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Abstract  
Background: Practice guidelines suggest that all patients hospitalised with 
community-acquired pneumonia (CAP) should receive antibiotics within 4 hours of 
admission or earlier. An audit at our hospital in 1999/2000 showed that this target was 
achieved in less than two-thirds of patients with severe CAP.  
Methods: An experienced multi-disciplinary steering group designed a management 
pathway to improve the early delivery of appropriate antibiotic therapy in CAP. This 
was implemented using a multi-faceted strategy. The effect of implementation was 
evaluated using a controlled before and after study design over two winter seasons 
(November to April 2001/2002 and 2002/2003). Cost-effectiveness analyses were 
performed from the hospital’s perspective. 
Results: The proportion of patients receiving appropriate antibiotics within 4 hours of 
admission to hospital increased from 33% to 56% at the intervention site and from 
32% to 36% at the control site (absolute change adjusted for differences in severity of 
illness = 17%, p = 0.035). The cost per additional patient receiving appropriate 
antibiotics within 4 hours was £132 with no post-implementation evaluation and £456 
for a limited post-implementation evaluation. Simple modelling from the results of a 
large observational study suggests that the cost per death prevented could be £3003 
with no post-implementation evaluation or £16,632 with a limited post-
implementation evaluation. 
Conclusions: The intervention significantly improved door to antibiotic time, albeit at 
considerable cost. It might still be a cost-effective strategy, however, to reduce 
mortality in CAP. Uncertainty about the cost-effectiveness of such interventions is 
only likely to be resolved by a well designed, cluster randomized trial. 
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Introduction 
Community-acquired pneumonia (CAP) is a common reason for emergency adult 
admission to hospital and costs the United Kingdom’s National Health Service (NHS) 
at least £441 million per year.1 Three well-controlled studies from North America 
have shown that care pathways can improve processes of care in CAP2-4, but only one 
showed an improvement in outcome3 and none assessed cost-effectiveness. A 
systematic review of 235 studies of guideline implementation reported that only 2 
studies estimated the costs of guideline development, only 4 studies included 
comprehensive data about the costs of implementation, and no studies calculated cost-
effectiveness.5 
 
A previous audit (N = 205) in our hospital showed that less than two-thirds (61%) of 
patients with severe CAP and half (52%) of all patients with CAP received antibiotic 
therapy within 4 hours of admission to hospital.6 The 2001 BTS guidelines 
recommend that all patients with severe CAP receive IV antibiotic therapy 
immediately after diagnosis7. A national confidential enquiry of deaths from CAP in 
young adults in England & Wales showed that three-quarters of patients received 
appropriate empiric antibiotic therapy and two-thirds received antibiotics within 2 
hours of admission to hospital8. The authors concluded that although many of the 
deaths were not preventable, appropriate antibiotic therapy should be administered as 
soon as possible following admission.  
 
This conclusion is supported by large observational studies that have shown a 
significant association between improved clinical outcomes and both the time to 
administration9,10 and selection of initial antibiotic therapy.11,12 In the USA, the 
Medicare Quality Improvement Community now recommends a door-to-drug time of 
4 hours instead of their previous 8-hour threshold and states that “several thousand 
deaths could be prevented each year among hospitalised Medicare pneumonia patients 
if the initial dose of antibiotic was administered within 4 hours of hospital arrival.” 13 
The aim of the study we now report was to evaluate from the hospital’s perspective 
the clinical- and cost-effectiveness of implementing a management pathway designed 
to improve the timing and selection of antibiotics for patients hospitalised with CAP. 
 
 
Methods 
Study design 
A controlled before and after study was designed to fulfil the quality criteria of the 
Cochrane Effective Practice and Organisation of Care (EPOC) Review Group 
checklist14. Baseline data were collected from all CAP patients admitted to an 
intervention and a control site between November 1st 2001 and April 31st 2002. The 
intervention was implemented in September and October 2002 and post-intervention 
data were collected between November 1st 2002 and April 31st 2003.  
 
Description of intervention and control sites 
The intervention was targeted at the accident and emergency (A&E) and acute 
medical admissions units (AMAU) of a 1000-bed teaching hospital. The control site 
was a 500-bed district general hospital within the same teaching hospital trust. 
Although junior doctors at both sites were on the same training rotations, we carefully 
designed the implementation and evaluation to minimise the risk of contamination. At 
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baseline, both sites had comparable patient to staff ratios (Table 1) and pathways of 
care for patients with CAP.  
 
