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Abstract 

This study aimed to assess the effect of intravenous antibiotic therapy on clinical and 

laboratory endpoints in exacerbations of non-cystic fibrosis bronchiectasis and to determine 

whether the outcomes were influenced by the pathogenic organism isolated. 

A prospective cohort study was conducted (Nov06-Mar08) of exacerbations requiring 

intravenous antibiotics. Endpoints included 24-hour sputum volume, FEV1, FVC, incremental 

shuttle walk test, qualitative sputum microbiology, white cell count, erythrocyte 

sedimentation rate, C-reactive protein (CRP) and St George’s Respiratory Questionnaire 

(SGRQ). Exacerbations due to Pseudomonas aeruginosa were compared with exacerbations 

due to other potential pathogenic organisms. 

32 exacerbations were studied. Following 14 days’ antibiotics, all outcomes significantly 

improved (P<0.0001) independent of pathogenic organism, except FEV1 and FVC.  The most 

responsive markers were: 24 hour sputum volume (reduced in all patients and 80% had ≥50% 

reduction); sputum bacterial clearance (78.1%); CRP (≥75% reduction in 62.5%) and SGRQ 

(≥4 unit improvement in 89.7%). 24 hr sputum volume, CRP and SGRQ improved 

independent of microbial clearance. 

In this study, 24-hour sputum volume, microbial clearance, CRP and SGRQ were the most 

useful parameters to assess response to treatment of exacerbations of bronchiectasis. 

Outcomes were similar independent of the pathogenic organism with the exception of FEV1 

and FVC. 

 

  

 
Introduction 
Infective exacerbations are a significant cause of morbidity in non cystic fibrosis 

bronchiectasis and often necessitate utilisation of health care resources including inpatient 



admissions for intravenous antibiotic therapy [1]. The criteria used to define exacerbations 

requiring antibiotic therapy have been described in chronic obstructive pulmonary disease 

and include increasing dyspnoea, increasing sputum production and worsening sputum 

purulence [2]. Similarly, in bronchiectasis, antibiotics are prescribed in exacerbations in 

patients with increasing cough, increasing sputum volume and worsening sputum purulence. 

Little is known about how best to assess the effect of antibiotic treatment in the management 

of such exacerbations. Currently, a successful outcome is qualitative only, relying on the 

patient’s subjective assessment of symptom resolution. Validated, easily accessible and 

relevant outcome measures are needed [3].   

It is not known if the outcome of an exacerbation is influenced by the pathogenic organism. It 

has been shown that patients who are chronically colonised with Pseudomonas aeruginosa 

have more severe bronchiectasis, a poorer health related quality of life and may have an 

accelerated decline in FEV1 [4-7].  

The aim of this prospective cohort study was to assess the effect of two weeks’ intravenous 

antibiotic therapy for exacerbations of non cystic fibrosis bronchiectasis on a variety of both 

clinical and laboratory endpoints including 24 hour sputum volume, FEV1, FVC, exercise 

capacity, systemic inflammation, sputum microbiology and health related quality of life. In 

addition, the aim was to determine whether these outcomes were influenced by the 

pathogenic organism isolated. 

 
 
Methods 
This was a prospective cohort study (November 2006-March 2008) of adults with infective 

exacerbations of non cystic fibrosis bronchiectasis requiring intravenous antibiotics. Ethical 

approval was obtained from the Lothian Research Ethics Committee. 

An exacerbation was defined as having a clinical deterioration with all of the following 

symptoms: increasing cough, increasing sputum volume and worsening sputum purulence. 



Criteria for intravenous antibiotic therapy included failure of oral antibiotics, culture of 

pathogenic organisms sensitive only to intravenous agents or severe exacerbations 

necessitating acute inpatient admission.  

Exclusion criteria were: cystic fibrosis; active tuberculosis; active allergic bronchopulmonary 

aspergillosis; active sarcoid; patients on long term antibiotic therapy (oral or nebulised); 

patients with mixed normal flora isolated from their sputum at the start of the exacerbation. 

