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Background: In behavioural economics, a nudge describes configuration of a choice to encourage a certain action without taking away freedom of choice. This study aimed to determine the impact of a nudge strategy -pre-filling either 3 mL or 5 mL syringes with midazolam -on endoscopic sedation practice.

Methods: Consecutive patients undergoing sedation for EGD or colonoscopy were enrolled. On alternate weeks, midazolam was prefilled in either 3 mL or 5 mL syringes. Pre-procedure sedation was administered by the endoscopist in order to achieve moderate conscious sedation, dosages were at the discretion of the endoscopist. Meperidine was not prefilled.

Results: Overall, 120 patients received sedation for EGD (59 [5 mL], 61 [3 mL]) and 86 patients were sedated for colonoscopy (38 [5 mL], 48 [3 mL]). For EGDs, average midazolam dose was significantly higher in the 5 mL group (5.2 mg) vs 3 mL group (3.3 mg), p < 0.0001; for colonoscopies, average midazolam dose was also significantly higher in the 5 mL group (5.1 mg) vs 3 mL group (3.3 mg), p < 0.0001.

There was no significant difference in mean meperidine dose (42.1 mg vs 42.8 mg, p = 0.9) administered to both colonoscopy groups. No adverse sedation related events occurred; no patient required reversal of sedation.

Conclusions: These findings demonstrate that nudge strategies may hold promise in modifying endoscopic sedation practice. Further research is required to explore the utility of nudges in impacting other aspects of endoscopic practice. The term 'nudge' is used to describe configuration of a choice to encourage a certain course of action without taking away freedom of choice. It has been popularized in recent years following publication of the book "Nudge: Improving Decisions about Health, Wealth, and Happiness" by Richard Thaler and Cass Sunstein, two economists from the University of Chicago [START_REF]Nudge: Improving Decisions about Health, Wealth, and Happiness[END_REF]. The book uses principles of psychology and behavioural economics to explore the science of decision-making and the role of nudges that preserve freedom to make choices while encouraging people to make better ones. This branch of behavioural science is already widely used in shaping many aspects of public policy. Examples of nudges include automatic enrolment in 401(k) plans that require people to opt out if they don't want to save for retirement or meters that warn people about the amount of energy being used to encourage them to reduce energy use.

Despite its popularity in public policy decisions, to date there are few published studies in the medical literature evaluating the impact of nudge strategies on routine clinical care. This study was designed to evaluate the impact of a nudge strategy on endoscopic sedation practice. Provision of adequate sedation is a key component of endoscopy practice. Most endoscopic procedures are performed with the patient under moderate conscious sedation, a level of sedation at which the patient can still respond to verbal stimulation. Routinely, this is achieved through administration of a benzodiazepine and/or narcotic. Although both the American Society of Gastrointestinal Endoscopy (ASGE) (2) and the British Society of Gastroenterology (BSG) (3) have published guidelines regarding safe sedation practice, significant inter-endoscopist variation exists in the doses of sedatives administered (4). This study aimed to determine the impact of pre-filling either 3 mL or 5 mL syringes with midazolom -the nudge -on the behaviour of endoscopists when administering sedation. 

F

Methods:

This study was conducted in Beaumont Hospital, Dublin, Ireland. This is a tertiary care referral hospital affiliated with the Royal College of Surgeons of Ireland medical School. Consecutive outpatients scheduled for EGD or colonoscopy who opted to receive conscious sedation were enrolled over the course of the eight week study period, June and July 2010. Routinely, in this endoscopy unit, approximately 80-90% of patients undergoing EGD elect to receive sedation while almost all patients undergoing colonoscopy opt for sedation. Patients undergoing flexible sigmoidoscopy were not enrolled as this procedure is generally performed without sedation in this hospital. To achieve moderate conscious sedation, patients undergoing EGD routinely receive midazolam; patients undergoing colonoscopy routinely receive midazolam and meperidine in this endoscopy unit. Procedures were performed by six endoscopists each with experience of independently performing at least 3,000 EGDs and at least 3,000 colonoscopy procedures.

Prior to commencement of this study, both 3 mL and 5 mL syringes were routinely used for midazolam in this endoscopy unit. Endoscopists transferred midazolam from the vial to the syringe immediately prior to administration to the patient on an asrequired basis. None of the six endoscopists either consistently used one volume syringe nor had a strong preference for one volume syringe over another. For the duration of the study, midazolam was prefilled in either 3 mL (containing 6 mg midazolam) or 5 mL (containing 10 mg midazolam) syringes on alternate weeks.