Methods used to understand the problem 
A structured survey of 83 junior medical staff was performed at the intervention site 
to identify barriers to implementation, supplemented by in-depth interview of 8 
doctors purposively sampled from the structured survey respondents (summarised in 
Appendix 1, Thorax website). These data were used to design the intervention and 
implementation strategy. Qualitative data were also collected in the post 
implementation period to provide additional detail for use in the feedback process. 
 
Intervention and implementation strategy 
An experienced multi-disciplinary steering committee developed a CAP management 
pathway (Appendix 2, Thorax website) based on the 2001 BTS guidelines and the 
results of baseline data analyses and the quantitative and qualitative surveys described 
above. The pathway was implemented using a combination of information packs 
distributed to junior and senior medical staff and relevant senior nursing staff, 
interactive group educational sessions, and reminders in the form of A2 and A3 
laminated colour posters (electronic versions were also sited on ward computers) of 
the management pathway in key clinical areas. In the post-implementation period, the 
proportion of patients receiving appropriate antibiotic therapy within 4 hours of 
admission to hospital at the intervention site was continuously audited and compared 
to baseline data. The results were fed back to key medical and nursing staff at the 
intervention site via a 6 weekly newsletter. The investigators did not provide clinical 
advice to the medical teams caring for included patients.  
 
Patients 
Patients were identified prospectively by review of admission records at the 
intervention and control sites’ AMAU and were included if they were receiving an 
antibiotic for a lower respiratory tract infection and had either a new infiltrate on the 
chest radiograph or a clinical diagnosis of CAP, made by a specialist registrar or 
consultant, documented in the case-notes. Patients were excluded if they were under 
16 years old, taking immunosuppressive drugs, HIV positive or neutropenic 
(neutrophil count <1.0x109/l), or had aspiration or hypostatic pneumonia, progressive 
malignancy or if the diagnosis was changed prior to discharge or transfer from the 
AMAU.  
 
Data collection and statistical analyses 
Quantitative data were initially recorded on a pre-piloted data collection sheet and 
subsequently double entered into an EPI-info (version 6) database. The accuracy of 
data collection was audited for all patients at the point of discharge from hospital or 
death. Statistical analyses were performed using SPSS for Windows (version 10). The 
primary statistical analysis was of the absolute change (% at intervention site post 
implementation – % at control site post implementation) in the proportion of patients 
receiving appropriate antibiotics within 4 hours of admission, adjusted (using linear 
regression) for age, sex and BTS recommended adverse prognostic indicators 
(respiratory rate ≥30 per minute, systolic BP <90mmHg or diastolic BP ≤60mmHg, 
urea >7.0 mmol/l, new confusion (MSQ ≤8 or 2 point drop in MSQ), age ≥50 years, 
presence or absence of co-morbidity, and SaO2 <92% or PaO2 <8.0kPa (on any 
FiO2)7. Appropriate antibiotic therapy was defined according to the 2001 BTS 
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guidelines7. Secondary endpoints were length of hospital stay and 30-day post 
admission mortality. Length of hospital stay was compared using Cox regression 
analyses, adjusted for age, sex and BTS adverse prognostic indicators (as defined 
above).  
 
Prior to the study, we estimated that a sample of 188 (intervention) and 47 (control) in 
the post-implementation period would be 80% powered (P ≤0.05) to detect a 
difference of ≥22.5% by 2-sided significance tests in the proportion of patients 
receiving appropriate antibiotics within 4-hours of admission to hospital and that a 
sample of 204 (intervention) and 51 (control) would have 80% power to detect a 1-
day (SD ± 2.25) decrease in length of hospital stay.  
 
Cost-effectiveness analyses 
Cost-effectiveness analyses were performed from the hospital’s perspective using 
2002 prices. Comparisons of antibiotic costs were limited to the cost of the first dose 
prescribed. Sensitivity analyses focused on the costs of development and evaluation of 
the intervention and on the cost of maintaining the intervention over time.  We did not 
include discounting of future costs in the sensitivity analyses because of the short time 
horizons used. Cost per death prevented was estimated by calculating the number of 
additional patients who needed to receive antibiotics within 4 hours of admission to 
prevent one death (number needed to treat) using our baseline risk of 30-day mortality 
(19%) and the odds ratio of 30-day mortality for patients with CAP who received 
antibiotics within 4 hours of admission compared with >4 hours from the study of 
Houck et al (0.85, CI 0.76 to 0.95).9 We included in these analyses the cost savings 
associated with a mean reduction in length of stay of 0.4 days, which was a secondary 
finding of this study9. 
 