All patients received 14 days of intravenous antibiotic therapy; the antibiotics chosen were 

based on sputum microbiology prior to commencing treatment or, if necessary, previous 

sputum microbiology history. All were advised to continue chest physiotherapy. Any patient 

on long term oral corticosteroid therapy had their dose doubled for the first seven days of the 

exacerbation. No other adjunctive treatments were used to manage the exacerbation. 

The following clinical and laboratory outcome measures were assessed immediately prior to 

commencing antibiotic therapy (Day 0) and on completion of antibiotics (Day 14).  

Clinical Assessments 

24 hour sputum volume: Patients collected their sputum over a 24 hour period in clear sterile 

pots (maximum volume of 45ml/pot) and the total volume was measured. There was no 

microbiological analysis done on this sample. 

Pulmonary function tests: FEV1 and FVC were recorded. The FEV1/FVC ratio was 

calculated. A clinically significant response was >12% and >200ml improvement from start 

of exacerbation [8]. 

Exercise capacity: an externally paced, 10 metre incremental field walking test (ISWT) was 

used [9]. 

Laboratory Assessments 

Sputum microbiology: Qualitative sputum bacteriology was performed on a fresh, early 

morning sputum sample. 



Systemic inflammation: white cell count (WCC), erythrocyte sedimentation rate (ESR) and C-

reactive protein (CRP) were measured. 

Health Related Quality of Life Assessment 

Health related quality of life: The St George’s Respiratory Questionnaire (SGRQ) was 

completed at the start of the exacerbation and one week following antibiotic completion [10]. 

The questionnaire was adapted for the end of exacerbation assessment to ask about symptoms 

in the preceding week (i.e. the week following antibiotic completion). 

The SGRQ is a 50 item self administered health related quality of life questionnaire 

consisting of 3 components- symptoms (8 items), activity (16 items) and impacts (26 items). 

It has previously been validated to reflect impaired health related quality of life in 

bronchiectasis patients [10]. The total score ranges from 0-100; a higher score indicates a 

poorer health related quality of life. A 4 unit difference in the total SGRQ score has been 

established as a clinically significant change [10]. 

 

Statistics 

Statistical analysis was performed using SPSS for Windows, Version 16 (SPSS inc, Illinois) 

and GraphPad Prism Version 5.0 (GraphPad Software, California). The data was normally 

distributed and is presented as mean ± standard deviation. For comparing means, the paired t-

test was used. Patients that isolated Pseudomonas aeruginosa were compared with those that 

isolated other potential pathogenic microorganisms (other PPMs) at the start of the 

exacerbation. Fishers exact test was used to compare groups. A 2 tailed P value of <0.05 was 

considered to be statistically significant. Additional subanalysis was conducted to ensure that 

the reason for needing intravenous therapy or those who went on to experience multiple 

exacerbations did not influence the results.  

 



Results 

Patients 

There were 58 exacerbations of non cystic fibrosis bronchiectasis managed with 2 weeks of 

intravenous antibiotic therapy during the study period. 13 patients had more than 1 

exacerbation during the study period, but only the first exacerbation for each patient was 

used. Five patients were excluded as mixed normal flora was isolated at the start of the 

exacerbation and one patient was excluded as they had mucoid sputum at presentation. The 

final analysis was conducted in 32 individual patients.  

Table one details baseline patient characteristics, including parameters of disease severity, 

and table two provides details of the aetiology of the bronchiectasis. All patients had 

advanced bronchiectasis with 29 patients (90.6%) being chronically colonised with 

pathogenic bacteria in the sputum when clinically stable (65.6% had Pseudomonas 

aeruginosa) and having multiple exacerbations in the past year (Table 1). 62.5% needed 

intravenous antibiotics because of failure of oral antibiotics, 34.4% had severe exacerbations 

necessitating acute inpatient admission and 3.1% required intravenous antibiotics as the 

pathogenic organisms isolated were sensitive only to agents available as intravenous 

preparations. 

