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1. Abstract 

Over 21 million surgical procedures take place among adults aged 65 and older in the US each year, and 
most older surgical patients in the US now receive benzodiazepines (e.g., midazolam, lorazepam) during 
anesthesia care. This occurs despite recommendations to avoid these medications in older patients due to 
associated medical risks and lack of demonstrated benefit. In other words, routine benzodiazepine 
administration to older surgical patients is likely to represent low-value care that is a suitable target for 
de-adoption. In this study, we will evaluate a United States Anesthesia Partners (USAP, Dallas, TX) 
quality improvement initiative using peer comparison feedback to clinicians and/or mailed informational 
letters to patients as strategies to encourage physician de-adoption of routine preoperative benzodiazepine 
administration to older surgical patients. In partnership with USAP, this study will be conducted using 
randomization to evaluate its effect. 

2. Overall objectives 

The objective of this research study is to evaluate the effect of a corporate quality improvement initiative 
carried out by a private medical group practice aiming to change clinician preoperative benzodiazepine 
administration behaviors for older adults using clinician peer comparison feedback and mailed 
informational letters to patients. 

3. Aims 

3.1 Primary outcome 

The primary outcome measure is the change in the rate of benzodiazepine administration among eligible 
surgical cases.  

3.2 Secondary outcome 

The secondary outcome measure is the change in patient satisfaction with care, as measured by 
Anesthesiologist Patient Satisfaction Questionnaire Composite Satisfaction Score, Version 2 (APSQ2). 

3.3 Exploratory outcomes 

We will explore several other outcomes of interest. These will include changes in dose and type of 
administered benzodiazepines; selected APSQ2 composite domain scores; 30-day delirium and 
pulmonary complications; and hospital length of stay for patients not discharged directly home after 
surgery.    

4. Background 

Benzodiazepines (e.g., midazolam, lorazepam) are sedative-hypnotic medications2 that are frequently 
administered during surgical anesthesia care. Over 21 million major surgeries occur each year among US 
adults aged 65 and older,3,4 and available data5,6 indicate that over half of all older surgical patients now 
receive benzodiazepines during anesthesia care. For example, in a recent study of 24,683 patients aged 65 
and older undergoing a range of non-cardiac surgeries at 4 hospitals in one US academic health system 
from 2014-2018, we found that 64.5% (95% CI: 64.0%, 64.9%) received a benzodiazepine during 
anesthesia; while the rate of benzodiazepine administration decreased with increasing age, 23.8% (95% 
CI: 21.8%, 25.8%) of individuals aged 85 and older still received a benzodiazepine.7 

For patients undergoing general anesthesia (medically induced unconsciousness), benzodiazepines are 
most commonly administered as an adjunctive therapy delivered immediately before the induction of 
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anesthesia with the intent of reducing anxiety and improving patient experience. Nonetheless, a 2015 
multicenter randomized study of 1,062 patients found comparable satisfaction scores after surgery among 
patients assigned to receive a benzodiazepine, placebo, or no premedication, with higher rates of residual 
sedation after surgery in the benzodiazepine group.8 Similar findings were obtained in a subsequent 
observational study of 260 patients who received a benzodiazepine versus no premedication before 
general anesthesia.9 Benzodiazepines carry dose-dependent risks for older surgical patients, including 
delirium10-15 and respiratory depression.16 Taken together, available evidence suggests that much 
benzodiazepine administration to older adults undergoing general anesthesia is unlikely to produce 
benefits and may cause harm; in other words, it represents low-value care17,18 that is suitable for de-
adoption.19,20 Indeed, the American Geriatrics Society21,22 and others23 recommend that benzodiazepines 
be avoided in older surgical patients.  

In this context, persistently high rates of benzodiazepine administration to older surgical patients 
nationally highlight a need for effective, scalable interventions to support de-adoption of this low-value 
practice.  Behavioral economic nudges represent promising but largely unexplored strategies to reduce 
excessive benzodiazepine administration to surgical patients. “Nudges” are subtle changes to the framing 
of information that can influence behavior.24,25 Clinician-facing nudges that incorporate peer comparisons 
can improve medication selection and prescribing26-28 by countering common biases and heuristics29 that 
can contribute to failures to appropriately tailor medication regimens based on individual patient 
characteristics.30 Patient-facing nudges, such as simple informational letters represent an additional 
strategy to motivate practice change. In other contexts, simple informational letters have been shown to 
activating patients to participate in medical decisions.31-33 In the present context, simple informational 
letters from practice leaders may prompt patients to initiate conversations with providers regarding care at 
the time of surgery, potentially influencing provider treatment decisions. 

5. Study design 

 5.1 Design 

This research study will analyze results from a USAP initiative that uses a four-arm factorial stepped-
wedge cluster randomized trial. Both interventions (clinician peer comparisons and informational patient 
letters) will be concurrently rolled out across 24 physician practice divisions within USAP. Timing of 
intervention roll-out within each division will be randomly assigned to permit evaluation of the effect of 
each intervention individually and combined. The total intervention period will be approximately 9 
months (40 weeks) in duration. 

 5.2 Study duration 

The study is expected to take 2 years to conduct including planning (6 mo), the 9-month active phase of 
trial, a 1-month period for final data collection, and 8 months for analysis and dissemination of results.  

 5.3 Target populations 

Anesthesia clinicians employed by USAP administering general anesthesia to patients aged 65 and older. 

 5.4 Accrual 

This is an evaluation of a health system intervention of approximately 4,200 clinicians across 24 USAP 
physician practice divisions.  

 5.5 Key inclusion criteria 
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All anesthesia clinicians employed by USAP will be included in the evaluation.  

In the research study analysis, patients will be included in the primary sample if they are at least aged 65 
and undergo an elective (scheduled) surgical or endoscopic procedure under general anesthesia.  

 5.6 Key exclusion criteria 

In the research study analysis, patients will be excluded if they are unscheduled (urgent/emergent) cases 
due to inability to reliably deliver study interventions to this group; if they did not receive general 
anesthesia; or if they received a nerve block procedure. 

6. Subject recruitment 

Since this is an evaluation of a corporate quality improvement intervention, clinicians and patients will 
not be recruited or enrolled individually but instead an analysis will be conducted based on anesthesia 
cases. We estimate that the sample will include approximately 4,200 clinicians and 225,000 patients. 

7. Subject compensation 

No compensation will be offered in this study. 