 

Results 
Of 623 patients reviewed in the pre-implementation period, 39% were included (181 
at the intervention site and 60 at the control site). In the post-implementation period, 
770 patients were reviewed and 34% were included (209 at the intervention site and 
53 at the control site). The reasons for exclusion are shown in Appendix 3, Thorax 
website. The demographic and clinical characteristics of the four cohorts are 
described in Table 2. Following transfer from the AMAU, 3% (n = 14) of patients had 
their diagnoses changed to non-pneumonia conditions. Of the 273 patients who had 
their chest radiographs reviewed by a consultant radiologist or chest physician, 93% 
were reported to have changes consistent with CAP.   
 
Before implementation, 33% of patients at the intervention site and 32% of patients at 
the control site received appropriate antibiotic therapy within 4 hours of admission to 
hospital. After implementation, the proportions increased to 56% at the intervention 
site and 36% at the control site (Table 3). The improvement at the intervention site 
was progressive over time (Figure 1) and was mostly due to improving door to 
antibiotic time (from a median time of 4 hours before to 2 hours 18 minutes after at 
the intervention site compared to 3 hours 59 minutes before and 3 hours 30 minutes 
after at the control site). The difference between the sites in appropriate antibiotic 
prescribing at 4 hours had disappeared by 8 hours post-admission (Table 3). For 
patients admitted via the A&E department at the intervention site, the proportion of 
patients receiving appropriate antibiotic therapy within 4 hours increased from 28% 
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(16/58) before to 72% (34/47) after (unadjusted change 44%; χ2 = 20.85, P<0.0001) 
compared to 36% (44/123) before and 52% (84/162) after (unadjusted change 16%; χ2 
= 7.31, P = 0.0069) for patients admitted directly to the AMAU (χ2 = 1.19, P = 0.3 for 
the difference (8%) between the A&E and AMAU cohorts before implementation; χ2 
= 6.22, P = 0.01 for the difference (20%) between the A&E and AMAU cohorts 
after).  
 
Appropriate antibiotic prescribing improved at both sites, from 75% to 87% at the 
intervention site and from 62% to 77% at the control site (see Table 2). Antibiotic 
prescribing patterns changed more at the intervention site. For example, the 
prescribing of coamoxiclav in combination with a macrolide for patients with severe 
CAP increased by 65% (from 9% to 74%) at the intervention site compared to 19% 
(from 11% to 30%) at the control site (unadjusted difference in absolute change from 
baseline = 46%; unadjusted absolute change = 44%, Fisher’s exact test, P = 0.015). 
The prescribing of broad-spectrum antibiotic regimens increased (from 42.5% to 
77.5%) at the intervention site and decreased (from 45% to 41.5%) at the control site 
(unadjusted difference in absolute change from baseline = 38.5%; unadjusted absolute 
change = 36%, χ2 test = 26.21, P<0.0001).  
 
There were important differences in the severity of illness, however, between 
intervention and control sites. At baseline, a CURB65 score of 3 or more (most 
severe) was present in 37% of patients at the intervention site versus 45% at the 
control site. In the post-implementation period, the proportions were 44% and 19%, 
respectively. After adjustment for the differences in severity, the absolute change for 
the primary outcome remained statistically significant (Table 2). There was no 
significant change in mortality or length of stay at the intervention site or in absolute 
change between the sites (Table 2).  
 
Cost-effectiveness analyses 
Funding of a full time specialist registrar supported our intervention, which allowed 
for collection of prospective data during the baseline and intervention periods as well 
as the surveys of medical staff. The total cost of the project was £70,580. We estimate 
that a hospital could adapt the intervention with a more limited evaluation for 
£17,809, which includes 780 hours of specialist registrar time (Appendix 4, Thorax 
website). The cost per additional patient receiving appropriate antibiotics within 4 
hours was £456 with the latter evaluation costs (Table 4) or £132 with no evaluation. 
Cost-efficiency improves markedly over time as most of the costs occur in the first 
year (Table 4).  
 