Sputum Bacteriology  
At the start of the exacerbation Pseudomonas aeruginosa was isolated in 19 patients; 10 had 

non-mucoid and 9 had mucoid Pseudomonas aeruginosa. 13 patients isolated other PPMs 

which included Haemophilus influenzae (n=4), Streptococcus pneumoniae (n=3), 

Staphylococcus aureus (n=2), Moraxella catarrhalis (n=2), Escherichia coli (n=1) and 

Serratia species (n=1). 

 

Antibiotic Therapy 



All patients completed 14 days of antibiotic therapy and doses used were as recommended for 

bronchiectasis/cystic fibrosis in British National Formula [11]. In the Pseudomonas 

aeruginosa group 13 received intravenous ceftazidime (2g, three times daily) and gentamicin 

(dose per ideal body weight and creatinine clearance); 2 patients with a previous history of 

gentamicin toxicity received intravenous ceftazidime (2g, three times daily) and colistin 

(2MU three times daily) and three with known impaired renal function received intravenous 

ceftazidime (2g, twice daily) and oral ciprofloxacin (500mg twice daily). The remaining 

patient who had a known intolerance of ceftazidime received intravenous piperacillin with 

tazobactam (4.5g, three times daily) and oral ciprofloxacin (500mg twice daily). 

In the patients that isolated other PPMs, those who isolated Haemophilus influenzae, 

Streptococcus pneumoniae and Moraxella catarrhalis all received single agent ceftriaxone 

(2g once daily). 2 patients isolated Staphylococcus aureus (one methicillin sensitive 

Staphylococcus aureus and one methicillin resistant Staphylococcus aureus) and received 

intravenous flucoxacillin (500mg, four times daily) and vancomycin (dose per ideal body 

weight and creatinine clearance) respectively.  The remaining two patients isolated Serratia 

species and Escherichia coli respectively and both were managed with intravenous 

ceftazidime (2g, three times daily) and gentamicin (dose per ideal body weight and creatinine 

clearance). 

Corticosteroids 

4 patients were receiving long term oral corticosteroid therapy and had their dose doubled for 

7 days. No patients otherwise received oral corticosteroid therapy.  

 

Side effects 

No adverse effects were reported and no changes to treatment regimes occurred and all 

patients successfully completed 14 days treatment. 



Outcomes: clinical assessments 

24 hour sputum volume 

Following 14 days’ antibiotics all patients’ 24 hour sputum volume reduced with a mean 

reduction of 21.8±19.9ml (P<0.0001) (Table 3).  

All patients had a reduction in their 24 hour sputum volume: 5% had <25% improvement, 

15% had 25-49% reduction and 80% had >50% reduction in 24 hour sputum volume (Figure 

1).  

Pulmonary function tests 

The FEV1 did not significantly improve, with a mean increase of 0.07±0.2L (5.4±12.5%), 

P=0.07 (Table 3). The FVC did however, improve by a mean of 0.09±0.44L (2.9±22.2%), P 

= 0.01 (Table 3).  

29% of patients did not have any improvement in FEV1, 51.6% had an improvement of ≤12% 

or ≤200ml, 19.4% had an improvement of >12% and >200ml (Figure 1). 

Exercise capacity 

The distance achieved in the ISWT significantly improved by 58.3±51.0m (48.9±54.8%), 

P<0.0001 (Table 3) following 2 weeks’ antibiotic treatment.  

12% of patients did not show an improvement in exercise capacity, 28% had <25% 

improvement, 28% had 25-49% improvement and 36% of patients had an improvement of 

≥50% (Figure 1).  

Outcomes: laboratory assessments 

Systemic inflammation 

There was a significant improvement in WCC, ESR and CRP (Table 3). WCC reduced by a 

mean of 3.7±3.7 x109/L, ESR reduced by a mean of 17.7±20.9mm/hr and CRP reduced by a 

mean of 59.5±69.6mg/L (Table 3). 



WCC did not improve in 9.7% of patients, 29% had 50-74% improvement and no patients 

had a ≥75% improvement in WCC (Figure 1).  