8. Study procedures 

 8.1 Consent 

A waiver of informed consent is requested from both clinicians and patients. This is a corporate quality 
improvement initiative that will be implemented with or without the proposed research study. The study 
is an evaluation of that implementation which has support from leadership at USAP. Therefore, clinicians 
and their patients will not be consented as this is the standard of practice within the context of the 
corporate quality improvement initiative. Without a waiver of the consent, the initiative would still be 
implemented by the health system, but the study would be infeasible. There are several additional reasons 
why we feel a waiver of consent should be granted. First, it is not feasible to consent every clinician and 
patient at the 24 practice divisions, which span 8 US states and serve hundreds of procedural care 
locations. Second, if clinicians or patients in the control group were consented, they would know they 
were being monitored and this could influence their behavior. This could potentially disrupt the design of 
the evaluation and make interpretation of the findings challenging. Third, clinicians are not being forced 
to administer or avoid benzodiazepines in a specific manner, and patients are not being forced to request 
or decline benzodiazepines. Instead, they are each being guided t care  practices but 
maintain their ability to act as they feel is appropriate. This is no different than standard of care in which 
clinicians and patients each make decisions based on available information. Since the study will not 
involve collection of information whose provision would directly impacts on the safety or welfare of 
subjects, we do not plan to undertake additional communication with enrolled patients to provide 
additional pertinent information regarding their participation or study findings. 

 8.2 Procedures 

Randomization procedures. The following procedure will be used at USAP to randomize divisions, 
informed by study team input. Each division will be a randomization unit. The divisions that will 
contribute data on complications and length of stay will be in the same block. The remaining divisions 
will be separated into 5 other blocks of 4 divisions each to obtain similar characteristics within each 
block, guided by the k-means clustering algorithm. Within each block, each division will be randomized 
into one of the 4 predefined treatment sequences (Figure) using the fixed block randomization algorithm. 
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In the initial 8-week period of the study, no clusters will receive either intervention. During this baseline 
data collection phase, all USAP clinicians will be receive standard organization educational materials 
regarding preoperative medication use in older surgical patients, incorporating available best evidence on 
potentially avoidable medications in the elderly. Providers will receive communication during this phase 
notifying them of the quality improvement initiative and its components. Subsequently, clusters will be 
randomized at 8 week intervals to receive either peer comparison feedback or the patient informational 
letter, followed by a period were both interventions are simultaneously deployed at all divisions. The 
USAP Chief Quality Officer will receive notification of each site’s randomization status two weeks 
before the beginning of each step in the randomization sequence and oversee implementation of the below 
study procedures according to the randomization assignment. The randomization algorithm, code, and 
original sequence will be maintained on a secure server, accessible by the study data management team, 
and blinded to other study personnel.  

Peer comparison feedback will use data on the number of eligible cases in which a benzodiazepine was 
administered. Providers will receive monthly alerts via USAP’s smartphone-based practice management 
application presenting individual-level data on their benzodiazepine administration patterns versus other 

USAP providers, using data from the USAP clinical and quality data 
warehouse. Comparative data will be delivered using a 3-month 
rolling average as follows: (a) If clinician is above median: informed 
how their data compares to the median; (b) If clinician is below 
median but above 10th percentile: informed how their data compares 
to the 10th percentile; (c) If clinician is 10th percentile or below: 
informed of their data and commended for being a “high performer.”  
Data will be compared to peer clinicians. Alert deployments and 
provider interactions with alert messages and prompts will be tracked 
over time following USAP corporate management and 
communications standards to measure engagement with the 
intervention. Draft peer comparison scripts alerts appear in Appendix 
1; final wording of peer comparison scripts will be determined by 
USAP executive leadership. 

Letters will be distributed to eligible patients within the 2 weeks prior 
to surgery. Letters will be produced on USAP letterhead and signed 
by the USAP Chief Quality Officer (Dutton). Letter text will state 
USAP’s commitment to brain health and avoiding potentially 
unnecessary medications for patients undergoing surgery. It will also 
include a statement encouraging patients to discuss anesthesia plans 
with their clinicians at the time of surgery to aid tailoring of care to 

individual needs. Letters will be distributed directly to patients via text link, email, or hard copy as a 
component of standard pre-operative instructional communications and other educational and patient 
outreach materials related to clinical care. USAP clinicians will be notified via e-mails from national and 
local leadership about the letter intervention, with information provided regarding letter content and 
goals. A draft letter appears in Appendix 2. Final wording of informational letter text will be determined 
by USAP executive leadership. 

All study data will be obtained from the USAP clinical and quality data warehouse. This secure data 
warehouse contains billing, clinical, and survey response data routinely used by USAP for performance 
monitoring and quality improvement projects. Key data elements to be extracted from the USAP data 
warehouse for the present study will include: (1) baseline patient and surgery characteristics, 
benzodiazepine administration, complications, and length of stay, which come from anesthesia record 
data routinely obtained by USAP on all cases for billing purposes and from EMR data used by USAP for 

Figure. 2 x 2 factorial stepped 
wedge design.1 Each cluster will be 
composed of 5-7 USAP divisions. In 
the initial 8-week period of the 
study, no clusters will receive either 
intervention; subsequently, clusters 
will be randomized at 8 week 
intervals to receive either 
intervention 1 (clinician peer 
comparisons, blue cells) or 
intervention 2 (patient letter, 
stippled cells), followed by a period 
were both interventions are 
simultaneously deployed at all 
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quality monitoring in selected practices; and (2) patient demographics (race, ethnicity) and  APSQ2 
responses, which are collected from all USAP patients routinely after surgery via a secure web-based data 
collection platform (SurveyVitals, Inc., Springtown, TX). Finally, we will measure engagement of 
clinicians and patients with the study interventions via tracking of app and patient messaging 
engagements. We will query patients at the time of APSQ2 data collection to confirm discussions of letter 
content with the anesthesia team on the day of surgery. Study data will be sent securely to the University 
of Pennsylvania for analysis on secure, encrypted server under USAP’s standard data sharing policy.  
 
9. Analysis plan 

Initial analyses will use descriptive statistics to examine the distribution of study variables overall and to 
compare baseline patient and clinician data across the control versus intervention units. All analyses will 
be via intention-to-treat, such that observations within randomization units will be analyzed according to 
the treatment assigned via randomization. We will use a mixed effects logistic regression to estimate the 
treatment effect of peer comparisons, informational letters for patients, or both versus control on the odds 
of receiving a benzodiazepine during anesthesia care. This model will contain binary indicator variables 
for the treatment status of each unit within a given period for each of the 2 main study interventions and 
an interaction term capturing the joint effect of the interventions. As care patterns may be similar across 
USAP divisions, we will include a random effect for the division. Time (study month) will be included as 
a fixed effect;34 interactions to capture time-cluster and time-treatment effect heterogeneity will be 
considered in supplemental analyses.35 Standard errors will be adjusted for heteroscedasticity36 and 
clustering using standard methods.37 The magnitude and significance of the coefficients on the main 
effects terms for each treatment and their interaction in the model will be interpreted as the independent 
and joint association of the study interventions on the primary outcome.  

