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Summary 
 
This thesis addressed three different aspects of the treatment of COPD exacerbations, 
resulting in three sets of chapters. The chapters 2 and 3 presented the results of studies on 
the treatment of COPD exacerbations in the primary care setting in the Netherlands: the 
study in chapter 2 explored how currently exacerbations are treated in daily practice, and 
in chapter 3 standardized treatment with a high-dose oral corticosteroid course and 
antibiotic treatment strictly in accordance with the Dutch guidelines for COPD was 
compared with current usual care. The chapters 4 and 5 dealt with the shortening of 
duration of antibiotic therapy in the treatment of acute exacerbations. Chapters 6 and 7, 
with results derived from two large community-based datasets, evaluated the long-term 
effects of treatment of COPD exacerbations; in particular the additional value of adding 
antibiotics to a treatment with oral corticosteroids was studied. 
 
In Chapter 2 we determined how general practitioners (GPs) treated exacerbations of 
COPD, in particular whether short courses of oral corticosteroids and antibiotics were 
prescribed in accordance with the Dutch guidelines for COPD.1 Medical records of 
patients registered at four primary healthcare centres in the Netherlands were 
retrospectively analysed. Of 35 589 patients, 458 were registered with a diagnosis of 
COPD (1.3%). Within 2 years follow-up, 47% of the patients had no exacerbation, 35% 
had one or two exacerbations, and 18% had three or more exacerbations. In 536 
exacerbations, GPs prescribed a short course of oral corticosteroids in 30% of cases, 
antibiotics in 29%, steroids combined with an antibiotic in 23%, and in 18% maintenance 
medication for COPD was adapted. Prescriptions in patients with one or two 
exacerbations during follow-up differed significantly from those in patients with three or 
more; in the latter group oral corticosteroid courses were prescribed more often, either as 
monotherapy or combined with antibiotics. We concluded that treatment was often not in 
accordance with current guidelines; in particular, antibiotics were prescribed more often 
than recommended. 
 
Chapter 3 presented the results of the randomized trial originating from the conclusions 
of the previous study, investigating whether patient outcomes in exacerbations of COPD 
or chronic bronchitis could be improved through optimizing the treatment regimen. 
Primary health care centres and general practices were randomly assigned to either the 
control arm (usual care) or the intervention study arm. The objective was to compare 
usual care with a standardized treatment regimen comprising a high-dose oral 
corticosteroid course, and antibiotics only prescribed strictly in accordance with the Dutch 
guideline for COPD. In order to discuss and refine the study protocol, a meeting was 
organised before the start of the study between the study team, the GPs in the 
intervention arm, and the pulmonologists of the referral hospitals involved. In the final 
analysis 89 patients were included, 53 in the intervention and 36 in the usual care (control) 
group. Oral corticosteroid courses were prescribed in 90% (48/53) of the exacerbations in 
the intervention group and in 75% (27/36) in the control group, and antibiotics in 19% 
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(10/53) and 44% (16/36), respectively. The health status of the patients was evaluated 
using the Clinical COPD Questionnaire (CCQ).2 This validated 10-item questionnaire is 
divided into three domains: symptoms, functional state and mental state. It utilises a 
seven-point Likert scale where 0 = asymptomatic/no limitations and 6 = extremely 
symptomatic/ total limitation. The final score is the mean of all items. At three weeks, the 
mean CCQ scores did not return to baseline levels in both study groups. The rates of cure, 
improvement and failure, based on the CCQ scores, did not differ (p=0.94) between both 
groups. The CCQ-scores improved compared to the score at enrolment in 46/53 (87%) 
patients in the intervention arm compared to 32/36 (89%) patients in the control arm. In 
7/53 (13%) and in 4/36 (11%) patients respectively the total CCQ score did not improve. 
At three months, 23% of patients in the intervention group and 25% of the control group 
had a recurrence of their exacerbation. We concluded that the study protocol was 
effectively implemented; however, compared to the current usual care, the standardized 
treatment regimen with a high-dose oral corticosteroid course did not improve short term 
outcomes of exacerbations in general practice. The number of antibiotic prescriptions, 
however, was reduced significantly without affecting patients’ short term outcome. 
 
Chapter 4 was concerned with short-course antibiotic treatment in acute exacerbations of 
chronic bronchitis and COPD and presents a meta-analysis of double-blind studies. 
Antibiotic treatment for up to five days versus longer than five days was compared in 21 
studies with a total of 10 698 patients. At early follow-up (<25 days), the summary odds 
ratio (OR) for clinical cure with short treatment versus conventional treatment was 0.99 
(95% CI 0.90 to 1.08). At late follow-up (≥ 17 and ≤ 45 days) the summary OR was 1.0 
(95% CI 0.91 to 1.10) and the summary OR for bacteriological cure was 1.05 (95% CI 
0.87 to 1.26). Similar summary ORs were observed for early cure in trials with the same 
antibiotic in both arms and in studies grouped by the antibiotic class used in the short-
course arm. We concluded that a short course of antibiotic treatment is as effective as the 
traditional longer treatment in patients with mild to moderate exacerbations of chronic 
bronchitis and COPD. 
 