ESR did not improve in 30% of patients, 40% had a 50-74% improvement and 7% had a ≥ 

75% improvement in ESR (Figure 1). 

CRP did not improve in 9.3% of patients, 15.6% had a 50-74% improvement and 62.5% had 

a ≥75% improvement in CRP (Figure 1). 

Sputum microbiology 

Qualitative bacterial clearance was achieved in 78.1% of patients (P<0.0001) (Figure 1). All 

patients infected with other PPMs achieved bacterial clearance. 12 out of 19 patients infected 

with Pseudomonas aeruginosa achieved bacterial clearance. Of the 7 with Pseudomonas 

aeruginosa who did not achieve bacterial clearance, 5 of these had a mucoid strain. Although 

microbial clearance was greater in patients with other PPMs compared with patients infected 

with Pseudomonas aeruginosa, this difference did not achieve statistical significance 

(P=0.07). 

Health related quality of life 

There was a significant improvement in all of the individual domain scores of the SGRQ 

following completion of antibiotics (Table 4). The total score significantly improved with a 

mean reduction of 13.8±12.9 units (P=0.01) (Table 4). 7.1% did not show any improvement 

in SGRQ score, 3.6% had an improvement of <4 units and 89.3% had an improvement of ≥4 

units. 

Pathogenic organism 

The response to treatment was compared between patients with PA and other PPMs. The 

responses were not significantly different with the exception of FEV1 and FVC. Patients 

infected with Pseudomonas aeruginosa showed no improvement in either FEV1 (mean value 

at start of exacerbation was 1.52±0.61L improving to only 1.53±0.58L at the end, P=0.9) or 



in FVC (mean value at start of exacerbation 2.38±0.88L improving to 2.44±0.81L, P=0.3). 

Those patients infected with other PPMs did however, have a significant improvement in 

both FEV1 (improving from 1.32±0.48L to 1.51±0.61L, P=0.01) and FVC (improving from 

2.25±0.62L to 2.58±0.96L, P=0.02).  

Failure of microbial clearance 

Despite failure of microbial clearance, there were significant improvements in the 3 most 

responsive endpoints: 24 hour sputum volume (mean reduction 13.8±9.1mls, P= 0.007), CRP 

(mean reduction 61.4±104.4 mg/ml, P=0.03) and SGRQ score (mean reduction 14.8±7.2 

units, P=0.004). 

 

 

Need for Intravenous Antibiotics 

11 patients required intravenous antibiotics because of failure of oral antibiotics, 1 patient due 

to culture of pathogenic organisms sensitive only to intravenous agents and 20 patients due to 

severe exacerbations necessitating acute inpatient admission.   

At the start of the exacerbation, the need for hospitalisation group had worse exercise 

capacity (mean difference -196±59.3m, P=0.003), higher CRP (mean difference 

49.8±23.4mg/L, P=0.04) and white cell count (mean difference 2.8±1.3 x 109, P=0.04) and 

worse St George’s Respiratory Questionnaire score (mean difference 14.4±5.8 units, P=0.02). 

There was no significant difference in the other endpoints.  

Both groups showed a significant improvement in all parameters except in FEV1 and FVC. 

Single versus multiple exacerbations  

19 patients had one exacerbation necessitating intravenous antibiotics and 13 required more 

than one course of intravenous antibiotics (3.6±1.5 courses). At the start of the exacerbation 

there was no difference in the endpoints between groups. Patients with a single exacerbation 



had a significant improvement in all parameters except in FEV1 and FVC. Patients with more 

than one exacerbation had a significant improvement in all parameters except FEV1. 

 



Discussion 

This prospective cohort study identified useful clinical and laboratory markers for assessing 

the response to 2 weeks’ intravenous antibiotic treatment in adults with exacerbations of non 

cystic fibrosis bronchiectasis. Improvements were observed in 24 hour sputum volume, 

sputum bacterial clearance, systemic inflammation, exercise capacity and health related 

quality of life, independent of pathogenic organism. No improvement was observed in FEV1. 

