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    Abstract
Background: Overuse of antimicrobial therapy in the community adds to the global spread of antimicrobial resistance, which is jeopardizing the treatment of common infections.

Methods: We designed a cluster randomized complex intervention to improve antimicrobial prescribing for urinary tract infection in Irish general practice. During a 3-month baseline period, all practices received a workshop to promote consultation coding for urinary tract infections. Practices in intervention arms A and B received a second workshop with information on antimicrobial prescribing guidelines and a practice audit report (baseline data). Practices in intervention arm B received additional evidence on delayed prescribing of antimicrobials for suspected urinary tract infection. A reminder integrated into the patient management software suggested first-line treatment and, for practices in arm B, delayed prescribing. Over the 6-month intervention, practices in arms A and B received monthly audit reports of antimicrobial prescribing.

Results: The proportion of antimicrobial prescribing according to guidelines for urinary tract infection increased in arms A and B relative to control (adjusted overall odds ratio [OR] 2.3, 95% confidence interval [CI] 1.7 to 3.2; arm A adjusted OR 2.7, 95% CI 1.8 to 4.1; arm B adjusted OR 2.0, 95% CI 1.3 to 3.0). An unintended increase in antimicrobial prescribing was observed in the intervention arms relative to control (arm A adjusted OR 2.2, 95% CI 1.2 to 4.0; arm B adjusted OR 1.4, 95% CI 0.9 to 2.1). Improvements in guideline-based prescribing were sustained at 5 months after the intervention.

Interpretation: A complex intervention, including audit reports and reminders, improved the quality of prescribing for urinary tract infection in Irish general practice.

Trial registration: ClinicalTrials.gov, no. NCT01913860


See also page 94 and www.cmaj.ca/lookup/doi/10.1503/cmaj.151103

In its recent global report on antimicrobial resistance, the World Health Organization warned that widespread resistance is not just a future threat but a present-day reality. Many of the current treatment options for common infections are becoming less effective.1,2 The World Health Organization pointed out that tackling antimicrobial resistance requires a multisectoral approach involving patients, health care workers, policy-makers and industry.2
With the Supporting the Improvement and Management of Prescribing (SIMPle) study, we aimed to improve antimicrobial prescribing for urinary tract infection in primary care through a multifaceted complex intervention with interactive, multimedia and electronic components integrated into routine care.3 In this article, we report on the quality of prescribing measured against national guidelines for the prescribing of antimicrobials.4
Methods
The study protocol was described previously.3 The SIMPle study was a 3-armed complex intervention, with practice-level randomization. Eligible practices were members of the Irish Primary Care Research Network that were using a particular type of patient management software. The Irish Primary Care Research Network is an established national research network of general practices. Of the 32 eligible practices invited by letter, 30 confirmed their participation in a follow-up phone call. Upon confirmation, each practice was sequentially assigned to 1 of the 3 study arms, according to a computer-generated randomization schedule.
Intervention
The intervention, based on prior formative research,3 aimed to improve the quality of antimicrobial prescribing for urinary tract infection in primary care through a multifaceted complex intervention with interactive, multimedia and electronic components (Table 1).
View this table:	View inline
	View popup



Table 1: Activities in the Supporting the Improvement and Management of Prescribing (SIMPle) study



In phase 1 (baseline data collection), all general practitioners from each participating practice were invited to a coding workshop, during which the SIMPle study was explained, including the importance of consultation coding for the generation of audit reports. Phase 2 began with an interactive workshop, with differing content based on the intervention arm. Practices in intervention arm A received information on national guidelines for antimicrobial prescribing, and the first practice audit report (phase 1 data) was discussed. Practices in intervention arm B received the same information as those in arm A, along with additional evidence to support delaying antimicrobial prescriptions for suspected urinary tract infection. For practices in both intervention arms, whenever a consultation was coded as urinary tract infection, a reminder outlining the guidelines (including a link to the website www.antibioticprescribing.ie) appeared. For practices in arm B, the reminder also urged the physician to consider delayed prescribing. Practices in the intervention arms received a monthly audit of antimicrobial prescribing for urinary tract infection (by email). To standardize the intervention, control practices received a workshop focused on the coding routine. In phase 3 (intervention arms only), a multimedia application was introduced, which included a game for children and an infomercial for adults addressing antimicrobial awareness (Bug Run School Days), accessible to patients in the physicians’ offices.
After the 6-month intervention period, control practices received all of the intervention materials, as well as their respective audit reports. Phase 4, the follow-up period, started at the end of the intervention and included a 5-month period of passive data collection to evaluate sustainability of any change in antimicrobial prescribing.
Figure 1 shows the CONSORT flow diagram for the study. Patients visiting participating practices were automatically enrolled (passive consent) and were informed of the SIMPle study through information leaflets and posters displayed in the waiting room.
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Figure 1: CONSORT flow diagram for the Supporting the Improvement and Management of Prescribing (SIMPle) study. GP = general practitioner. *Invitations were extended to practices that met the initial inclusion criterion until the target number of practices (n = 30) was reached. The remaining 14 practices met the eligibility criteria, but were not needed and hence were not invited.