From the data of Houck et al,9 the number of additional patients who need to receive 
antibiotics within 4 hours to prevent one death is 42 (CI 26 to 129). In the post-
intervention period, 17% more patients received appropriate antibiotics within 4 hours 
as a result of the intervention. The cost reduction as a result of an expected 0.4 day 
reduction in mean length of stay in these patients would be £2424. Using this cost 
reduction, the recalculated costs per additional patient receiving appropriate antibiotic 
therapy within 4 hours are £396 (CI £251 to £833) for a limited evaluation and £71.50 
(£45 to £150.50) for no evaluation. The cost per death prevented therefore is £16,632 
(CI £6,526 to £107,457) with a limited evaluation and £3003 (CI £1170 to £19,414) 
with no evaluation.     
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Quantitative and qualitative surveys 
The key findings of these were: 

1. Medical staff regarded CAP as less important than other common acute 
medical emergencies, such as myocardial infarction. 

2. Medical staff had poor awareness of the BTS guidelines.  
3. Medical staff had poor understanding of severity assessment in CAP and were 

unable to link this to an appropriate management strategy. 
4. Patients who presented to A&E often did not receive antibiotics before 

transfer to the AMAU. 
5. On the AMAU, timing of the first dose of antibiotics could be improved by 

simply prescribing an immediate once-only dose in the appropriate section of 
the prescription chart. 

(Appendix 1, Thorax website provides further detail) 
 
 
Discussion 
The two most important lessons were: 1) that patients admitted to the AMAU from 
the A&E department may experience delays in essential treatment unless this is 
initiated before transfer (this has led to a general review of care for all patients, not 
just for those with CAP); and 2) that prescribing a once-only dose of antibiotics in the 
AMAU is important in reducing door to antibiotic time.  
 
Our intervention significantly improved the proportion of patients who received 
appropriate antibiotics within 4 hours of admission to hospital. This was mostly due to 
reducing door to antibiotic time. The improvement occurred throughout the post-
intervention period, which suggests that feedback to clinicians is an important part of 
an ongoing quality improvement programme. The difference between the intervention 
and control sites after implementation in the proportion of patients receiving 
appropriate antibiotics within 4 hours had disappeared at 8 hours post-admission. It is 
disappointing that one-quarter of patients were still not receiving appropriate 
antibiotics within 8 hours at the intervention site post-implementation, although 
improvement may have been constrained  by a ceiling effect (see below). There have 
been concerns about the long-term sustainability of improvements in processes of 
care, such as described in this study. To optimise the likelihood of sustained 
improvement, it is vital that interventions are embedded in routine clinical practice. 
Although this could be achieved with most of the components of our intervention, 
many hospitals in the United Kingdom do not have the required resources for high-
quality long-term surveillance and feedback to healthcare staff.  
 
Although the absolute change in appropriate antibiotic prescribing post-intervention 
approached statistical significance (P = 0.08), this analysis does not take account of 
the baseline differences between the intervention and control sites. The adjusted 
difference in absolute change from baseline, which takes account of baseline and 
severity differences, was +6%. This, along with the other antibiotic prescribing data 
presented, suggests that the intervention had more effect on appropriate antibiotic 
prescribing at the intervention site, albeit on a background of secular trends at both 
sites. The latter may have been due to increasing awareness of BTS antibiotic 
recommendations or local factors such as a drive to use coamoxiclav rather than 
cephalosporins at the control site, but not at the intervention site, to reduce 
Clostridium difficile associated diarrhoea. The intervention site also had a higher 
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baseline level of performance in appropriate antibiotic prescribing (75% versus 62%), 
and was therefore likely to be closer to a ceiling effect, which may have limited the 
opportunity for change compared to the control site. From the qualitative data 
collected during the post-implementation period, we estimated the maximum ceiling 
effect for our primary outcome measure to be 74%. A concerning finding was the 
increase in broad-spectrum antibiotic prescribing at the intervention site post-
implementation, which may have caused adverse effects, such as Clostridium difficile 
associated diarrhoea or the evolution of antibacterial resistance. Also, an unmeasured 
increase in costs and adverse effects may have occurred in non-pneumonia conditions 
(e.g. COPD) due to guideline overspill. Although such adverse effects were not 
measured in our study, we recommend that trials measuring the clinical- or cost-
effectiveness of antibiotic guideline implementation in the future should measure and 
report these data.   
 