24 hour sputum volume, microbial clearance, CRP and SGRQ were the most responsive 

markers identified.  

All patients received 14 days of intravenous antibiotic therapy. The optimum duration of 

treatment is not known and further trials will be needed to define this period but previous 

studies have administered therapy for between 5 to 28 days [12-15].  

All patients with Pseudomonas aeruginosa or Gram negative organisms were treated with 

two anti-pseudomonal antibiotics to reduce the chance of developing antibiotic resistance.  

Those with other PPMs were treated with monotherapy using intravenous ceftriaxone. The 

optimum therapeutic agents are unknown. The agents used in this study are known from in 

vitro sensitivities to be effective agents. The aim of our study was not to assess the 

therapeutic regimen but to explore the outcome of two weeks’ effective antibiotic therapy on 

a variety of clinical and laboratory parameters. 

There are no published international guidelines and no validated methods to allow clinicians 

to assess response to treatment. Currently, a successful outcome relies predominantly on the 

subjective assessment of symptom resolution. Objective outcome measures are needed [3]. 

Our study sought to observe relevant, minimally invasive and easily accessible endpoints to 

assess parameters that may be clinically useful in monitoring response to therapy. We 

identified 4 particularly responsive markers: 24 hour sputum volume, qualitative sputum 

bacteriology, CRP and SGRQ score. 



All patients had a significant improvement in 24 hour sputum volume, with 80% having a 

≥50% reduction. 24 hour sputum volume is a potentially useful marker as it is highly 

pertinent to the condition, non invasive, easily accessible and inexpensive. It has been used as 

a marker in previous studies that have assessed potential long term therapeutic strategies 

including inhaled steroids and long term antibiotics [16-21]. A recent study has shown wet 

weight sputum to be as reliable dry sputum [22]. The potential limitation of 24 hour sputum 

volume as an outcome measure is the reliance on patient compliance for collection.  

Sputum bacteriology as an endpoint could involve either complete bacterial clearance or a 

reduction in bacterial load (colony forming units/ml). Direct counts of bacterial load is time 

consuming, expensive and less likely to be available in the majority of routine (non research) 

microbiology laboratories. In our study 78.1% had bacterial clearance. In the remaining 

22.9% we have no information on whether there was a reduction in bacterial load as only 

qualitative cultures were carried out. However, these patients did show improvements in the 3 

other key parameters identified in this study: 24 hour sputum volume, CRP and SGRQ score. 

Further studies using both qualitative and quantitative cultures would be helpful, although at 

present, our findings emphasise the need for more than one endpoint to assess response to 

treatment.  

We observed a 9 fold fall in C reactive protein (mean±SD fall 59.5±69.6mg/L), with 62.5% 

having a ≥75% improvement following antibiotic therapy. The other markers of systemic 

inflammation that we observed were WCC and ESR. Although a significant improvement 

was seen in WCC (1.5 fold fall with a mean±SD fall of 3.7±3.7 x109/L), the mean WCC at 

the start of the exacerbation was within normal range and the reduction following antibiotics 

was small, suggesting WCC is a less relevant marker of treatment response. The mean ESR 

also improved (1.8 fold fall with a mean±SD fall of 17.7±20.9mm/hr) however, only 7% of 



patients achieved ≥75% reduction in ESR. Of these 3 markers, CRP was most responsive to 

change. 

89.7% of patients showed a clinically significant response (i.e. ≥4 unit improvement) in 

SGRQ score. The use of such questionnaires remains predominantly within the research 

setting as administration and analysis require specific resources and are time consuming.  

In keeping with the observed clinical improvements, exercise capacity improved by 1.2 fold 

with a mean±SD rise of 54.1±51.5m and 36% of patients increasing their distance in the 

ISWT by ≥ 50%. It may be a useful adjunct to other markers. 