Multiple syringes were prefilled with midazolam by the endoscopist prior to commencement of the procedure list -a sufficient number of syringes for all the patients scheduled for that list. Therefore, although patients were blinded to the size of syringe used, endoscopists were aware of syringe size. Meperidine syringes were not prefilled. Meperidine was transferred from the vial to a standard 2 mL syringe on an as-required basis immediately prior to administering to the patient. All syringes were clearly labelled with the contained sedative agent.

Endoscopists aimed to achieve moderate conscious sedation during procedures, a level of sedation during which verbal responsiveness was maintained with the patient.

There were an ample number of pre-filled syringes available for each procedure. Endoscopists could therefore use as many pre-filled syringes of midazolam as they felt necessary; conversely, endoscopists did not have to 'empty' the pre-filled syringe if the patient required less than the syringe contents. Sedation doses were entirely at the endoscopist's discretion. Two nurses were present during each endoscopy procedure and sedation was administered by the endoscopist or, occasionally if intraprocedure supplementary sedation was required, one of the nurses would administer this on the instructions of the endoscopist. The endoscopist judged the patient's depth of sedation in each case. Patients' pulse rate, blood pressure and oxygen saturation (using pulse oximetry) were closely monitored during procedures.

All six endoscopists performed approximately equal proportions of their procedures on the 3 mL and 5 mL syringe weeks and patients were randomly assigned among endoscopists. This reduced the confounding effect of sedation practices of individual endoscopists (i.e. whether they were 'heavy sedators' or 'light sedators') on the findings. Patient demographic information, sedation dosages, procedure duration, adverse sedation related events (e.g., hypoxia, hypotension) and the need to administer a sedation reversal agent (e.g., flumazenil) were recorded for each procedure. Ethical approval for the study was obtained from the Institutional Review Board.

Statistical analysis:

To detect a difference of 0.2mg in sedative dose between patient groups, which we considered to be clinically significant, a sample size of 32 patients per group was required, given with a two-sided 5% significance level and a power of 80%. The primary endpoint of this study was the dose of sedative required to achieve moderate conscious sedation. Comparison of categorical variables, which were all normally distributed, was performed by chi-squared test for parametric data while comparison of continuous variables was performed by Student t test. A p value of <0.05 was considered statistically significant. Overall, 120 patients received sedation for EGD procedures (Figure 1); 59 patients in the 5 mL group and 61 patients in the 3 mL group; all patients received midazolam.

Eighty-six patients were sedated for colonoscopy; 38 patients in the 5 mL group and 48 patients in the 3 mL group; all these patients received a combination of midazolam and meperidine. There were no statistically significant differences in patient demographic features and procedure durations of both patient groups, as illustrated in table 1.

EGD patient groups:

For EGDs, average midazolam dose was significantly higher in the 5 mL group (5.2 mg) vs 3 mL group (3.3 mg), p < 0.0001, as illustrated in Figure 2. There were no adverse sedation related events in either patient group and no patients required reversal of sedation.

Colonoscopy patient groups:

The average midazolam dose administered to patients undergoing colonoscopy was significantly higher in the 5 mL group (5.1 mg) vs 3 mL group (3.3 mg), p < 0.0001, as shown in Figure 2. There was no significant difference in mean meperidine dose (42.1 mg vs 42.8 mg, p = 0.9) administered to both groups, as illustrated in Figure 3.

No adverse sedation related events occurred in either patient group and no patient required reversal of sedation. The findings of this study demonstrate that nudge strategies may hold promise in modifying endoscopic sedation practice and, indeed, may even be of benefit when applied more broadly to other aspects of endoscopists' behaviour. This is the first randomized controlled trial to date to assess the impact of nudges on endoscopic sedation practice. Both the ASGE (2) and BSG (3) guidelines on endoscopic sedation practice advocate a practice of achieving moderate conscious sedation through administration of the minimum sedative dose required to provide adequate patient comfort. Our findings illustrate the power of a subtle modification in routine practice (altering syringe size) in facilitating conscious sedation with lower, and one would suspect, safer sedation doses.