No other interventions occurred at either site during the study period to explain the 
changes in door to antibiotic time or antibiotic prescribing. Contamination from the 
intervention to control site is unlikely to have been the cause of the increase in 
appropriate antibiotic prescribing, as if this was the case, improvement in door to 
antibiotic time should have occurred at both sites. Regression to the mean, which is a 
recognised threat to the validity of quasi-experimental observational studies, cannot 
be ruled out, but would seem unlikely as both hospitals had similar processes of care 
at baseline. Also, the achievement of processes of care in our previous audit6 was not 
significantly different to that in the pre-implementation cohort at the intervention site 
(i.e. 52% versus 50% for door to antibiotic time within 4 hours and 72% versus 75% 
for appropriate antibiotics). In addition, there were no significant changes in quality 
indicators that were not targeted by the intervention. For example, at the intervention 
site, procurement of a blood culture within 24 hours of admission in patients with 
severe CAP was 71% before and 71% after. Likewise, discharge within 24 hours of 
switching to oral antibiotics was 22% before and 22% after. Compared to our 
previous audit6 and the CURB65 derivation/validation study15, mortality in this study 
was higher (15% and 10%, respectively, versus 19% in the pre- and post-
implementation cohorts at the intervention site). This can be explained by the higher 
proportion of patients with severe CAP in this study (24.5% in our previous audit and 
29% in the CURB65 derivation/validation study versus 37% and 44% in the pre- and 
post-implementation cohorts at the intervention site). 
 
Cost-effectiveness was most sensitive to the level of evaluation performed. As 
evaluation is an integral component of the quality improvement cycle, it is likely that 
most hospitals implementing our intervention would want to undertake at least a 
limited evaluation. The costs of evaluation could be markedly reduced with the 
availability of individual patient electronic clinical and prescribing data. As things 
stand, even the estimated minimum cost per additional patient receiving antibiotics 
within 4 hours is high enough that hospitals will need to be convinced that there is a 
true association between the outcome of CAP and door to antibiotic time. The most 
convincing evidence comes from two large observational studies of mortality from 
CAP in patients over 65 years old.9,12 An additional study found that, in comparison 
with other CAP patients, patients with prolonged hospital stay had significantly longer 
door to needle time and were also less likely to have received appropriate 
antibiotics.10 However, two observational studies failed to show a significant 
relationship between door to needle time and time to clinical stability for patients 
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hospitalised with CAP16,17. This may have been because they were not adequately 
powered to detect clinically important differences. A larger study (n=28,661) showed 
that implementation of a treatment guideline was associated with reduced inpatient 
30-day mortality in CAP.3 Detailed process measures were not reported, although the 
proportion of patients receiving appropriate antibiotics increased from 28% before to 
56% after implementation. 
 
Our results are consistent with a previous North American study2, which also showed 
that significant improvement in door to needle time did not lead to an improvement in 
mortality or a reduction in hospital stay. This study included 2,087 patients, but, as 
with our study, was still not adequately powered to reliably detect important 
differences in clinical outcomes.2 We therefore integrated our results with those of 
Houck et al9 to estimate the cost per death prevented. Presuming that the link between 
door to antibiotic time is real, the results of this analysis suggest that the intervention 
could be a cost-effective strategy to reduce mortality from CAP.  
 
There are three assumptions in our cost-effectiveness analyses that are worth 
considering. Firstly, as our intervention was targeted at initial antibiotic prescribing, 
we included only the cost of the first dose of antibiotics. It is likely, however, that 
initial prescribing will impact on subsequent antibiotic use. In the worse case scenario 
that the initial antibiotic regimen had been continued for a further 10 days, the CERs 
would increase to £454 and £778 per additional patient receiving antibiotics within 4 
hours for no evaluation and a limited evaluation, respectively. Secondly, to calculate 
the cost per death prevented we extrapolated data from a North American study to 
United Kingdom practice; the validity of this approach is open to debate. Thirdly, the 
study by Houck et al was of patients aged over 65 years. Our study was of patients 
aged over 16 years; the majority (71%), however, were aged over 65.  
 
The two most important lessons relate to processes of care (door to initiation of 
treatment time and once-off prescribing in the drug chart), which are relevant to all 
patients with serious infections and some non-infection conditions. It is likely to be 
more cost-effective for hospitals to adapt our intervention to all patients with sepsis. It 
is debatable as to whether such an intervention requires a specialist registrar for 
development, implementation and evaluation, as other healthcare professionals (e.g. a 
quality improvement nurse or pharmacist) are likely to have the required expertise. 
Using such personnel would also decrease costs.   
 
