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Purpose: The aim of this study was to describe the effectiveness of an electronic health record best practice alert (BPA) in decreasing 
gynecologic post-discharge opioid prescribing following benign minimally invasive hysterectomy.
Patients and Methods: The BPA triggered for opioid orders >15 tablets. Prescribers’ options included (1) decrease to 15 ≤ tablets; 
(2) remove the order/utilize a defaulted order set; or (3) override the alert.
Results: 332 patients were included. The BPA triggered 29 times. The following actions were taken among 16 patients for whom the 
BPA triggered: “override the alert” (n=13); “cancel the alert” (n=2); and ‘remove the opioid order set’ (n=1). 12/16 patients had 
discharge prescriptions: one patient received 20 tablets; two received 10 tablets; and nine received 15 tablets. Top reasons for over 
prescribing included concerns for pain control and lack of alternatives.
Conclusion: Implementing a post-discharge opioid prescribing BPA aligned opioid prescribing following benign minimally invasive 
hysterectomy with guideline recommendations.
Keywords: hysterectomy, opioid, prescribing, patient discharge, practice patterns

Introduction
Opioid-related morbidity and mortality continue to be a public health crisis in the United States,1–3 and post-surgical 
prescribing is an important contributor to this problem at large.4 For example, an estimated 72% of patients have excess 
opioids following common surgical procedures.5–8 Thus, excess prescribing in North America poses adverse outcomes 
including increased rates of new persistent opioid use9–12 and diversion, misuse, and abuse throughout the community, 
exacerbating the opioid epidemic.13 Hysterectomy is the most common non-obstetric surgical procedure in women,14,15 

and approximately 82% of patients receive opioids following hysterectomy.16–18 Recent data also suggest that opioids are 
vastly overprescribed in this patient population.19

Among the potential approaches to address excess post-surgical prescribing in these patients is use of behavioral 
economics and nudge interventions to improve clinical compliance. Applications of these interventions in the medical field 
exist on a continuum, ranging from a subtle opportunity to provide information to clinicians to a more restrictive elimination of 
choice.20 In particular, best practice alerts (BPA) are clinical decision support tools accessible in the electronic health record 
(EHR) and prompt clinicians to bring additional attention to particular components of a patient’s care needs.21 BPAs are well 
described in the literature for supporting and improving clinical decisions and compliance measures. Favorably, recent 
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evidence indicates that BPA interventions are effective in multiple clinical situations,21–26 particularly in decreasing opioid 
prescribing in inpatient and outpatient settings,25,26 decreasing antibiotic prescribing,27–29 and increasing naloxone 
prescribing.30–32 Together, these studies highlight that BPAs may be an effective platform for improving adherence to 
prescribing guidelines and reducing excess post-surgical opioid prescribing in US health-care systems in the future.

Although there is growing evidence in support of prescribing BPAs, a limited set of data exists regarding BPAs in the 
setting of opioid prescribing after surgery, including hysterectomy.33 The present quality improvement project was 
designed to assess the impact and provider perceptions of a BPA for post-discharge opioid prescribing after hysterectomy 
implemented in a large, tertiary care health system. The two aims of this QI project were to (1) evaluate this BPA’s 
effectiveness and feasibility in decreasing gynecologic post-discharge opioid prescribing following benign minimally 
invasive hysterectomy and (2) obtain qualitative clinician perspectives of prescribing BPA.

Methods
This QI project was approved by the University of Michigan Institutional Review Board (IRB HUM00201769). This 
quality improvement project was deemed as not regulated by the University of Michigan's institutional review board. No 
informed consent procedures were required.

Clinical Rationale
The Opioid Prescribing Engagement Network at the University of Michigan (OPEN, www.michigan-OPEN.org)—a 
statewide collaboration—aims to establishing evidence-based guidelines to tailor acute and postoperative care opioid 
prescribing in combat of the opioid epidemic in the state of Michigan. OPEN has developed opioid prescribing 
recommendations for multiple surgical specialties and has also worked to improve use of non-opioid analgesics, increase 
expectation setting for patients prior to surgery, and encourage safe storage and disposal of opioid prescriptions. In 
partnership with the Michigan Department of Health and Human Services, Blue Cross Blue Shield of Michigan 
(BCBSM) Value Partnerships, and the Institute for Healthcare Policy and Innovation (IHPI) at the University of 
Michigan, this program was initiated to promote awareness about and advance perioperative pain management while 
minimizing surgical opioid prescribing-related morbidity and mortality. Evidence-based opioid prescribing recommenda-
tions by OPEN have been recognized by the Leapfrog Group as meeting quality standards for post-surgical opioid 
prescribing, as well as the revised Centers for Disease Control and Prevention (CDC) Opioid Prescribing Guidelines.34