We will use a linear mixed effects model to estimate the independent and joint effects of the study 
interventions on the continuous APSQ2 patient satisfaction score, using the same modeling approach as 
described above.  Similar mixed effects logistic or linear models will be used as appropriate based on 
outcome variable distributions to predict (1) delirium; (2) postoperative pulmonary complications; and (3) 
length of stay.38  We will assess for heterogeneity of treatment effects across subgroups as defined above 
by adding interaction terms to main study models as appropriate.39 Missing data rates across divisions and 
arms will be compared for all endpoints and patterns of missingness evaluated. Where missing outcome 
data rates are substantial (>10%), sensitivity analysis will be conducted using inverse probability 
weighting40 to model the potential impact of missing data on study findings.  

Analyses will assess heterogeneity of treatment effects across defined patient and provider subgroups in 
which we hypothesize that the interventions may have differing impacts; these will include: (1) patients 
aged 85 years and older versus others; (2) sex as recorded in the medical record; (3) race and ethnicity as 
obtained by patient report and from the EMR (where available), to be categorized based on initial data 
analyses; (3) insurance status; (4) procedure type; (5) patients treated by providers with higher vs lower 
historical rates of benzodiazepine administration. 

Assuming a baseline benzodiazepine use rate of 45%, a total sample size of 225,000 at 24 divisions over 5 
periods will provide over 90% power to detect a 2 percentage point change in the primary outcome for 
each intervention alone, and a 4 percentage point change for the combined intervention, at a Bonferroni-
adjusted significance level of 0.017 and a conservative intra-center correlation coefficient of 0.3.41 
Comparable power is anticipated for satisfaction analyses, even after allowing for non-response rates of 
15-20%. We anticipate that data on in-hospital medical outcomes will be available for approximately 
11,250 patients treated at 4 USAP divisions. Assuming postoperative delirium and postoperative 
pulmonary complications each individually occur in 5% of control patients,42-44 we will have 80% power 
to detect a 2.5 percentage point risk reduction for each outcome; assuming a more conservative 2% 
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control outcome rate,38,42,45 we will have 80% power to detect a 1.5 percentage point risk reduction for 
each outcome, at a significance level of 0.017 and an intra-center correlation coefficient of 0.1.  

Human research protection 

 10.1 Data confidentiality 

Data on clinicians, patients, surgical procedures, and outcomes (benzodiazepine administration, patient 
satisfaction, complications, length of stay) will come from the USAP clinical and quality data warehouse. 
All data are proprietary to USAP and will be obtained for analysis by Penn investigators under USAP’s 
standard data sharing agreement. Preparation of data files will be carried out by staff within the USAP 
Quality Division under the oversight of the USAP Chief Quality Officer. Data will be transferred and then 
stored, managed, and analyzed on a secure, encrypted server behind the University of Pennsylvania 
Health System (UPHS) firewall. All study personnel that will use this data are listed on the IRB 
application and have completed training in HIPAA standards and the CITI human subjects research. Data 
access will be password protected. Whenever possible, data will be de-identified for analysis. 

Computer-based files will only be made available to personnel involved in the study through the use of 
access privileges and passwords. Wherever feasible, identifiers will be removed from study-related 
information. Precautions are already in place to ensure the data are secure by using passwords and 
HIPAA-compliant encryption. 

 10.2 Subject confidentiality 

Data on clinicians and patients will be obtained from USAP staff files and the USAP clinical and quality 
data warehouse. Any information that is obtained will be used for research purposes only.  Information on 
patients will only be disclosed within the study team. The clinician feedback messages will only provide 
aggregate numbers of cases with benzodiazepine administration and no individual patient information. All 
study staff will be reminded of the confidential nature of the data collected and contained in these 
databases. All study personnel that will use this data are listed on the IRB application and have completed 
training in HIPAA standards and the CITI human subjects research. Data access will be password 
protected. Whenever possible, data will be de-identified for analysis. 

 10.3 Subject privacy 

All efforts will be made by study staff to ensure subject privacy.  Data will be evaluated in a de-
identified manner whenever possible. 

 10.4 Data disclosure 

Information on clinicians and patients will not be disclosed to anyone outside of the study team.   

 10.5 Data safety and monitoring 

The investigators from both USAP and University of Pennsylvania will provide oversight for the study 
evaluation of this corporate quality improvement initiative.  Clinician practices will follow their standards 
of care to manage patients before, during, and after surgery.  

10.6 Risk/benefit  

  10.6.1 Potential study risks 
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The potential risks associated with this study are minimal given the research is focused on an evaluation 
of a corporate quality improvement initiative. Breach of data is a potential risk that will be mitigated by 
using HIPAA compliant and secure data platforms for analysis a previously described.  

  10.6.2 Potential study benefits 

The main potential benefit is knowledge gained on approaches that could reduce unnecessary 
benzodiazepine administration. Patients may benefit from less exposure to unnecessary benzodiazepines 
as a result. However, it is possible that patients will receive no benefit from this study. 

  10.6.3 Risk/benefit assessment 

The risk/benefit ratio is favorable given the potential benefit of scientific knowledge that could be gained 
on how to change clinician and patient behavior to reduce unnecessary benzodiazepine administration. 
Efforts have been put into place to minimize the risk of breach of data. If favorable outcomes are found, 
then there is a potential to broadly disseminate findings to other physician practice groups. 
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Appendix 1: Draft Peer Comparison Scripts 

Top Performer Alert (top 10%) 

You are a top performer. You have a low rate of benzodiazepine administration for older surgical patients 
undergoing general anesthesia. 

You are a top performer this month. 

 You are in the top 10% of providers. 
 Based on your recent activity, you administered Midazolam to XX out of YY adults aged 65 or 

older who had general anesthesia. 
 Please continue to work to limit potentially avoidable medications to older surgical patients. 

 

Moderate Performer Alert (51%-11%) 

Your benzodiazepine administration rate for older surgical patients undergoing general anesthesia is 
XX%. The top performer rate is YY%. 

 Based on your recent activity, you administered Midazolam to XX out of YY adults aged 65 or 
older who had general anesthesia. 

 You may be administering midazolam to too many older adults; this may contribute to 
postoperative cognitive dysfunction.  