Changing processes of care requires complex interventions, which raise particular 
challenges with regard to generalisation of evidence about effectiveness.18 According 
to the MRC’s proposed “continuum of evidence” we are now in Phase II, with a 
sound theoretical basis, observational data that allows modelling of the potential 
impact of care processes on outcome and evidence about successful implementation 
of change from two exploratory trials19. The next step on the MRC’s “continuum of 
evidence” should be a definitive trial (Phase III), preferably with a cluster randomized 
design before progression to Phase IV (long-term implementation). However, an 
alternative approach to quality improvement is to define care bundles with several 
components that are likely to improve the outcome of care and to test the relationship 
between implementation and outcome in multiple hospitals.20 In this approach the 
early administration of antibiotics would be one component of a bundle, alongside 
other key quality improvement targets. A review of the management of young patients 
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who had died from CAP identified delayed antibiotic treatment as just one potentially 
important factor8. The others were: 1. failure to identify early in the course of 
management the need for ICU assessment/admission; 2. sub-optimal oxygen therapy; 
and 3. fluid resuscitation. These are all components of the care pathway whose 
implementation in the USA was associated with a significant reduction in mortality 
from CAP.3 On balance we favour the quality improvement approach based on care 
bundles as, based on this study, the collection of definitive data about the 
effectiveness of individual components of a bundle is likely to be prohibitively 
expensive and difficult to justify ethically.   
 
In summary, the costs of developing and evaluating a local CAP quality improvement 
initiative were considerable. The intervention predominantly improved door to 
antibiotic time and could be a cost-effective strategy to reduce mortality. This needs 
to be confirmed in a multi-hospital study and we believe that the most efficient design 
would be to test the effectiveness of implementing a bundle of care that includes early 
antibiotic administration. While awaiting definitive evidence, hospitals can implement 
two simple and inexpensive strategies to improve the delivery of antibiotics: 1) give 
the first dose of antibiotics in the A&E department before transfer to the AMAU; and 
2) for patients admitted directly to the AMAU, prescribe a first dose for immediate 
administration in the once only section of the prescription chart. 
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Table 1 Characteristics of the AMAU at study and control sites 
Characteristics: Intervention Control 

 2001/02 2002/03 2001/02 2002/03 

Total number of admissions  
(November 1st – April 31st) 
 

6065 5922 3431 
(Total) 

 
2320 

(Medical) 

3581 
(Total) 

 
2393 

(Medical) 
 

Mean number of admissions to the  
AMAU per day 
 

33.5 32.7 18.9 
(Total) 

 
12.8 

(Medical) 

19.8 
(Total) 

 
13.2 

(Medical) 

Number of medical staff working on the 
AMAU 
 

1 to 3 JHO, 1 to 2 SHO 
depending on the time 
of day. 24-hour cover 
by a SpR 

0900 – 2200: 1 JHO. 
24-hour cover by a 
SHO or SpR 

Patient/doctor ratio* 
 

0.1 to 1.0 0.2 to 0.4 

Number of nursing staff working on the 
AMAU (excludes shift overlaps) 
 

5 to 8 trained nurses 
depending on the time 
and day 
 

3 to 6 trained nurses 
depending on the time 
and day 

Patient/nurse ratio* 0.2 to 0.3 0.1 to 0.3 

AMAU – Acute Medical Admissions Unit; JHO – Junior House Officer(s); SHO – Senior House 
Officer(s); SpR – Specialist Registrar. * Number of admissions per doctor/nurse per hour  
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Table 2 Descriptive statistics – demographics, co-morbidity and severity 
Hospital: Intervention Control Intervention Control 

Period*: 
 

2001-02 
Before 

2001-02 
Before 

2002-03 
After 

2002-03 
After 

Patients reviewed for inclusion 623 770 

Total number of patients included 181 60 209 53 

Demographics 

Age – Mean (SD)  
Median [Range] 
 

69 (19) 
73 [16-98] 

 

74 (16) # 
79 [21-97]  

70 (17) 
74 [16-98] 

68 (19) 

72 [17-96] 

Sex – % male 
 

47 55 45 43 

Residency – % living in own home 
 

78 83 83 85 

Living alone – % 
 

39 47 37 15# 

Co-morbidity and Severity Assessment 
Co-morbidity – % with at least one significant co-
morbid illness (median number of chronic illnesses) 
 

68 
(1) 

72 
(1) 

66 
(1) 

57 
(1) 

Severity assessment: 
CURB65 score (%): 
1 (least severe) 
2 
3 (most severe) 
 
British Thoracic Society core adverse prognostic 
indicators (% with each): 
New confusion 
Urea >7mmol/l 
Respiratory rate ≥30 per minute 
Systolic BP <90mmHg  
Diastolic BP ≤60mmHg 
 

 
 

34 
29 
37 

 
 
 