There was no significant improvement in FEV1 but there was a small 1.06 fold rise in FVC 

(mean±SD rise of 144±306ml). There was however, an improvement seen in FEV1 in patients 

infected with other PPMs which may reflect the complete bacterial clearance achieved in this 

group. A recent review article of exacerbations in bronchiectasis noted FEV1 to be a less 

sensitive measure in acute exacerbations, particularly in contrast to cystic fibrosis 

bronchiectasis [3].  Similar findings were made by the authors of a previous study who found 

that following 2 weeks of treatment with oral amoxicillin there were small improvements in 

FEV1 (mean improvement 8mls) and FVC (mean improvement 180mls) but these changes 

were not felt to be clinically useful [23].  

In this study, 24-hour sputum volume, microbial clearance, CRP and SGRQ were the most 

useful parameters to assess response to treatment of exacerbations of bronchiectasis. 

Outcomes were similar independent of the pathogenic organism with the exception of FEV1 

and FVC. 
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Table 1. Patient characteristics 

Characteristic n (%) or Mean ± Standard Deviation 

Number 32 

Male 10 (31.3) 

Age (years) 62.8 ± 9.8 

Non smokers 23 (71.9) 

Ex-smokers 9 (28.1) 

Ex smoker pack year history 34.5 ± 17.2 

COPD 3 (9.4) 

Asthma 18 (56.3) 

Inhaled Corticosteroid Therapy 28 (87.5) 

Nebulised Bronchodilator Therapy 7 (21.9) 

FEV1 (L) 

(% Predicted) 

1.57 ± 0.58 

(66.5 ± 27.3) 

FVC (L) 

(% Predicted) 

2.49 ± 0.78 

(85.3 ± 33.2) 

Infective exacerbations in preceding year 7.4 ± 6.0 

Number of lobes involved on HRCT chest 4.1 ± 1.7 

Cystic bronchiectasis 10 (31.2) 

Chronically colonised 29 (90.6) 

 
 
 

 



Table 2. Aetiology of bronchiectasis 
Aetiology n (%) 

Inactive Allergic Bronchopulmonary 

Aspergillosis 

11 (34.4) 

Burnt out Sarcoidosis 1 (3.1) 

Post Infective                           

(Pneumonia, Tuberculosis,                

Pertussis, Measles) 

10 (31.3) 

Immunoglobulin Deficiency              

(all IgG subclass2) 

4 (12.5) 

Ciliary Dyskinesia 1 (3.1) 

Idiopathic 5 (15.6) 



Table 3 Outcome measures from start to end of exacerbation 
Variable Start of 

exacerbation 

End of 

exacerbation 

P 

24 hr sputum 

volume (mls) 

30.4 ± 21.9 8.5 ± 8.4 <0.0001 

FEV1(L) 1.45 ± 0.57 1.52 ± 0.58 0.07 

 

FVC (L) 

 

2.35 ± 0.78 

 

2.5 ± 0.86 

 

0.01 

 

FEV1/FVC 

(L) 

 

61.4 ± 12.3 

 

60.4 ± 11.5 

 

0.5 

 

Exercise 

Capacity (m) 

 

217.0 ± 168.0 

 

271 ± 184.0 

 

<0.0001 

    

WCC 

(x109/L) 

(normal 

range 4-11) 

 

10.8 ± 7.1 

 

7.2 ± 2.5 

 

<0.0001 

 

ESR (mm/hr) 

 

40.1 ± 27.4 

 

22.3 ± 14.1 

 

<0.0001 

 

CRP (mg/L) 

 

66.9 ± 70.7 

 

7.4 ± 11.2 

 

<0.0001 



Table 4 Individual Domain and Total SGRQ Scores from start to end of exacerbation  
Domain Start of 

Exacerbation 

End of exacerbation P 

Symptoms 76.4 ± 12.9 51.7 ± 23.1 <0.0001 

Activity 65.5 ± 26.4 57.4 ± 26.5 0.01 

Impact 47.9 ± 18.4 37.2 ± 19.2 <0.001 

Total Score 57.9 ± 17.5 45.7 ± 20.0 <0.0001 

 
 
 
 
 
 
 
Figure 1 Legend 
Changes in clinical markers following 2 weeks of intravenous antibiotic therapy 
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