 Here is an evidence-based guideline on potentially avoidable medications in older adults [link to 
USAP educational materials] 
 

Low Performer Alert (99%-50%) 

Your benzodiazepine administration rate for older surgical patients undergoing general anesthesia is 
XX%. The median rate is YY%. 

 Based on your recent activity, you administered Midazolam to XX out of YY adults aged 65 or 
older who had general anesthesia. 

 Your performance falls below the median USAP performance. 
 You may be administering midazolam to too many older adults; this may contribute to 

postoperative cognitive dysfunction. 
 Here is an evidence-based guideline on potentially avoidable medications in older adults [link to 

USAP educational materials] 
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1. Abstract 

Over 21 million surgical procedures take place among adults aged 65 and older in the US each year, and 
most older surgical patients in the US now receive benzodiazepines (e.g., midazolam, lorazepam) during 
anesthesia care. This occurs despite recommendations to avoid these medications in older patients due to 
associated medical risks and lack of demonstrated benefit. In other words, routine benzodiazepine 
administration to older surgical patients is likely to represent low-value care that is a suitable target for 
de-adoption. In this study, we will evaluate a United States Anesthesia Partners (USAP, Dallas, TX) 
quality improvement initiative using peer comparison feedback to clinicians and/or mailed informational 
letters to patients as strategies to encourage physician de-adoption of routine preoperative benzodiazepine 
administration to older surgical patients. In partnership with USAP, this study will be conducted using 
randomization to evaluate its effect. 

2. Overall objectives 

The objective of this research study is to evaluate the effect of a corporate quality improvement initiative 
carried out by a private medical group practice aiming to change clinician preoperative benzodiazepine 
administration behaviors for older adults using clinician peer comparison feedback and mailed 
informational letters to patients. 

3. Aims 

3.1 Primary outcome 

The primary outcome measure is the change in the rate of benzodiazepine administration among eligible 
surgical cases.  

3.2 Secondary outcome 

The secondary outcome measure is the change in patient satisfaction with care, as measured by 
Anesthesiologist Patient Satisfaction Questionnaire Composite Satisfaction Score, Version 2 (APSQ2). 

3.3 Exploratory outcomes 

We will explore several other outcomes of interest. These will include changes in dose and type of 
administered benzodiazepines; selected APSQ2 composite domain scores; 30-day delirium and 
pulmonary complications; and hospital length of stay for patients not discharged directly home after 
surgery.    

4. Background 

Benzodiazepines (e.g., midazolam, lorazepam) are sedative-hypnotic medications2 that are frequently 
administered during surgical anesthesia care. Over 21 million major surgeries occur each year among US 
adults aged 65 and older,3,4 and available data5,6 indicate that over half of all older surgical patients now 
receive benzodiazepines during anesthesia care. For example, in a recent study of 24,683 patients aged 65 
and older undergoing a range of non-cardiac surgeries at 4 hospitals in one US academic health system 
from 2014-2018, we found that 64.5% (95% CI: 64.0%, 64.9%) received a benzodiazepine during 
anesthesia; while the rate of benzodiazepine administration decreased with increasing age, 23.8% (95% 
CI: 21.8%, 25.8%) of individuals aged 85 and older still received a benzodiazepine.7 

For patients undergoing general anesthesia (medically induced unconsciousness), benzodiazepines are 
most commonly administered as an adjunctive therapy delivered immediately before the induction of 
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anesthesia with the intent of reducing anxiety and improving patient experience. Nonetheless, a 2015 
multicenter randomized study of 1,062 patients found comparable satisfaction scores after surgery among 
patients assigned to receive a benzodiazepine, placebo, or no premedication, with higher rates of residual 
sedation after surgery in the benzodiazepine group.8 Similar findings were obtained in a subsequent 
observational study of 260 patients who received a benzodiazepine versus no premedication before 
general anesthesia.9 Benzodiazepines carry dose-dependent risks for older surgical patients, including 
delirium10-15 and respiratory depression.16 Taken together, available evidence suggests that much 
benzodiazepine administration to older adults undergoing general anesthesia is unlikely to produce 
benefits and may cause harm; in other words, it represents low-value care17,18 that is suitable for de-
adoption.19,20 Indeed, the American Geriatrics Society21,22 and others23 recommend that benzodiazepines 
be avoided in older surgical patients.  

In this context, persistently high rates of benzodiazepine administration to older surgical patients 
nationally highlight a need for effective, scalable interventions to support de-adoption of this low-value 
practice.  Behavioral economic nudges represent promising but largely unexplored strategies to reduce 
excessive benzodiazepine administration to surgical patients. “Nudges” are subtle changes to the framing 
of information that can influence behavior.24,25 Clinician-facing nudges that incorporate peer comparisons 
can improve medication selection and prescribing26-28 by countering common biases and heuristics29 that 
can contribute to failures to appropriately tailor medication regimens based on individual patient 
characteristics.30 Patient-facing nudges, such as simple informational letters represent an additional 
strategy to motivate practice change. In other contexts, simple informational letters have been shown to 
activating patients to participate in medical decisions.31-33 In the present context, simple informational 
letters from practice leaders may prompt patients to initiate conversations with providers regarding care at 
the time of surgery, potentially influencing provider treatment decisions. 

5. Study design 

 5.1 Design 

This research study will analyze results from a USAP initiative that uses a four-arm factorial stepped-
wedge cluster randomized trial. Both interventions (clinician peer comparisons and informational patient 
letters) will be concurrently rolled out across 24 physician practice divisions within USAP. Timing of 
intervention roll-out within each division will be randomly assigned to permit evaluation of the effect of 
each intervention individually and combined. The total intervention period will be approximately 9 
months (40 weeks) in duration. 

 5.2 Study duration 

The study is expected to take 2 years to conduct including planning (6 mo), the 9-month active phase of 
trial, a 1-month period for final data collection, and 8 months for analysis and dissemination of results.  

 5.3 Target populations 

Anesthesia clinicians employed by USAP administering general anesthesia to patients aged 65 and older. 

 5.4 Accrual 

This is an evaluation of a health system intervention of approximately 4,200 clinicians across 24 USAP 
physician practice divisions.  

 5.5 Key inclusion criteria 
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All anesthesia clinicians employed by USAP will be included in the evaluation.  

In the research study analysis, patients will be included in the primary sample if they are at least aged 65 
and undergo an elective (scheduled) surgical or endoscopic procedure under general anesthesia.  

 5.6 Key exclusion criteria 

In the research study analysis, patients will be excluded if they are unscheduled (urgent/emergent) cases 
due to inability to reliably deliver study interventions to this group; if they did not receive general 
anesthesia; or if they received a nerve block procedure. 

