 
proportion of patients care is taken over by a pulmonologist.  
 
International evidence-based COPD guidelines for clinical practice are available, for 
example The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guideline,1 
the combined ATS/ERS guideline,48 and the NICE guideline.49 The Dutch College of 
General Practitioners (NHG) developed a guideline for the diagnosis and treatment of 
COPD in general practice.50 This guideline states that in the majority of exacerbations, 
treatment with bronchodilators is sufficient, but if not, a course of oral corticosteroids (30 
mg for 7–14 days) should be prescribed. Antibiotics are advised only in acute severe 
dyspnoea with symptoms of clinical infection, a low baseline flow rate (forced expiratory 
volume in 1 second [FEV1] <30%), or insufficient recovery after 4 days.  
 
Despite wide availability of guidelines for COPD, implementing them is a complex 
process. Many reports have indicated that guidelines in general are underused by 
physicians and others, and that there are many barriers to an effective translation of 
recommendations into daily practice.51,52 In the Netherlands, an average of 61% of 
recommendations from primary care guidelines was followed.53 
 
 
 

Outline of this thesis 
This thesis aims to add evidence for antibiotic therapy and treatment with short course 
oral corticosteroids in exacerbation of COPD in primary and secondary care.   
  
The chapters two and three of this thesis present the results of two studies on the 
treatment of exacerbations of COPD in the primary care-setting in the Netherlands. 
Chapter 2 explores how in daily practice exacerbations are treated, using data derived 
from the electronic medical records from four primary healthcare centres participating in 
the GP-based continuous morbidity registration network of the Department of General 
Practice from the Academic Medical Centre - University of Amsterdam. The results were 
compared with current guidelines for treating exacerbations of COPD, in particular 
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whether short courses of oral corticosteroids and antibiotics were prescribed in 
accordance with the Dutch guideline for COPD.50 Based on the results of this study, a 
randomized controlled trial was designed to investigate whether patient outcomes in 
exacerbations of COPD or chronic bronchitis could be improved through optimizing the 
treatment regimen. A standardized treatment with a high-dose oral corticosteroid course 
and antibiotic treatment strictly in accordance with the Dutch guideline for COPD was 
compared with the current usual care. This study is reported in Chapter 3.  
 
As antibiotic use drives the emergence of resistant micro-organisms, the next two chapters 
discuss the shortening of duration of antibiotic therapy. Chapters 4 presents the results of 
a systematic review and meta-analysis of randomized controlled trials in acute 
exacerbations of chronic bronchitis and COPD, mainly in patients with type 1 or 2 
exacerbation, i.e. having at least two of the following criteria: increased dyspnoea, 
increased sputum volume and increased purulence.30 Antibiotic treatment up to five days 
was compared with treatment for longer than five days. Chapter 5 reports the results of a 
randomized clinical trial comparing the efficacy and safety of a short (three-day) treatment 
period with that of the standard ten-day treatment with amoxicillin–clavulanic acid in 
hospitalised patients with COPD exacerbation who had improved substantially after initial 
therapy for three days.  
 
The last two studies originated from large community-based datasets, offering the unique 
opportunity to evaluate the long-term effects of addition of antibiotics in the treatment of 
exacerbations. Patients were selected when aged 50 years or older, using maintenance 
respiratory drugs, and experiencing at least one exacerbation, defined as a prescription of 
oral corticosteroids without or with antibiotics. Chapter 6 is based on data from the 
Dutch Pharmo database, containing extensive data on pharmacy dispensing records from 
community pharmacies of more than two million residents of the Netherlands.54 Both 
prescriptions from general practitioners and from medical specialists were registered. 
Patients described in Chapter 7 were known with their general practitioners with a 
diagnosis of COPD. Data were derived from the Second Dutch National Survey of 
General Practice (DNSGP-2), carried out by the Netherlands Institute for Health Services 
Research (NIVEL) in 2001,55 completed with data from the National Information 
Network of General practice (LINH).56 The patients in the DNSGP-2 practices are 
representative for the Dutch general population with respect to age, gender and type of 
health care insurance. Results shown provide a representative impression of the morbidity 
and prescribing routine in Dutch general practices. In both datasets we compared, using 
Kaplan-Meier survival analysis and Cox proportional hazard analysis, the time to a second 
and third exacerbation for patients treated with or without antibiotics, the risk of a 
subsequent exacerbation in these treatment groups and we studied the effect of antibiotic 
use on all-cause mortality.  
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