In 2017, OPEN released the first evidence-based prescribing guidelines for multiple surgical conditions and has 
continued to refine and update these guidelines. Per the guidelines, the appropriate quantity of oxycodone 5 mg tablets 
for abdominal hysterectomy was 0–20 tablets and for vaginal or laparoscopic/robotic hysterectomy was 0–15 tablets.35 In 
partnership with OPEN, the Precision Health Initiative Implementation Team at the University of Michigan36 developed 
an interruptive BPA in an attempt to ensure compliance with opioid prescribing guidelines after hysterectomy.

BPA Development
In Fall 2019, Michigan Medicine created a clinical decision support tool, in the form of an interruptive BPA (Epic 
Systems Inc., Verona, WI), for patients undergoing minimally invasive hysterectomy.

The BPA criteria were as follows:

1. Prescribed oral opioids with a quantity greater than 15 tablets/pills
2. Admission/discharge transfer system (ADT) Patient Class: hospital outpatient surgery, defined as non-admitted 

patients with 0 stays past midnight
3. Primary Procedure performed: minimally invasive hysterectomy (defined as vaginal, laparoscopic, or robotic 

hysterectomy)

The BPA was triggered upon signing new opioid medications in the EHR Discharge Navigator Order Reconciliation 
(Supplemental Figure 1), if the above criteria were met. When triggered, the BPA presented a link to the OPEN 
guidelines, a custom-built gynecology postoperative discharge order set containing defaulted prescription order options 
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for both oral non-opioid and opioid pain medications and additional medications including oral anti-emetics and 
laxatives. Prescribers had multiple prescribing options when interacting with the BPA tool: (1) cancel the alert and 
change the dispense quantity to less than or equal to 15 tablets/pills; (2) remove the opioid order in progress and open 
a gynecology order set with defaulted medication options; or (3) override the alert. Providers that chose to override the 
BPA recommendations were required to outline reasons for a prescription order of greater than 15 tablets/pills.

BPA Implementation
In October 2019, the BPA was integrated into the existing discharge workflow and configured to trigger once 
a postoperative discharge opioid-containing oral analgesic was prescribed exceeding a quantity greater than a 3-day 
supply as a proxy for the 15 tablet recommendations. Following a 3-month time period, the pilot BPA was adjusted in 
February 2020 to trigger once a discharge opioid prescription exceeded 15 tablets/pills, reflecting a more precise 
measurement of prescribing practices. All BPA data were collected for postoperative patients following a minimally 
invasive hysterectomy during the time period of October 2019 to February 2021.

Data Acquisition & Variables of Interest
A retrospective chart review was performed. Data were collected for patients who underwent minimally invasive 
hysterectomy for benign indications between October 2019 and February 2021.

The study team abstracted information regarding gender, age, race, ethnicity, surgeon, date of surgery, preoperative 
opioid use in the 30 days prior to surgery, American Society of Anesthesiologists physical status classification score, 
Charlson Comorbidity Index, opioid prescription at discharge (type of medication, dose, and number of pills), and 
prescribed non-opioid adjuncts. Once the data were collected, all identifiers were removed.

Provider Survey
During Summer 2021, resident physicians for whom the BPA fired during the time period of October 2019 to 
February 2021 were invited to complete a 5-min Qualtrics survey to discuss the BPA (Supplemental Information). The 
domain of interest included provider/user satisfaction with the BPA, as well as input from surgeons regarding BPA 
improvement. Categories addressed included resident perspectives of the BPA, BPA interface preferences, and QI 
barriers and facilitators. The survey was constructed to allow for the potential development of new categories.

Analysis
Patient characteristics were described through the utilization of descriptive statistics (eg percentages, means, and standard 
deviations). Differences between patients for whom the BPA triggered versus patients for whom the BPA did not trigger 
were assessed using the t-test and chi-square test. Sample size was selected based on the number of times the BPA 
triggered during this time period.

Results
Patient Population
This project initially had 344 patients (≥18 years) undergoing a benign minimally invasive outpatient hysterectomy— 
vaginal, laparoscopic, or robotic approach—between October 2019 and February 2021. We excluded seven patients who 
had an abdominal hysterectomy, four patients who had surgery at an outside hospital, and one patient who had 
a cancelled procedure. The final dataset included 332 patients (Figure 1). The mean age of the population was 50.5 
(SD,12.65), and 71.4% of patients identified as white and non-Hispanic. Other descriptive data are displayed in Table 1.