In Chapter 5 the outcome of treatment with amoxicillin–clavulanic acid for three versus 
ten days was evaluated in hospitalised patients with a type 1 exacerbation of COPD. 
Patients who showed improvement after 72 h were randomised to receive oral amoxicillin-
clavulanic acid 625 mg or placebo, four times daily for 7 days. 56 patients were enrolled in 
the study. Cure rates of both treatment groups at three weeks and three months were 
comparable, although not confirmed statistically, due to the low number of included 
patients. Microbiological success, symptom recovery, the use of corticosteroids, the 
duration of oxygen therapy and the length of hospital stay were similar in both treatment 
groups. It was concluded that 3-day treatment with amoxicillin–clavulanic acid seemed to 
be a safe and effective alternative to the standard 10-day treatment for hospitalised 
patients with Acute Exacerbation of COPD (AECOPD) who have improved after initial 
therapy for 3 days. 
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In Chapter 6 we evaluated the risk of a subsequent exacerbation after treatment of an 
exacerbation with oral corticosteroids without or with antibiotics, in a historical 
population-based cohort comprising patients, aged 50 years or older, using maintenance 
medication for obstructive lung disease. The Pharmo database includes drug-dispensing 
records of more than 2 million subjects in the Netherlands.3 18 928 patients had at least 
one exacerbation, defined as a prescription of oral corticosteroids with or without 
antibiotics. At time of first exacerbation, treatment groups were comparable for potential 
confounding factors. Kaplan-Meier analysis showed a median time to the second 
exacerbation of 321 (99% CI 297-345) days in the oral corticosteroid group and 418 (99% 
CI 393-443) days in the oral corticosteroid and antibiotics group (p< 0.001); and between 
the second and third exacerbation the median time was 127 (99% CI 117-137) vs. 240 
(99% CI 222-258) days (p<0.001). Analyzing all exacerbations in a Cox proportional 
hazards model, the protective effect of oral corticosteroids and antibiotics was most 
pronounced during the first three months following treatment (HR 0.62; 99% CI 0.60–
0.65). Exposure to antibiotics between exacerbations, irrespective of indication, was also 
associated with a lower risk of a subsequent exacerbation.  Moreover, in the oral 
corticosteroids/antibiotics group mortality during follow-up was significantly lower (HR 
0.82; 99% CI 0.66-0.98). 
 
In Chapter 7 we extended the observations from the previous study to a well-defined 
COPD population using the Second Dutch National Survey of General Practice 
(DNSGP-2), carried out by the Netherlands Institute for Health Services Research 
(NIVEL) in 2001,4 completed with data from the National Information Network of 
General Practice (LINH).5 Eligible were patients aged 50 years or older with a registered 
diagnosis of COPD (according to the International Classification of Primary Care code 
R95),6 using maintenance respiratory drugs, who experienced at least one exacerbation, 
defined as a prescription of oral corticosteroids with or without antibiotics. The median 
follow-up time after the first exacerbation was 1353 (interquartile range 791-1649) days. 
842 patients had one or more exacerbations. A Kaplan-Meier analysis showed that the 
median time from first to second exacerbation was comparable for the oral corticosteroid 
only group and the oral corticosteroid/antibiotics group, but the median time from 
second to third exacerbation differed: 189 versus 258 days (p<0.01). In a Cox 
proportional hazard analysis in which all exacerbations were included, the protective effect 
of treatment with oral corticosteroids and antibiotics was most pronounced during the 
first three months following treatment (HR 0.72; 95%CI 0.62–0.83). Exposure to 
antibiotics unrelated to a course of oral corticosteroids almost halved the risk of a new 
exacerbation (HR 0.56; 95% CI 0.48-0.71). All-cause mortality during follow-up was 
considerably lower in the oral corticosteroid and antibiotics group (HR 0.62; 95%CI 0.45–
0.87). We concluded that adding antibiotics to oral corticosteroids was associated with a 
reduced risk of a subsequent exacerbation, especially in patients with recurrent 
exacerbations. Also a reduction in all-cause mortality was found in those patients treated 
with oral corticosteroids and antibiotics. 
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General Comments 
 