6. Subject recruitment 

Since this is an evaluation of a corporate quality improvement intervention, clinicians and patients will 
not be recruited or enrolled individually but instead an analysis will be conducted based on anesthesia 
cases. We estimate that the sample will include approximately 4,200 clinicians and 225,000 patients. 

7. Subject compensation 

No compensation will be offered in this study. 

8. Study procedures 

 8.1 Consent 

A waiver of informed consent is requested from both clinicians and patients. This is a corporate quality 
improvement initiative that will be implemented with or without the proposed research study. The study 
is an evaluation of that implementation which has support from leadership at USAP. Therefore, clinicians 
and their patients will not be consented as this is the standard of practice within the context of the 
corporate quality improvement initiative. Without a waiver of the consent, the initiative would still be 
implemented by the health system, but the study would be infeasible. There are several additional reasons 
why we feel a waiver of consent should be granted. First, it is not feasible to consent every clinician and 
patient at the 24 practice divisions, which span 8 US states and serve hundreds of procedural care 
locations. Second, if clinicians or patients in the control group were consented, they would know they 
were being monitored and this could influence their behavior. This could potentially disrupt the design of 
the evaluation and make interpretation of the findings challenging. Third, clinicians are not being forced 
to administer or avoid benzodiazepines in a specific manner, and patients are not being forced to request 
or decline benzodiazepines. Instead, they are each being guided t care practices but 
maintain their ability to act as they feel is appropriate. This is no different than standard of care in which 
clinicians and patients each make decisions based on available information. Since the study will not 
involve collection of information whose provision would directly impacts on the safety or welfare of 
subjects, we do not plan to undertake additional communication with enrolled patients to provide 
additional pertinent information regarding their participation or study findings. 

 8.2 Procedures 

Randomization procedures. The following procedure will be used at USAP to randomize divisions, 
informed by study team input. Each division will be a randomization unit. Each division will be a 
randomization unit. Divisions will be assigned to blocks of 4 divisions each. Division assignment into 
blocks will be guided by the probability of obtaining ICD 10 data for that division, anticipated case 
volume, and geographic locations. Within each block, each division will be randomized into one of the 4 
predefined treatment sequences (Figure) using the fixed block randomization algorithm. 
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In the initial 8-week period of the study, no clusters will receive either intervention. During this baseline 
data collection phase, all USAP clinicians will be receive standard organization educational materials 
regarding preoperative medication use in older surgical patients, incorporating available best evidence on 
potentially avoidable medications in the elderly. Providers will receive communication during this phase 
notifying them of the quality improvement initiative and its components. Subsequently, clusters will be 
randomized at 8 week intervals to receive either peer comparison feedback or the patient informational 
letter, followed by a period were both interventions are simultaneously deployed at all divisions. The 
USAP Chief Quality Officer will be notified at the start of the study of each division’s assigned treatment 
sequence and oversee implementation of the below study procedures according to this assignment. The 
randomization algorithm, code, and original sequence will be maintained on a secure server, accessible by 
the study data management team, and blinded to other study personnel.  

Peer comparison feedback will use data on the number of eligible cases in which a benzodiazepine was 
administered. Providers will receive monthly alerts via USAP’s smartphone-based practice management 
application or via USAP corporate e-mail or corporate text message presenting individual-level data on 

their benzodiazepine administration patterns versus other USAP 
providers, using data from the USAP clinical and quality data 
warehouse. Comparative data will be delivered using a 3-month 
rolling average as follows: (a) If clinician is above median: informed 
how their data compares to the median; (b) If clinician is below 
median but above 10th percentile: informed how their data compares 
to the 10th percentile; (c) If clinician is 10th percentile or below: 
informed of their data and commended for being a “high performer.”  
Data will be compared to peer clinicians. Alert deployments and 
provider interactions with alert messages and prompts will be tracked 
over time following USAP corporate management and 
communications standards to measure engagement with the 
intervention. Draft peer comparison scripts alerts appear in Appendix 
1; final wording of peer comparison scripts will be determined by 
USAP executive leadership. 

Letters will be distributed to eligible patients within the 2 weeks prior 
to surgery. Letters will be produced on USAP letterhead and signed 
by the USAP Chief Quality Officer (Dutton). Letter text will state 
USAP’s commitment to brain health and avoiding potentially 
unnecessary medications for patients undergoing surgery. It will also 
include a statement encouraging patients to discuss anesthesia plans 

with their clinicians at the time of surgery to aid tailoring of care to individual needs. Letters will be 
distributed directly to patients via text link, email, or hard copy as a component of standard pre-operative 
instructional communications and other educational and patient outreach materials related to clinical care. 
USAP clinicians will be notified via e-mails from national and local leadership about the letter 
intervention, with information provided regarding letter content and goals. A draft letter appears in 
Appendix 2. Final wording of informational letter text will be determined by USAP executive leadership. 

All study data will be obtained from the USAP clinical and quality data warehouse. This secure data 
warehouse contains billing, clinical, and survey response data routinely used by USAP for performance 
monitoring and quality improvement projects. Key data elements to be extracted from the USAP data 
warehouse for the present study will include: (1) baseline patient and surgery characteristics, 
benzodiazepine administration, complications, and length of stay, which come from anesthesia record 
data routinely obtained by USAP on all cases for billing purposes and from EMR data used by USAP for 
quality monitoring in selected practices; and (2) patient demographics (race, ethnicity) and  APSQ2 

Figure. 2 x 2 factorial stepped 
wedge design.1 Each cluster will be 
composed of 5-7 USAP divisions. In 
the initial 8-week period of the 
study, no clusters will receive either 
intervention; subsequently, clusters 
will be randomized at 8 week 
intervals to receive either 
intervention 1 (clinician peer 
comparisons, blue cells) or 
intervention 2 (patient letter, 
stippled cells), followed by a period 
were both interventions are 
simultaneously deployed at all 
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responses, which are collected from all USAP patients routinely after surgery via a secure web-based data 
collection platform. Finally, we will measure engagement of clinicians and patients with the study 
interventions via tracking of app and patient messaging engagements. We will query patients at the time 
of APSQ2 data collection to confirm discussions of letter content with the anesthesia team on the day of 
surgery. Study data will be sent securely to the University of Pennsylvania for analysis on secure, 
encrypted server under USAP’s standard data sharing policy.  
 