BPA Triggering
Between the months of October 2019 to February 2021, 332 patients in our cohort underwent benign minimally invasive 
hysterectomy, and the BPA triggered a total of 29 times; 4.82% of patients (n=16) had the BPA trigger and 95.18% of 
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patients (n=316) did not have the BPA trigger. Seven patients had one BPA trigger; six patients had two BPA triggers; 
two patients had three BPA triggers; and one patient had four BPA triggers in their EHR account.

There were differences in demographics between those for whom a BPA was triggered. On average, BPA was more 
likely to trigger for younger patients (approximately 38.4 years), of white, non-Hispanic race/ethnicity (50% of patients) 
with an ASA score of 2 (62.5% of patients). The average Charlson comorbidity index score for patients for whom the 
BPA triggered and those the BPA did not trigger was 2.3 (SD of 3.94) and 4.1 (SD of 4.54), respectively. In the 30 days 

Figure 1 Flow diagram displaying inclusion and exclusion criteria for studied patients.

Table 1 Sample Preoperative Characteristics for Overall Sample and by Best Practice Alert (BPA) Group

BPA N=16 No BPA N=316 Overall N=332 P value

Age in years, mean (SD) 38.4 (7.42) 51.1 (12.56) 50.5 (12.65) < 0.001

Race/ethnicity 0.096

White, non-hispanic 8 (50.0) 229 (72.5) 237 (71.4)

Black, non-hispanic 4 (25.0) 35 (11.1) 39 (11.8)

Hispanic 1 (6.3) 9 (2.9) 10 (3)

Other or unknown 3 (18.8) 43 (13.6) 46 (13.9)

ASA score 0.025

ASA 1 3 (18.8) 7 (2.2) 10 (3)

ASA 2 10 (62.5) 196 (62) 206 (62.1)

ASA 3 3 (18.8) 109 (34.5) 112 (33.7)

Unknown 0 (0) 4 (1.3) 4 (1.2)

Charlson comorbidity index score, mean (SD) 2.3 (3.94) 4.1 (4.54) 4.0 (4.53) 0.131

Preop rx (in 30 days prior) 1 (6.3) 4 (1.3) 5 (1.5) 0.220

Abbreviations: ASA, American Society of Anesthesiologists; BPA, Best Practice Alert; Rx, Prescription.
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prior to surgery, a total of five patients had preoperative opioid prescriptions: one patient (SD 6.3) had a BPA trigger and 
four patients (SD 1.3) did not have BPA triggers (Table 1).

Final BPA Action
Among the 16 patients for whom the BPA triggered, 13 patients (81.25%) had “override the alert” as the final BPA action 
entered in the EHR by their provider. Two patients (12.50%) had “cancel the alert” as the final BPA action entered in the 
EHR. One patient (6.25%) had “remove the opioid order set in progress” as the final BPA action. Chart review data 
identified that among the 16 patients with a BPA trigger, 12 patients had a discharge prescription: one patient received 20 
tablets (6.25% of patients); two patients received 10 tablets (12.50% of patients); and 9 patients received 15 tablets 
(56.25% of patients). 4/16 patients (25% of patients) did not have a discharge prescription (Figure 2).

Semi-Structured Qualtrics Survey
50% of resident providers (n=4) remembered the BPA trigger event and were aware of OPEN guidelines prior to writing 
their opioid prescriptions. When all providers were asked for intentions for prescribing over guideline recommendations, 
the following reasons were provided: “concerns for pain control” (37.5% of providers, n=3), “inability to use alternative 
treatments” (37.5% of providers, n=3), and “do not remember details” (25% of providers, n=2). Opinions regarding the 
BPA organization, structure, and utility were varied among providers.

For providers that recalled the BPA trigger, providers’ agreement (n=4) with the statement, “The BPA was clinically 
useful” was as follows: 25% slightly agreed, slightly disagreed, moderately disagreed, or were unsure, respectively. For 
the statement, “The BPA increased my awareness and knowledge of prescribing guidelines”, 50% were neutral, 25% 
slightly disagreed, and 25% strongly disagreed. Regarding, “The BPA made me consider my post-discharge prescribing 
habits”, 25% slightly agreed, 25% were neutral, and 50% moderately disagreed. For the statement, “The BPA would be 
beneficial for other procedure/surgery types in the future”, 50% moderately agreed, 25% slightly disagreed, and 25% 