The science of choice architecture -the manner in which decisions are influenced by how choices are presented -was widely popularized in the book "Nudge: Improving Decisions about Health, Wealth, and Happiness" (1). This publication contains many examples of nudges which are increasingly being integrated into everyday life. A simple but effective example is the placement of healthy foods in a school cafeteria at eye level, while making less healthy junk food harder to reach. In this scenario, school children are not prevented from eating what they want; however the food choices are arranged so that junk food consumption decreases and healthier foods are more likely to be consumed. In the context of health care policy, nudge strategies carry enormous potential. To increase organ donation rates, some policy makers argue that for drivers to renew their driver license, they should be required to state their organ donor status. An alternative more radical approach that has been proposed would even mandate individuals to opt out of being an organ donor rather than opt in.

In our study, although endoscopists were aware of the differences in syringe size and were aware that sedation doses were being recorded, they were unaware of the study hypothesis (i.e. that smaller syringes would 'nudge' them towards administering lower doses of sedation). Interestingly, endoscopists did comment during the study that they noticed they were inclined to give smaller sedation doses with the smaller pre-filled syringes, i.e. they were becoming aware of the 'nudge' effect. In the medical literature to date, perhaps the most common form of nudge to be studied is feedback and its impact in altering physicians' behaviour. In the gastroenterology literature, several studies have explored the role of feedback in enhancing colonoscopy performance. Overall, results have been mixed. A Mayo Clinic study assessed the impact of systematic feedback provided by e-mail on colonoscopy performance and found this to be associated with enhanced cecal intubation rates and shortened insertion times (5). Shaukat et al evaluated the impact of educational and quality improvement interventions on adenoma detection at colonoscopy in a community-based practice [START_REF] Shaukat | Variation in detection of adeonomas and polyups by colonoscopy and change over time with a performance improvement program[END_REF]. These systematic interventions included individual feedback to endoscopists on their adenoma detection rates, personal discussions between practice leaders and poorly performing endoscopists and even financial penalties for excessively rapid withdrawal time. In contrast to the Mayo Clinic study, the results were disappointing. Despite the broad ranging nature of these nudges, the authors did not demonstrate any improvement in adenoma detection. Singh et al implemented a quality improvement initiative in a tertiary care Veteran Affairs facility to improve follow-up of FOBT positive results with good results [START_REF] Singh | Using a multifaceted approach to improve the follow-up of positive fecal occult blood test results[END_REF]. Quality improvement activities included education of Primary Care Providers regarding colorectal cancer screening guidelines and feedback on the timeliness of their referral of patients with positive FOBT for colonoscopy. Feedback took the form of both a computerized alert system and mail notification. The proportion of patients who received a timely colonoscopy referral and performance increased significantly post-feedback. The variable success of these nudge strategies illustrates the need for care when applying this approach. For maximum effect, a nudge should be tailored specifically to the target group. If the nudge takes the form of feedback, it needs to be compelling enough to alter behaviour. Similarly, financial incentives or penalties need to be customized to the target audience; only by characterizing the target group and understanding their priorities, their beliefs on tradeoffs and their values can targeted nudges be effectively implemented.

Sedation practice was considered a suitable area to apply a nudge strategy in this study as sedation dosages in endoscopy vary widely [START_REF] Rex | Sedation and the technical performance of colonoscopy[END_REF][START_REF] Cohen | Endoscopic sedation in the United States: results form a nationwide survey[END_REF]. Although the ASGE has published guidelines on safe endoscopic sedation practice, no maximum doses of sedatives have been specified, rather dosages are left to the endoscopist's discretion [START_REF] Waring | Guidelines for conscious sedation and monitoring during gastrointestinal endoscopy[END_REF]. In contrast, the BSG does recommend that the average dose of midazolam not [START_REF] Teague | Safety and sedation during endoscopic procedures[END_REF]. Interestingly, patients assigned to the 5 mL syringe group for both EGD and colonoscopy in our study received average midazolam doses in excess of this recommendation. An audit of endoscopy practice in the United Kingdom indeed demonstrated that 25% of patients routinely receive in excess of 5 mg of midazolam for their endoscopic procedure [START_REF] Bowles | A prospective study of colonoscopy practice in the UK today: are we adequately prepared for national colorectal cancer screening tomorrow[END_REF]. Despite these 'excessive' sedation doses, GI endoscopy remains a safe procedure. A review of over 14,000 EGD procedures has demonstrated a rate of cardiopulmonary incidents of 0.2% [START_REF] Quine | Prospective audit of upper gastrointestinal endoscopy in two regions in England: safety, staffing, and sedation methods[END_REF] while another review of over 21,000 procedures showed a similarly low rate of 0.5% for cardiovascular complications, ranging from transient hypoxemia to severe cardiorespiratory compromise [START_REF] Arrowsmith | Results from the ASGE/US Food and Drug Administration collaborative study on complication rates and drug use during gastrointestinal endoscopy[END_REF].