9. Analysis plan 

Initial analyses will use descriptive statistics to examine the distribution of study variables overall and to 
compare baseline patient and clinician data across the control versus intervention units. All analyses will 
be via intention-to-treat, such that observations within randomization units will be analyzed according to 
the treatment assigned via randomization. We will use a mixed effects logistic regression to estimate the 
treatment effect of peer comparisons, informational letters for patients, or both versus control on the odds 
of receiving a benzodiazepine during anesthesia care. This model will contain binary indicator variables 
for the treatment status of each unit within a given period for each of the 2 main study interventions and 
an interaction term capturing the joint effect of the interventions. As care patterns may be similar across 
USAP divisions, we will include a random effect for the division. Time (study month) will be included as 
a fixed effect;34 interactions to capture time-cluster and time-treatment effect heterogeneity will be 
considered in supplemental analyses.35 Standard errors will be adjusted for heteroscedasticity36 and 
clustering using standard methods.37 The magnitude and significance of the coefficients on the main 
effects terms for each treatment and their interaction in the model will be interpreted as the independent 
and joint association of the study interventions on the primary outcome.  

We will use a linear mixed effects model to estimate the independent and joint effects of the study 
interventions on the continuous APSQ2 patient satisfaction score, using the same modeling approach as 
described above.  Similar mixed effects logistic or linear models will be used as appropriate based on 
outcome variable distributions to predict (1) delirium; (2) postoperative pulmonary complications; and (3) 
length of stay.38  We will assess for heterogeneity of treatment effects across subgroups as defined above 
by adding interaction terms to main study models as appropriate.39 Missing data rates across divisions and 
arms will be compared for all endpoints and patterns of missingness evaluated. Where missing outcome 
data rates are substantial (>10%), sensitivity analysis will be conducted using inverse probability 
weighting40 to model the potential impact of missing data on study findings.  

Analyses will assess heterogeneity of treatment effects across defined patient and provider subgroups in 
which we hypothesize that the interventions may have differing impacts; these will include: (1) patients 
aged 85 years and older versus others; (2) sex as recorded in the medical record; (3) race and ethnicity as 
obtained by patient report and from the EMR (where available), to be categorized based on initial data 
analyses; (3) insurance status; (4) procedure type; (5) patients treated by providers with higher vs lower 
historical rates of benzodiazepine administration. 

Assuming a baseline benzodiazepine use rate of 45%, a total sample size of 225,000 at 24 divisions over 5 
periods will provide over 90% power to detect a 2 percentage point change in the primary outcome for 
each intervention alone, and a 4 percentage point change for the combined intervention, at a Bonferroni-
adjusted significance level of 0.017 and a conservative intra-center correlation coefficient of 0.3.41 
Comparable power is anticipated for satisfaction analyses, even after allowing for non-response rates of 
15-20%. We anticipate that data on in-hospital medical outcomes will be available for approximately 
11,250 patients treated at 4 USAP divisions. Assuming postoperative delirium and postoperative 
pulmonary complications each individually occur in 5% of control patients,42-44 we will have 80% power 
to detect a 2.5 percentage point risk reduction for each outcome; assuming a more conservative 2% 
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control outcome rate,38,42,45 we will have 80% power to detect a 1.5 percentage point risk reduction for 
each outcome, at a significance level of 0.017 and an intra-center correlation coefficient of 0.1.  

Human research protection 

 10.1 Data confidentiality 

Data on clinicians, patients, surgical procedures, and outcomes (benzodiazepine administration, patient 
satisfaction, complications, length of stay) will come from the USAP clinical and quality data warehouse. 
All data are proprietary to USAP and will be obtained for analysis by Penn investigators under USAP’s 
standard data sharing agreement. Preparation of data files will be carried out by staff within the USAP 
Quality Division under the oversight of the USAP Chief Quality Officer. Data will be transferred and then 
stored, managed, and analyzed on a secure, encrypted server behind the University of Pennsylvania 
Health System (UPHS) firewall. All study personnel that will use this data are listed on the IRB 
application and have completed training in HIPAA standards and the CITI human subjects research. Data 
access will be password protected. Whenever possible, data will be de-identified for analysis. 

Computer-based files will only be made available to personnel involved in the study through the use of 
access privileges and passwords. Wherever feasible, identifiers will be removed from study-related 
information. Precautions are already in place to ensure the data are secure by using passwords and 
HIPAA-compliant encryption. 

 10.2 Subject confidentiality 

Data on clinicians and patients will be obtained from USAP staff files and the USAP clinical and quality 
data warehouse. Any information that is obtained will be used for research purposes only.  Information on 
patients will only be disclosed within the study team. The clinician feedback messages will only provide 
aggregate numbers of cases with benzodiazepine administration and no individual patient information. All 
study staff will be reminded of the confidential nature of the data collected and contained in these 
databases. All study personnel that will use this data are listed on the IRB application and have completed 
training in HIPAA standards and the CITI human subjects research. Data access will be password 
protected. Whenever possible, data will be de-identified for analysis. 

 10.3 Subject privacy 

All efforts will be made by study staff to ensure subject privacy.  Data will be evaluated in a de-
identified manner whenever possible. 

 10.4 Data disclosure 

Information on clinicians and patients will not be disclosed to anyone outside of the study team.   

 10.5 Data safety and monitoring 

The investigators from both USAP and University of Pennsylvania will provide oversight for the study 
evaluation of this corporate quality improvement initiative.  Clinician practices will follow their standards 
of care to manage patients before, during, and after surgery.  

10.6 Risk/benefit  

  10.6.1 Potential study risks 
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The potential risks associated with this study are minimal given the research is focused on an evaluation 
of a corporate quality improvement initiative. Breach of data is a potential risk that will be mitigated by 
using HIPAA compliant and secure data platforms for analysis a previously described.  

  10.6.2 Potential study benefits 

The main potential benefit is knowledge gained on approaches that could reduce unnecessary 
benzodiazepine administration. Patients may benefit from less exposure to unnecessary benzodiazepines 
as a result. However, it is possible that patients will receive no benefit from this study. 

  10.6.3 Risk/benefit assessment 

The risk/benefit ratio is favorable given the potential benefit of scientific knowledge that could be gained 
on how to change clinician and patient behavior to reduce unnecessary benzodiazepine administration. 
Efforts have been put into place to minimize the risk of breach of data. If favorable outcomes are found, 
then there is a potential to broadly disseminate findings to other physician practice groups. 
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Appendix 1: Draft Peer Comparison Scripts 

Top Performer Alert (top 10%) 

You are a top performer. You have a low rate of benzodiazepine administration for older surgical patients 
undergoing general anesthesia. 

You are a top performer this month. 

 You are in the top 10% of providers. 
 Based on your recent activity, you administered Midazolam to XX out of YY adults aged 65 or 

older who had general anesthesia. 
 Please continue to work to limit potentially avoidable medications to older surgical patients. 