Figure 2 Final discharge opioid prescription following hysterectomy for patients for whom the best practice alert (BPA) triggered. Percentage of women (in percentages) 
among 16 patients for whom the BPA triggered that received an opioid discharge prescription. Four patients, 25% of women, did not have a discharge prescription. 12 
patients, 75% of women, had a discharge prescription: two patients received 10 tablets (12.50% of women), nine patients received 15 tablets (56.25% of women), and one 
patient received 20 tablets (6.25% of women). These reported outcomes include 16 patients for whom the prescription was higher than guideline recommendations. 
Abbreviation: **BPA, Best Practice Alert.
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strongly disagreed. For providers’ response to “What aspects of [the BPA’s] quality and/or interface would you change?”, 
25% stated “get rid of the alert as it adds to alert fatigue” while 75% did not provide a response.

For providers that did not recall the BPA trigger, providers’ agreement (n=4) with the statement “The BPA would be 
clinically useful for post-discharge opioid prescribing after hysterectomy” was as follows: 50% strongly agreed, 25% 
moderately agreed, and 25% were neutral. For the statement “The BPA would increase my awareness and knowledge of 
the prescribing guidelines”, 50% slightly agreed, 25% were neutral, and 25% moderately disagreed. For the statement 
“The BPA would be beneficial for other procedure/surgery types in the future”, 25% strongly agreed, slightly agreed, 
were neutral, and moderately disagreed, respectively. Regarding the statement “The BPA would make me consider my 
own post-discharge opioid prescribing habits”, 25% moderately agreed, slightly agreed, slightly disagreed, and strongly 
disagreed, respectively. Supplemental Figure 2 and Box 1 describe the findings from the provider satisfaction survey.

Discussion
In this quality improvement study, we found that the implementation of a BPA for opioid prescribing after hysterectomy 
was associated with changes in the discharge opioid prescription that were aligned with prescribing recommendations. 
Specifically, the BPA triggered 29 times and was more likely to trigger for younger patients with lower comorbidities 
(lower ASA physical status and Charlson comorbidity scores), which could partly be due to pain being underreported or 
better tolerated by older patients. There is also a possibility older patients may have more realistic expectations regarding 
post-operative pain based on previous surgical experiences in contrast to younger patients who may not have a surgical 
history. Moreover, it is known that opioid consumption is higher in younger patients, so it may be that the providers were 
responding to a perceived need for more opioids. Post-operative opioid prescribing after minimally invasive hyster-
ectomy aligned more closely with prescribing recommendations with the utilization of EHR post-discharge BPA. Only 
one patient received a tablet count above the recommended prescribing guidelines recommended by OPEN (0–15 
tablets).35

While the use of BPAs for post-hysterectomy opioid prescribing has not been studied to our knowledge, studies 
highlighting the use of BPAs for opioid prescribing in general have noted a 34% decrease in the morphine milligram 
equivalents (MME) per opioid prescription per month following BPA implementation in inpatient and outpatient 
settings25 and a 19% increase in guideline-concordant opioid prescriptions following BPA implementation in ambulatory 
care.26 Similarly, BPA interventions have had considerable success in the arena of antibiotic stewardship and naloxone 
prescribing. Prior work across three groups highlighted that BPAs served as de-escalation tools for reducing antimicrobial 
prescriptions and broad-spectrum antibiotics specifically in patients hospitalized for ≥72 hours,27 sustainable interven-
tions for implementing antibiotic management protocol in patients hospitalized with staph aureus bacteremia,28 and 
effective tools for minimizing discharge antibiotic prescribing when diagnostics supported viral respiratory infection.29 

Yielding similar findings in naloxone prescribing, DeVries et al30 identified 13.8% of naloxone prescriptions being signed 

Box 1 Free Response of Provider Satisfaction for Whom the Best Practice Alert (BPA) Triggered

Providers who recalled BPA trigger (n = 4)

“What aspects of the BPA quality and/or interface would you change, if any”.  
“Get rid of the alert as it adds to alert fatigue”, 25%  

No response provided, 75%

Providers who did not recall BPA trigger (n = 4)

“What aspects of the BPA quality and/or interface would you change, if any”.  
“Having a link to guidelines on other medications/doses as alternatives to narcotics”, 25%  

“Having the opioid discussion prior to PACU (perhaps in the preoperative appointment) would provide the opportunity for more 
meaningful documentation and conservation of the number of opioids”, 25%  

“It would be more helpful to have a warning fire within the discharge note if someone were prescribing outside of the guidelines”, 25%  

No response provided, 25%

Abbreviation: BPA, Best Practice Alert.
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for patients with known substance abuse disorders or opioid overdose in response to BPA alerts; Eldred et al31 found an 
increase in naloxone prescribing from 2% prior to 57.6% following BPA implementation for ED patients with high risk 
for overdose; shortly after Funke et al32 introduced an evidence-based harm reduction BPA for 1426 patients with opioid 
use disorder in the ED, researchers saw naloxone prescriptions increase by 21.1%. The application of our novel BPA in 
the setting of post-gynecologic surgery has also yielded positive findings as described in these works.