Reassuringly, in our study, there were no adverse sedation related complications although considering their infrequent occurrence, our study was underpowered to detect this endpoint. Nonetheless, it is desirable to achieve conscious sedation with as low a sedative dose as possible while providing adequate patient comfort. Our study findings indicate that routine use of a 3 mL rather than a 5 mL midazolam syringe facilitates conscious sedation with lower sedative doses. Although the initial bolus dose of sedation administered was not recorded in our study, all participating endoscopists reported that they routinely administered 2 to 3mg of midazolam as a bolus dose pre-procedure and that this practice was not impacted by the syringe size.

They generally waited several minutes for this to take effect before determining if supplementary dosing, generally administered in 1 to 2mg increments, was required to achieve adequate sedation. It appears that the intra-group differences in midazolam doses arose from the differing supplementary doses given after the initial bolus.

Several limitations of this study are noteworthy. First, there was no measurement of patient satisfaction to assess adequacy of sedation from the patient's perspective or physician satisfaction with the ease of sedation administration. All endoscopists did sedate patients to adequate, safe levels and supplementary sedation was administered during procedures if any patient appeared to be in discomfort. This was entirely at the endoscopist's discretion and there was no limit to the quantity of sedation that could be administered in either patient group; for example, one patient required 20mg of midazolam. Similarly, as endoscopists had an ample number of pre-filled syringes of midazolam available in both patient groups, this should have limited any possible endoscopist dissatisfaction. However, relying on the endoscopist's estimation of Patient weight, procedure duration, routine use of anxiolytic medication by the patient are all factors to be considered. Although procedure duration was recorded (and was not significantly different between both patient groups), other variables such as patient weight and regular benzodiazepine usage were not recorded. However, with the randomized design of the study, it would be expected that these variables would be evenly distributed among both patient groups. Third, although there are no statistically significant differences in the baseline demographics among the two groups (Table 1), the differences in both age and gender distribution may carry clinical significance. The 5ml syringe group was slightly younger (for both EGD and colonoscopy) and the 5ml colonoscopy group did have a higher proportion of female patients. Recognizing that older patients generally receive less sedation for safety reasons and that female patients tend to require higher doses of sedation, this may be contributing to the differences in sedation we observed among patient groups. Fourth, as mentioned above, our patient numbers did not gear us with sufficient power to demonstrate meaningful differences in sedation-related adverse outcomes between patient groups. However, as a proof-of-concept study, our results do succeed in demonstrating the utility of a nudge in lowering the sedation doses required to achieve moderate conscious sedation. The underlying assumption is that in larger patient cohorts this reduced sedation dose would translate into fewer sedation related adverse events and overall enhanced patient safety. Larger scale prospective studies would be required to answer this question.

In conclusion, this study provides interesting insight into the utility of nudge strategies in modifying endoscopic sedation practice. More specifically, our findings support the routine use of a 3 mL syringe rather than a 5 mL syringe for midazolam as this appears to be associated with administration of lower sedative doses to achieve conscious sedation which would enhance patient safety. Further studies will be helpful to explore the broader application of nudges in impacting other aspects of endoscopic practice. 
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  for patients undergoing either EGD or colonoscopy

  not ideal and incorporation of a validated instrument for measuring patient comfort levels would have been preferable. Second, there are several factors which influence the level of sedative required to achieve adequate patient comfort.

Figure 1 :

 1 Figure 1: Flow diagram of EGD and colonoscopy patient groups assigned to 3 mL and 5 mL syringes.

Figure 2 :

 2 Figure 2: Mean dose of midazolam (mg) administered to patients undergoing EGD and colonoscopy in groups assigned to 3 mL and 5 mL syringes.

Figure 3 :

 3 Figure 3: Mean dose of meperidine (mg) administered to patients undergoing colonoscopy in 3 mL and 5 mL patient groups.

  

  

  

Table 1 :
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