Phase 1 started in June or July 2013 (depending on the practice), phase 2 started in September or October 2013, and phase 3 was introduced at the end of November 2013. The intervention ended Mar. 31, 2014.
The practice audit report met the Irish Medical Council requirement for general practitioners to maintain their professional competence. The Irish College of General Practitioners Research Ethics Committee reviewed and approved the intervention protocol.

Outcome measure
The primary outcome measure was proportion of prescriptions for recommended first-line antimicrobials for suspected urinary tract infection in intervention arms A and B, relative to the control arm.

Sample size
The sample size was based on an absolute increase of 10% in the proportion of prescriptions for first-line antimicrobials in intervention arm A relative to control. A total of 920 patients with suspected urinary tract infection from 20 practices would give a power of 80% to detect a significant change in the proportion of patients receiving a first-line antimicrobial treatment in intervention arm A relative to the control arm (intraclass correlation 1%5).

Data collection
Throughout the study, data were extracted through the patient management software. We analyzed all antimicrobial prescriptions to compare overall prescribing and the prescribing of specific antimicrobials in each study arm. For each consultation with a physician, we extracted the patient’s age, sex and medical card status. In Ireland, holders of medical cards receive free health care and medications. Entitlement to a medical card is based on income and age, and about one-third of the population under 70 years of age have a medical card.6 For patients with repeat consultations (within 30 days), only the first repeat consultation was considered. For each practice, the number of antimicrobial prescriptions per 100 practice consultations was calculated as a measure of practices with high and low prescribing. Other practice variables included the number of general practitioners, the presence of a practice nurse, the number of patients with a medical card, mean age of patients and mean age of general practitioners.

Statistical analysis
We took a population-averaged approach, using generalized estimating equation analysis with an exchangeable correlation structure, which allows a random intercept.7 This approach allowed clustering at the practice level and predicted first-line antimicrobial prescribing for urinary tract infection as a function of study arm, with adjustment for practice and patient characteristics. We ran similar models for each antimicrobial agent. We calculated adjusted odds ratios (ORs) for antimicrobial prescribing and associated 95% confidence intervals (CIs). We estimated intraclass correlation coefficients with the (xtgee) post-estimation function (estat wcorrelation). Overall statistical analysis was performed with IBM SPSS version 21.0, and the generalized estimating equation analysis was performed with STATA 13 software.

Deviations from protocol
The primary objective of the intervention was to improve the prescribing of first-line antimicrobials according to national guidelines. Trimethoprim and nitrofurantoin were both recommended as first-line treatment; however, the guidelines recommend using these first-line antimicrobials only below the resistance threshold of 20%.8 The prevalence of trimethoprim resistance was above this level,9 such that only nitrofurantoin remained as a recommended treatment. To be faithful to the protocol, both first-line treatment (i.e., trimethoprim or nitrofurantoin) and treatment with nitrofurantoin only were reported. In addition to the primary outcome, we determined changes in the frequency of prescribing (secondary objective), as well as specific other prescribing and reconsultation data to aid in the interpretation of the results. We based the power calculation on conservative estimates, according to active identification of patients by the general practitioners, similar to previous studies.5 Given the passive consent approach, we decided to adhere to the timelines set out in the protocol, which resulted in a larger sample size than planned.


Results
Demographic characteristics
A total of 30 practices, accounting for 71 general practitioners, were randomly assigned to the 3 study arms (Table 1 and Figure 1). Over the 9-month study period, we recorded a total of 3314 consultations for urinary tract infection (Table 2), evenly spread among the 3 arms over the entire intervention period. Nearly 32% (n = 1050) of the consultations were recorded in the baseline period (3 mo) and 68.3% (2264) during the intervention period (6 mo). The proportion of consultations in which an antimicrobial agent was prescribed was 67.0% (704/1050) in the baseline period and 73.5% (1664/2264) in the intervention period.
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Table 2: Overview of practices and patients for a study of antimicrobial prescribing for urinary tract infection



The consultations for urinary tract infection involved mostly women (89.4% [2963/3314]) and patients with a medical card (66.0% [2187/3314]). The mean age of patients was 56.1 (standard deviation 20.7) years. The total number of patients included in the analysis was 2560, with a mean of 110 (standard deviation 13.6) patients per practice (range 34 to 328). Table 2 presents an overview of practice and consultation characteristics.