Consequences for daily practice, and further research 
In the long-term follow-up, we showed that adding antibiotics to oral corticosteroids was 
associated with a reduced risk of a subsequent COPD exacerbation, especially in patients 
with recurrent exacerbations, and with a reduced risk of all-cause mortality. These 
observations are new and may have a major impact on the management of exacerbations 
in COPD patients. Reducing the frequency of exacerbations is clinically important, as 
exacerbations can have a large and sustained effect on health status, especially in patients 
with frequent exacerbations. Furthermore, exacerbations are associated with a lower 
quality of life, an increased risk of hospital admission, high costs and, moreover, greater 
mortality. On the other hand, treating all exacerbations with antibiotics might have a 
major impact on overall antibiotic use in the community, and this might fuel resistance 
rates among respiratory pathogens. Resistance should always be taken into account when 
antibiotics are prescribed. It is too early now to advise treatment with antibiotics and oral 
corticosteroids for exacerbations in all patients with recurrent exacerbations. A limitation 
of our observational studies, described in chapter 6 and 7, might be the presence of 
treatment selection bias, due to unknown, potentially prognostic important differences 
among patients.7 In these studies, clinical information on patients was not available, for 
example the severity of symptoms and baseline spirometry were unknown. Our results 
should therefore be confirmed in a prospective study, and profiles should be established 
of the patients that will benefit most from added antibiotics. These profiles should be 
based not only on classification according to GOLD criteria, but should also include 
patients history, present clinical symptoms, medication use, co-morbidity and newly 
developed markers or indices applicable or already in use in the primary care setting, like 
the BODE-index.8  
 
Our finding that the antibiotic prescription rate in general practice could be reduced by 
25%, without affecting patient outcome, is in line with the studies conducted in this 
setting, showing no benefit of antibiotics above placebo in short term evaluations, with 
acute resolution rates and early relapse rates as principle endpoints.9-11 The value of 
antibiotic treatment in exacerbations of COPD has mainly been demonstrated in clinical 
settings, merely in patients with severe symptoms (Anthonisen type 1 or 2)i, diagnosed 
according to GOLD criteria.11,12 This population differs from the general practice 
population, in which 80% of COPD patients has mild or moderate disease (GOLD 1 or 
2),13 and some patients having the diagnosis based on other criteria than deviating baseline 
spirometric values. However, in selected patients from general practice antibiotic 
treatment will have the same benefits on the short term as demonstrated in the clinical 
based studies. Based on our results, the dividing line between patients who will and who 
will not profit from antibiotic treatment in general practice can not be drawn yet. Maybe, 

                                                        
i having at least two of the following criteria: increased dyspnoea, increased sputum 
volume and increased sputum purulence 
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treatment decisions should be based on long term effects (relapse and mortality) as well, 
and not only on short term effects (resolution rate). Identification of the clinical profiles 
of those patients that will or will not benefit from additional antibiotic treatment should 
be subject for future studies. Until then, starting treatment with or without antibiotics in 
patients with an exacerbation of COPD will be a matter of cautious estimation. 
 
When indicated, antibiotics should be prescribed for no longer than absolutely necessary. 
In most guidelines the duration of antibiotic therapy for exacerbations is not addressed,14-

16 or a traditional period of 7-10 days is advised1; only the recently updated GOLD 
guidelines mention a period of 3-7 days, although marked with the lowest level of 
evidence12. Our studies have shown that in patients with exacerbations of COPD an 
antibiotic treatment duration of 5 days is equivalent to a traditional longer course. To our 
opinion there is sufficient evidence now to incorporate short-term antibiotic treatment in 
guidelines on treatment of COPD exacerbations in general practice.  
 
Two more things can be learnt from the study described in chapter 3. First, the study 
protocol was effectively implemented. The proposed increase in oral corticosteroid course 
prescriptions for exacerbations and a reduction of antibiotic prescriptions was indeed 
achieved. So, prescribing behaviour of general practitioners appears amenable to guided 
change. This is important, since implementation of guidelines usually is a complex process 
with many barriers to pull down. Secondly, standardized treatment with oral cortico-
steroids did not improve short term patient outcomes of exacerbations in general practice. 
However, in the control arm there was already a high prescription rate of oral 
corticosteroids (75%). The Cochrane review on corticosteroids in COPD exacerbation, 
showing benefits of treatment with corticosteroids compared with placebo, was merely 
based on clinical studies, while no community-based studies were included. The research 
question which patient will benefit from treatment with oral corticosteroids in general 
practice remains unanswered. Oral corticosteroid courses may not be as beneficial in mild 
COPD as in severe COPD, or other characteristics than the GOLD classification might 
be essential to differentiate between patients who will benefit from oral corticosteroids 
and those who will not. Therefore, future research in general practice, where the majority 
of COPD patients is treated, should include placebo-controlled studies, with a focus on 
elucidation of relevant patient characteristics.  
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