31 
58 
13 
7 
27 

 
 

33 
22 
45 

 
 
 

35 
63 
20 
0# 

15~ 

 
 

28 
28 
44 

 
 
 

37 
57 
29 

8 
31 

 
 

40 

41 
19# 

 
 
 

15# 

62 
19 
2 
8# 

*All periods are 1st November-31st April inclusive  
# Statistically significant difference between intervention and control sites 
~ Trend towards statistical significance (p>0.05≤0.1) 
CURB65 3 (Severe) = 3 or more of: 1) respiratory rate ≥30 per min., 2) systolic BP <90mmHg or 
diastolic BP ≤60mmHg, 3) urea >7.0 mmol/l, 4) new confusion or MMSE ≤8, and 5) age ≥65 years  
CURB65 2 (Moderately severe) = 2 of the above 5 criteria 
CURB65 1 (Non-severe) = 0 or 1 of the above 5 criteria 
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Table 3 Primary and Secondary Outcomes  
(Positive differences indicate higher values at the intervention hospital) 

Pre-intervention 
Number 

% 
(95% CI) 

Post-intervention 
Number 

% 
(95% CI) 

Period: 
 
 
 
Hospital: Study 

N=181 
Control 

N=60 
Study 
N=209 

Control 
N=53 

Adjusted absolute 
change1 

% 
(95% CI, P-value) 
[Unadjusted absolute 
change, 95% CI, P-
value] 

Adjusted 
difference in 
absolute change 
from baseline 2 

% 
(Unadjusted 
difference) 

1. Number of 
patients 
receiving 
appropriate 
antibiotics 
within 4-hours of 
admission 

60 
33% 

(26-41) 

19 
32% 

(20-45) 

118 
56% 

(49-63) 

19 
36% 

(23-50) 

17% 
(1 to 32, 0.035) 

[20, 5 to 35, 0.009] 

17% 
(19%) 

 

2. Number of 
patients 
receiving 
appropriate 
antibiotics 
within 8-hours of 
admission 

90  
50%  

(42-57) 

27 
45% 

(32-58) 

157 
75% 

(69-81) 

38  
72% 

(58-83) 

-1%  
( -14 to 14, 1.0) 

[3, -10 to 17, 0.6] 

-1% 
(-2%) 

3. Appropriate 
antibiotics 
Number of 
patients receiving 
appropriate initial 
antibiotics 

136 
75% 

(68-81) 

37 
62% 3 

(48-74) 

182 
87% 

(82-91) 

41 
77% 

(64-88) 

10% 
(-1 to 22, 0.08) 

[10, 1 to 21, 0.08] 

6% 
(-3%) 

 

4.    Time to 1st dose 
of antibiotic 
given in hospital 
– Number within 
4-hours of 
admission  

 

91 
50% 

(43-58) 

30 
50%  

(37-63) 

150 
72% 

(65-78) 

27 
51% 

(37-65) 

15% 
(2 to 29, 0.028) 

[21, 7 to 35, 0.004]  

13% 
(20%) 

 
 

5.     Length of stay 4: 
Mean  

        (95% CI)  
        Median  
        (95% CI)  
 

 
7 

(6-8) 
5 

(4-6) 
 

 
7 

(5-9) 
5 

(3-7) 

 
7 

(6-8) 
6 

(5-7) 
 

 
8 

(6-9) 
6 

(5-7) 

 
-1 mean day 
(Unadjusted) 

Cox regression: 
P = 0.5 

  
1 mean day 
(Unadjusted) 

 
 

6. 30-day mortality 
 
             
              Data not available 

34 
19% 

(14-26) 
5 

13 
22% 

(12-35) 
1 

38 
19% 

(14-25) 
5 

5 
10% 

(3-21) 
1 

-5% 
(17 to –7, 0.4) 

[9, 20 to –2, 0.1] 

-4% 
(-12%) 

 

1. Absolute change = Intervention site – Control site post-implementation 
2. Difference in absolute change from baseline = (Intervention post – Intervention pre) – (Control post – Control 
pre) 
3. Statistically significant pre-intervention difference between Intervention and Control (p=0.03) 
4. Excludes deaths and patients with a length of stay >30 days  
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Table 4 Cost-effectiveness analyses 

 No evaluation Limited evaluation 

Intervention costs (design, 
implementation ± evaluation) 

£4841 £17,809 

Adjusted net difference in cost of 
first dose of antibiotics 

+£443 (CI +£209 to +£ 675) 