Prescribing practices
Antimicrobial prescribing did not differ among groups during the baseline period, and a first-line antimicrobial agent was prescribed in 45.4% to 49.8% of the consultations for urinary tract infection (Table 3). At the end of the intervention period, the rate of first-line prescribing was 68.2% in arm A (absolute increase 22.8%), 66.5% in arm B (absolute increase 16.7%) and 44.1% in the control group (absolute decrease 1.7%). Relative to the control group, the absolute increase in first-line prescribing was 24.5% in arm A and 18.4% in arm B.
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Table 3: Differences in prescribing before and during intervention in each arm (unadjusted)



When only nitrofurantoin was considered, the absolute increase in prescribing was 37.5% in arm A and 32.7% in arm B, whereas prescribing remained stable in the control arm (absolute difference 0.9%). However, the absolute change in percentage of consultations with prescribing of any antimicrobial was a 15.3% increase in arm A, a 5.9% increase in arm B and a 2.1% decline in the control arm. With consideration of the total percentage of antimicrobial prescribing in the intervention arms, the increase in nitrofurantoin prescribing came through replacement of trimethoprim (about 15%) and co-amoxyclav (amoxicillin and clavulanic acid; less than 10%) but not quinolones (see Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.150601/-/DC1).
The effect of the intervention was calculated as an OR in a logistic generalized estimating equation model (Table 4). The adjusted OR was 2.7 (95% CI 1.8 to 4.1) for intervention arm A and 2.0 (95% CI 1.3 to 3.0) for intervention arm B. The adjusted overall OR of 2.3 (95% CI 1.7 to 3.2) means that a patient visiting an intervention practice with symptoms suggestive of urinary tract infection was 2.3 times more likely to receive a prescription for a first-line antimicrobial than a similar patient visiting a control practice.
View this table:	View inline
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Table 4: Adjusted* effect of interventions by outcome



The adjusted odds that a patient would receive a prescription for nitrofurantoin were 4.5 (95% CI 2.7 to 7.3) in arm A and 3.5 (95% CI 1.9 to 6.3) in arm B. To identify the effect of increased prescribing, a model was run estimating the odds of receiving an antimicrobial depending on the arm. This model showed that patients in arm A had a higher chance of receiving an antimicrobial than patients in the control group (adjusted OR 2.2, 95% CI 1.2 to 4.0), but this was not so for patients in arm B (adjusted OR 1.4, 95% CI 0.9 to 2.1). No practice factors or other intervention approaches (e.g., multimedia applications) had a significant effect on the outcome.

Overall antimicrobial prescribing and sustainability
Figure 2 shows, for practice contacts with prescribing of any antimicrobial, the percentage in which nitrofurantoin was prescribed. For arm A, there was an increase from 26.8% at baseline to 64.3% during the intervention, which was sustained at 63.5% during follow-up. Similarly, for arm B there was an increase from 31.1% at baseline to 63.8% during the intervention, with only a slight drop, to 57.3%, during follow-up. Prescribing of nitrofurantoin in the control arm was about 35% both before and during the intervention, increasing to 47.8% during the follow-up period.
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Figure 2: Percentage of practice contacts in which nitrofurantoin was prescribed (for practice contacts with prescribing of any antimicrobial), before, during and after the intervention in each study arm. CI = confidence interval.




Coding of consultations
Given that nitrofurantoin is prescribed almost exclusively for patients with suspected urinary tract infection, the data for nitrofurantoin provided a basis for estimating completeness of implementation of coding. For each study arm and each practice, we examined the percentage of nitrofurantoin prescriptions accounted for by UTI-coded consultations (Table 5). Between 40% and 50% of the nitrofurantoin prescriptions were coded during the intervention, and this proportion dropped to less than 30% during follow-up.
View this table:	View inline
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Table 5: Proportion of UTI-coded nitrofurantoin prescriptions




Repeat consultations
A total of 68 repeat consultations were identified during the intervention period, and generalized estimating equation analysis showed no difference in repeat consultation between the intervention and control arms (arm A adjusted OR 0.5, 95% CI 0.2 to 1.3; arm B adjusted OR 0.4, 95% CI 0.1 to 1.1). However, patients who received nitrofurantoin during the index visit were less likely to have a repeat consultation (adjusted OR 0.6, 95% CI 0.3 to 0.99). No differences in repeat consultation were observed when other antimicrobials were prescribed at the index visit.