 

Moderate Performer Alert (50%-11%) 

Your benzodiazepine administration rate for older surgical patients undergoing general anesthesia is 
XX%. The top performer rate is YY%. 

 Based on your recent activity, you administered Midazolam to XX out of YY adults aged 65 or 
older who had general anesthesia. 

 You may be administering midazolam to too many older adults; this may contribute to 
postoperative cognitive dysfunction.  

 Here is an evidence-based guideline on potentially avoidable medications in older adults [link to 
USAP educational materials] 
 

Low Performer Alert (99%-51%) 

Your benzodiazepine administration rate for older surgical patients undergoing general anesthesia is 
XX%. The median rate is YY%. 

 Based on your recent activity, you administered Midazolam to XX out of YY adults aged 65 or 
older who had general anesthesia. 

 Your performance falls below the median USAP performance. 
 You may be administering midazolam to too many older adults; this may contribute to 

postoperative cognitive dysfunction. 
 Here is an evidence-based guideline on potentially avoidable medications in older adults [link to 

USAP educational materials] 
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Appendix 2: Draft Informational Letter for Patients 

 



 
 

Version 2020.09 

Protocol Title: DROP-Benzo (De-adopting Routine Preoperative Benzodiazepines for Older Surgical 
Patients): a randomized trial of behavioral strategies to reduce unnecessary midazolam administration to 
older surgical patients 
 
Protocol Number: 850809 
Principal Investigator: Mark D. Neuman 
 
Modification Summary of Changes  
 
Substantive (non-editorial) Protocol Changes 

Revision 
Date 

Protocol 
Version 

Applicable 
Section(s) 

Page 
No. 

Summary of Changes Rationale for 
Changes 

May 23, 
2022 

1.1 Section 8 5 Revised language in 
Section 8 (“Procedures”) 
regarding block 
randomization procedure. 

Original text: “The 
divisions that will 
contribute data on 
complications and length 
of stay will be in the same 
block. The remaining 
divisions will be 
separated into 5 other 
blocks of 4 divisions each 
to obtain similar 
characteristics within 
each block, guided by the 
k-means clustering 
algorithm. Within each 
block, each division will 
be randomized into one of 
the 4 predefined 
treatment sequences 
(Figure) using the fixed 
block randomization 
algorithm.” 

Revised text: “Each 
division will be a 
randomization unit. 
Divisions will be assigned 
to blocks of 4 divisions 
each. Division assignment 
into blocks will be guided 

Language revised for 
clarity and accuracy. 



Version 2020.09 

Revision 
Date 

Protocol 
Version 

Applicable 
Section(s) 

Page 
No. 

Summary of Changes Rationale for 
Changes 

by the probability of 
obtaining ICD 10 data for 
that division, anticipated 
case volume, and 
geographic locations. 
Within each block, each 
division will be 
randomized into one of 
the 4 predefined 
treatment sequences 
(Figure) using the fixed 
block randomization 
algorithm.” 

May 23, 
2022 

1.1 Section 8 6 Revised language in 
Section 8 (“Procedures”) 
regarding communication 
approach with USAP 
employed clinicians: 

Original text: “Providers 
will receive monthly 
alerts via USAP’s 
smartphone-based 
practice management 
application presenting 
individual-level data on 
their benzodiazepine 
administration patterns 
versus other USAP 
providers.” 

Revised text: “Providers 
will receive monthly 
alerts via USAP’s 
smartphone-based 
practice management 
application or via 
corporate e-mail or 
corporate text message 
presenting individual-
level data on their 
benzodiazepine 
administration patterns 

Modified to align 
with USAP's 
standard 
organizational 
approaches to 
communication with 
employed clinicians. 



 
 

Version 2020.09 

Revision 
Date 

Protocol 
Version 

Applicable 
Section(s) 

Page 
No. 

Summary of Changes Rationale for 
Changes 

versus other USAP 
providers.” 

June 26, 
2022 

1.2 Section 8 5 Updated language 
describing the timing of 
randomization assignment 
notifications. 

Original text: The USAP 
Chief Quality Officer will 
receive notification of 
each site’s randomization 
status two weeks before 
the beginning of each step 
in the randomization 
sequence and oversee 
implementation of the 
below study procedures 
according to the 
randomization 
assignment. 

Revised text: The USAP 
Chief Quality Officer will 
be notified at the start of 
the study of each 
division’s assigned 
treatment sequence and 
oversee implementation 
of the below study 
procedures according to 
this assignment. 

Updated to 
accommodate 
logistical 
considerations 
involved in 
deployment of study 
interventions by 
USAP team 
members. 

June 26, 
2022 

1.2 Section 8 6-7 Vendor name removed. 

Original text: Key data 
elements to be extracted 
from the USAP data 
warehouse for the present 
study will 
include…APSQ2 
responses, which are 
collected from all USAP 
patients routinely after 
surgery via a secure web-

Updated to 
accommodate 
potential changes 
over time in USAP 
vendor relationships. 



 
 

Version 2020.09 

Revision 
Date 

Protocol 
Version 

Applicable 
Section(s) 

Page 
No. 

Summary of Changes Rationale for 
Changes 

based data collection 
platform (SurveyVitals, 
Inc., Springtown, TX). 

Revised text: Key data 
elements to be extracted 
from the USAP data 
warehouse for the present 
study will 
include…APSQ2 
responses, which are 
collected from all USAP 
patients routinely after 
surgery via a secure web-
based data collection 
platform. 

  

 



 

DROP-Benzo (De-adopting Routine Preoperative Benzodiazepines for 

Older Surgical Patients): a randomized trial of behavioral strategies to 

reduce unnecessary midazolam administration to older surgical patients  

 

 

Statistical Analysis Plan 

Date 08/01/2023 

  



1. Introduction 

DROP-Benzo is a stepped-wedge cluster randomized clinical trial conducted across 24 divisions 
of United States Anesthesia Partners (USAP, Dallas, TX). The primary objective of this trial is to 
assess the effectiveness of two different interventions — peer comparison feedback for clinicians 
and mailing informational letters — and their combined impact on routine preoperative 
benzodiazepine administration in elderly surgical patients. 

This study employed a 2 x 2 factorial stepped wedge design, divided into 4 clusters, each 
following a unique, predetermined intervention sequence. During the initial 8 weeks, no clusters 
received any interventions. At weeks 8 and 16, two more clusters were randomly assigned to 
receive either intervention 1 (clinician peer comparisons, marked with blue cells) or intervention 
2 (patient letters, designated by stippled cells). At weeks 24 and 32, the remaining two clusters 
— those that initiated intervention at a later or earlier stage — began implementing both 
interventions simultaneously. 