Total net costs £5284 £18,252 

Additional patients receiving 
appropriate antibiotics within 4h 

40 (CI 19 to 63) 

Cost per additional patient receiving appropriate antibiotics within 4 hours 

Cost-effectiveness ratio (CER) £132 £456 

Sensitivity analyses 

CER with 95% CI for effect 

Lower 
Upper 

 

£278 
£84 

 

£961 
£290 

CER for project over time1 

1 year 
3 years 
5 years 

 

£91 
£60 
£54 

 

£254 
£111 

£82 

Cost per death prevented 

Number of additional patients who 
need to receive antibiotics within 4 
hours to prevent one death (NNT) 

42 (95% CI 26 to 129) 

Estimated cost saving based on a 0.4 
day reduction in mean length of stay 
(excluding patients who died) 

£2424 

Total net costs £2860 £15,828 

Cost-effectiveness ratio (CER)2 

CER using lower 95% CI for effect 
CER using upper 95% CI for effect 

£71.50 
£150.50 

£45 

£396 
£833 
£251 

Cost per death prevented £3003 £16,632 

Range for cost per death prevented 
using sensitivity analyses for cost per 
additional patient receiving 
appropriate antibiotics within 4 hours 
and upper/lower 95% CI for NNT 

£1170 to £19,414 £6526 to £107,457 

1. Assuming 400 CAP admissions per year 
2. Cost per additional patient receiving appropriate antibiotics within 4 hours 
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Figure 1: Changes over time in the % of patients receiving appropriate antibiotics within four hours of admission. Data from the 

intervention site are shown monthly. Data from the control site are shown bi-monthly
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Appendix 4 - Details of personnel, development, implementation and evaluation costs 
 Total project costs from 

the intervention hospital’s 
perspective 

Costs to a hospital adapting 
and implementing the 

intervention and performing 
a limited evaluation 

Personnel  

Clinical research fellow  £60558-75 
(21-months @  

£2883-75/month) 

£12776-40 
(780 hours* @  
£16-38/hour) 

Secretarial support 
 

£3168 
(One day a week for  

12-months) 

£1584 
(One-half day a week for  

12-months) 
Development 

Agendas/minutes to 14 steering group members 
(6 meetings) 

£84-43 £84-43 
 

Costs of steering group members to attend 
above meetings (Consultant = 13h, GP = 10h, 
specialist nurse = 10h, A&E SpR = 1h, senior 
statistician = 1h) 

£1034-42 £1034-42 

Quantitative survey (6 page questionnaire to 83 
medical staff) 

£25-60 - 

Qualitative survey (Includes cost of two courses 
to train the research fellow, recording 
equipment, consumables and transcription of 8 
interviews) 

£2648-27 - 

Implementation 

Production and dissemination of 
implementation packs1 to 164 medical unit staff 
and 37 A&E staff (Unit price = £1-49) 

£298-68 £298-68 
 
 

A2, A3 and A4 wall-based laminated 
management pathways for 11 medical wards, 
seminar rooms and doctors’ offices (Unit prices: 
A2 = £38-13; A3 = £2-23; and A4 = £1-07) 

£466-46 £466-46 

Printing and dissemination of implementation 
packs2 to A&E and ward managers (Unit price 
= £7-10) 

£85-23 £85-23 

Feedback letters (A4 letters to 121 hospital-
based staff on 3 occasions; unit price = £0.15) 

£53-38 £53-38 

Educational sessions (N = 9): Includes cost of 
posters to advertise meetings, slide production, 
refreshments and consumables 

£287-13 £287-13 

Evaluation 

Consumables: 
Intervention site 
Control site 

 
£178-86 
£56-89 

 
£178-86 
£56-89 

Data processing:  
Intervention site 
Control site 

 
£565-50 
£163-85 

 
- 
- 

Travel (One 20 mile trip to control hospital per 
week for 12 months) 

£808-68 £808-68 

Miscellaneous consumables £95-16 £95-16 

Total £70579-29 £17809-72 

1. 3 page explanatory letter + A4 colour management pathway + 5 page interactive workbook + laminated A6 pocket pathway  
2. 2 page explanatory letter + 10 A4 colour management pathways to disseminate to ward/unit nursing staff 
* Includes 2 hours per day for simplified prospective data collection at Intervention and 4 hours per week travelling and 
collecting data at Control plus 52 hours for: preparing the agendas and minutes for the steering group meetings, attending 
steering group meetings, preparing and doing the educational sessions and continuous audit and feedback 
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