Interpretation
The primary aim of the SIMPle study was to improve the quality of antimicrobial prescribing according to guidelines. An absolute increase of 20% was achieved for practices in the intervention arms, and patients attending an intervention practice were twice as likely to receive a prescription for a first-line antimicrobial for their urinary tract infection as those attending a control practice.
The focus of our intervention was on increasing the proportion of antimicrobial prescriptions for nitrofurantoin. In line with recent updates to guidelines on the treatment of urinary tract infections,10 the use of quinolones is discouraged, to retain quinolones as a viable alternative if first-line treatment fails. With trimethoprim resistance higher than 20%, prescribing of nitrofurantoin was an alternative outcome. Patients visiting an intervention practice were up to 5 times more likely to receive a prescription for nitrofurantoin than any other antimicrobial. However, the improved quality of prescribing must be put into the context of its unintended effect, an increase in actual antimicrobial prescriptions. Research has shown that the nature of complex systems, such as general practices, where many interrelated factors influence antimicrobial prescribing, makes it difficult to predict the results of interventions. Although our intervention did not show results opposite to those we anticipated, the actual intervention effect was inflated. We can only speculate that a more stepwise approach, in which successful implementation of one behavioural change (improved prescribing) would be followed by a next step in behavioural change (limitation on prescribing), might be more appropriate.
From a societal perspective, the potential negative effect of increased use of antimicrobials may be mitigated if the increase involves nitrofurantoin. After extensive worldwide use of this drug for more than 50 years, there has been little evidence of acquired resistance to nitrofurantoin, and the use of this agent does not appear to predispose patients to resistance.11,12 Therefore, nitrofurantoin may be less harmful than and much preferred over other antimicrobials.13,14 Also, the lower number of repeat consultations among patients for whom nitrofurantoin was prescribed may support the finding that nitrofurantoin does not predispose patients to resistance.
Analysis of the 5-month follow-up data showed that the behavioural change initiated by the intervention was sustained and became embedded in clinical practice. However, coding of urinary tract infection consultations dropped after the intervention and thus was not embedded as a behavioural change. The potential of coding to provide practice-specific information, and thereby to facilitate audit reports, may need further emphasis.
In a cluster randomized controlled trial (RCT) in Norwegian general practice, which aimed to change the use of antimicrobials for urinary tract infection, patients received educational material and general practitioners received computer-based decision support and reminders.15 The RCT was delivered passively, without support related to guidelines. Despite the advanced design of this study’s intervention, the effect was limited. Another Norwegian study to limit antimicrobial prescribing for respiratory infections used an RCT design to implement multifaceted academic detailing as part of continuing medical education.16 In this RCT, there was better adherence to guidelines and a reduction in antimicrobial prescribing, which suggests that changing the prescribing behaviour of general practitioners should be integrated into their continuing education. A recent simple and low-cost RCT showed great promise in reducing inappropriate prescribing through the use of public commitment letters from general practitioners, without additional support; there was an absolute reduction of nearly 20% in inappropriate prescribing of antimicrobials, which did not diminish over the 1-year duration of the study.17 Buy-in from general practitioners through public commitment or appropriate incentives and integration of behaviour change as part of continuing education should be considered for future interventions.18
Limitations and strengths
This study had some limitations. First, the increase in overall prescribing of antimicrobials for urinary tract infection was unexpected, and it was not possible to conclude whether this was clinically appropriate or an unwanted consequence. This finding merits further study. Second, delayed prescribing could be identified only indirectly. For a future study, the option of recording a prescription as delayed in the patient management software should be considered; this option might even serve as a reminder. Other limitations included the study’s limited geographic range (leading to limited external validity), the relatively small number of practices and the input of a research team for the duration of the study.
This study also added value to existing evidence in several respects. An audit report, the key element in changing prescribing behaviour, included practice-specific information. Passive enrolment through coded consultations resulted in a larger sample size than anticipated, which reflects the simplicity of this study for general practitioners and serves as an example of integrating research into practice. The sustainability of the intervention was reflected by continued first-line prescribing at 5 months after the intervention. The success of the SIMPle study has garnered the interest of the Irish College of General Practice, and a national rollout is planned.


Conclusion
Clear, contextualized, practice-specific information in the form of feedback reports is a highly efficient method to investigate and change the antimicrobial prescribing behaviour of general practitioners. Research and practice can be integrated through novel data collection methods that do not require active recruitment. The SIMPle study, which involved a complex intervention including audit and feedback reports combined with reminders, improved the quality of antimicrobial prescribing for urinary tract infection in Irish general practice.
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