Each USAP division served as a randomization unit and was allocated to one of the 4 clusters. 
To ensure balanced divisional characteristics across clusters, these divisions were stratified into 
six blocks. Factors to determine the stratification included the likelihood of obtaining ICD 10 
data, projected case volume, and geographical locations. Within each block, divisions were 
randomly assigned to one of the four predetermined sequences.  

2. Quality control 

Prior to the analysis, we will review the distributions of each variable to be included in the 
analysis, aggregated across USAP divisions, to identify any outlying values that may be 
inaccurate and should be checked.  To the extent possible, inaccuracies will be resolved and the 
data updated with the correct values. Data that are clearly incorrect but cannot be corrected will 
be excluded from the analyses.  Data that are unusual but not impossible, and cannot either be 
verified or corrected, will remain in the analysis.  

Quantifiable inclusion and exclusion criteria will be validated. Enrolled patients are required to 
be at least aged 65 and undergo an elective surgical or endoscopic procedure under general 
anesthesia. Patients undergoing primary regional anesthesia will be excluded from the study. 

3. Baseline data 

Baseline demographic and clinical variables will be examined to evaluate general trends and 
determine whether there are any notable imbalances that may lead to further adjustments.  
Continuous variables will be summarized through standard measures of central tendency and 
spread including means, medians, standard deviations and interquartile ranges (IQRs).  
Frequency distributions will be calculated for categorical variables. The summary statistics will 
be presented among control groups, intervention 1 group, intervention 2 group, and the combined 
intervention group. 

 

 



4. Analysis of the primary outcome 

The primary analysis will be intention-to-treat (ITT) analysis, i.e., patients within randomization 
units will be analyzed according to the intervention assigned via randomization.  The primary 
analysis will use complete data, i.e., all subjects with valid outcomes, and additional sensitivity 
analysis will be conducted to include subjects with missing outcomes. All tests will be performed 
at a conservative significance level of 0.017, adjusted for the multiplicity of 3 comparisons 
within each model by the Bonferroni method. 

The primary outcome is the use of benzodiazepine administration during the eligible surgery. We 
will use a mixed effects logistic regression model to estimate the treatment effect of peer 
comparisons, informational letters for patients, or both versus control on the odds of receiving a 
benzodiazepine during anesthesia care, accounting for within-division correlation and 
stratification, and adjusted for time (study month), age, gender, American Society of 
Anesthesiologists Physical Status Classification, and type of surgery. This model will contain 
binary indicator variables for each patient, determined by the intervention status assigned to their 
corresponding division during the corresponding time window, and an interaction term capturing 
the joint effect of the two interventions. As patients within the same division are likely to share 
similar care teams and protocols, a random effect across divisions will be included. An additional 
random effect representing the shared factors across divisions within the same block strata will 
also be included. Interaction terms that capture time-division and time-intervention effect 
heterogeneity will be considered in supplementary analyses. The Robust Variance Estimator 
(RVE) will be used to control for heteroscedasticity (Huber, 1967; White, 1980) or clustering 
(Liang and Zeger, 1986), which may occur due to various social networks, information sharing, 
or other potential confounders. 

5. Analysis of secondary outcome  

The secondary outcome is patient satisfaction with care, as measured by Anesthesiologist Patient 
Satisfaction Questionnaire Composite Satisfaction Score, Version 2 (APSQ2). We will use a 
linear mixed effects model to estimate the independent and joint effects of the study 
interventions on the continuous APSQ2 patient satisfaction score, using the same fixed and 
random effects as for the primary outcome. Normalization transformation will be applied if 
necessary. We will assess for heterogeneity of treatment effects across subgroups as defined 
above by adding interaction terms to main study models as appropriate.  

6. Analysis of exploratory outcomes 

Where data are available, we will assess the independent and joint effects of two interventions on 
several exploratory outcomes, including changes in dose and type of administered 
benzodiazepines, selected APSQ2 composite domain scores, 30-day delirium and pulmonary 
complications, and hospital length of stay for patients not discharged directly home after surgery. 
Linear or logistic mixed effects model, with similar fixed and random effects as specified in 
Section 4, will be used. 

7. Sensitivity analysis for missing data 



Baseline characteristics of patients with missing primary outcome will be compared with the 
baseline characteristics of those included in the analysis to assess potential for bias based on 
these missing values.   

The primary analysis will use complete data, excluding individuals without outcome data. To 
assess the potential for bias incurred by ignoring the missing data, we will apply inverse-
probability-weighting (IPW) method (Wooldridge, 2010) under the assumption of missing at 
random (MAR). For IPW, each subject will be weighted in the mixed-effects model by the 
inverse probability of being a complete case. We will estimate the non-missing rate of the 
primary outcome using patients’ baseline demographic and clinical information, time, surgery 
type, and divisions’ characteristics. Missing values in the covariates used in the IPW will be 
imputed using multiple imputation by chained equations (MICE, Buuren and Groothuis-
Oudshoorn, 2011), with plausible values drawn from a predictive distribution. At least 10 
imputed datasets will be created and the interventional effects obtained from these datasets will 
be averaged for inference. 

9. Subgroup analysis 

We will conduct subgroup analyses to evaluate heterogeneity of treatment effects across pre-
specified patient and provider subgroups. These include: (1) patients aged 85 years and above 
versus other age groups; (2) sex as documented in the medical record; (3) race and ethnicity as 
reported by the patient and extracted from available Electronic Medical Record (EMR), with 
common categories determined by preliminary data analyses; (3) insurance status; (4) surgery 
type; (5) patients treated by providers with historically higher vs. lower rates of benzodiazepine 
administration. 

10. Sample size estimate 

Assuming a baseline benzodiazepine use rate of 45%, a total sample size of 225,000 at 24 USAP 
divisions over 5 periods will provide over 90% power to detect a 2 percentage point change in 
the primary outcome for each intervention alone, and a 4 percentage point change for the 
combined intervention, at a Bonferroni-adjusted significance level of 0.017 and a conservative 
intra-center correlation coefficient of 0.3. Comparable power is anticipated for satisfaction 
outcome, even after allowing for non-response rates of 15-20%. We anticipate that in-hospital 
medical outcome data will be available for approximately 11,250 patients treated at 4 USAP 
divisions. Assuming postoperative delirium and postoperative pulmonary complications each 
individually occur in 5% of control patients, we will have 80% power to detect a 2.5 percentage 
point risk reduction for each outcome; assuming a more conservative 2% outcome rate in 
controls, we will still have 80% power to detect a 1.5 percentage point risk reduction for each 
outcome, at a significance level of 0.017 and an intra-division correlation coefficient of 0.1. 
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