While most providers selected to prescribe 15 tablets for discharge, a discrepancy existed between providers who 
remembered the BPA triggering versus those who did not remember the BPA altogether. Those providers that recalled the 
BPA triggering for patients were more likely to state that the BPA did not increase their awareness of prescribing 
guidelines or individual prescribing habits. However, 50% of these providers moderately agreed that the BPA would be 
successful for other procedure types. Meanwhile, providers that did not remember the BPA were more agreeable in terms 
of the alert’s clinical use, ability to increase awareness of prescribing guidelines, and benefit for future use in other 
procedure types. Perhaps, the interruption in workflow made providers that remembered the BPA less likely to find the 
alert useful, while those that did not remember were less likely to make negative associations with the idea of the BPA.

Alert fatigue has been identified as a potential issue in hospital settings, with approximately 50% or more of 
alerts being overridden or ignored by physicians.37,38 Similar sentiments were expressed by the findings in this pilot 
project. Potential methods to overcome these considerable figures include prioritizing alert triggers for at-risk 
patients, alert delays, customizing commercially available alerts, adding sophistication to existing alerts, and 
allowing providers to comment on the alert when interacting with interface.39,40 While our alert did utilize alert 
delays, customization, and opportunities for provider feedback, the physicians in this project did report alert fatigue 
as a concern for the BPA. We must further explore the mechanism with which providers engage with EHR alerts in 
order to determine other factors impacting their interaction with this particular BPA. For example, one must consider 
cognition and the distinctions between delaying a response by exiting an alert versus overriding an alert altogether. 
By examining the positive and negative cognitive processes at play when interacting with drug safety alerts, a more 
sustainable and effective choice architecture for BPA workflow will be achievable in the future—thus improving 
patient outcomes.

Strengths and Limitations
Although this pilot project contains a small sample, a major strength of the project is the emphasis on one of the most 
common non-obstetric surgical procedures in women (benign minimally invasive hysterectomy). In addition, this project 
utilized nationally recognized, data-driven opioid prescribing recommendations for abdominal and laparoscopic or 
vaginal hysterectomy from OPEN.35 Another strength of this project was early adjustment to focus on quantity of 
prescribed opioid tablets versus days supplied which may be interpreted in many ways. Furthermore, the BPA was 
designed to allow providers to close out and revisit the alert once a patient’s chart was accessed at a later time. Thus, 
more frequent alert appearances in the single patient’s chart nudged overall prescribing behaviors in favor of a reduced 
opioid tablet count.

This project has some limitations. The pilot BPA was initiated at a tertiary academic medical center in the Midwest, 
which can limit the generalizability to other locales (eg rural or urban settings). Additionally, an emphasis on multiple 
procedure types could have described a more robust result, pointing to surgery types in which BPAs could be most 
useful.33 Since clinicians at Michigan Medicine have exposure to best practices for opioid prescribing due to initiatives 
set by OPEN, it is possible that our limited BPA trigger data may reflect a more positive prescribing environment. 
Finally, the EHR alert architecture could not account for the initial discharge opioid order details entered by the provider: 
only the final prescription was captured. These missing data points present an incomplete picture of how the BPA affects 
clinicians’ thought processes.

Future Directions
Additional research will be necessary to capture the extent of overprescribing of opioids following hysterectomy at other 
hospital sites across the state of Michigan and its implications for further resident education and guideline establishment. 
Future renditions of a post-discharge prescribing BPA may include opioid alternatives for providers to select instead of 
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prescribing opioids altogether. In addition, comparing pre- and post-BPA implementations of opioid prescribing and 
expanding future iterations of this BPA to the state-wide level and including additional procedure types may help to 
identify pockets of excessive opioid prescribing in other surgical specialties and hospital systems.

Conclusion
The use of a post-discharge opioid prescribing BPA was associated with changes in opioid prescribing following a benign 
minimally invasive hysterectomy that aligned with prescribing recommendations, in favor of a reduced opioid count.
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