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INTRODUCTION

Institutions must comply with documentation standards set by the Center for Medicare and Medicaid Services (CMS) and The Joint Commission (TJC) to guarantee payor reimbursements for anesthesia services. 1,2 Such documentation often involves recordings of clinical events at specific times and attestations affirming that a particular assessment or procedure is performed. [START_REF]Comparison of time of IPOA completion between morning[END_REF] For instance, all anesthetics require an immediate pre-operative assessment (IPOA) by a qualified anesthesiologist or anesthesia care provider. The importance of the pre-anesthesia evaluation is noted in TJC's accreditation requirement PC.03.01.03, Element of Performance #8, which states that "The hospital reevaluate the patient immediately before administering moderate or deep sedation or anesthesia." 4 This standard also references the CMS regulation governing anesthesia services. 5 Overall, this reevaluation of the patient's health status includes a final review of the patient's medical chart, whether the patient has ingested any food or liquid, the type of anesthesia to be delivered, whether the surgery is an emergency, and the patient's American Society of Anesthesiologist (ASA) physical status score.

However, adherence to the required elements of documentation of the anesthesia electronic record to meet CMS and TJC standards can be especially challenging in the perioperative space. [6][7][8] At our institution, documentation of the IPOA in our electronic medical record must be completed for every case by an anesthesiologist at any time after the patient enters the operating room and before their transfer of care to the post-anesthesia care unit (PACU) (Fig. 1). In figure 1, these two time points are noted as "Anesthesia Start (Patient walks in)" and "Anesthesia End/PACU handoff". IPOA documentation performed before "Anesthesia Start" or after "Anesthesia End" is considered noncompliant. Given the number of competing clinical, teaching, and administrative obligations anesthesiologists have during procedures, ensuring compliance within this time-frame has proven to be a stubborn problem.

Clinical alert systems have been used to analyze deviations from hospital standards in the electronic medical record to identify missing documentations and send alerts to the appropriate providers to increase adherence to required elements. [9][START_REF] Sandberg | Real-time checking of electronic anesthesia records for documentation errors and automatically text messaging clinicians improves quality of documentation[END_REF][START_REF] Wax | An Automated Critical Event Screening and Notification System to Facilitate Preanesthesia Record Review[END_REF][START_REF] Kheterpal | Electronic reminders improve procedure documentation compliance and professional fee reimbursement[END_REF][START_REF] Wanderer | Real-time alerts and reminders using information systems[END_REF] To improve compliance, an alert system for documentation of the IPOA was implemented at our institution in August 2018 with the goal of improving documentation compliance rates. If the clinical alert system detected a missing IPOA at the time when the surgery has ended (defined as the time when the drapes were removed from the patient), an alert in the form of a reminder text page was sent to the anesthesiologist (Fig. 1) This time point is denoted as Surgery End/Drapes Off" in Figure 1. The alert was placed at the conclusion of surgery to give the anesthesiologist ample time to complete the IPOA prior to "Anesthesia End/PACU handoff", without being sent too early in the intraoperative timeline. It was designed to serve as a final reminder before the documentation would be deemed non-compliant. We hypothesized that implementation of this alert system would increase the compliance of on-time documentation of the IPOA. As a secondary analysis, our study examined if the compliance rate was sustained across the 6 months following alert implementation, how the alert affected the timing of IPOA completion, and whether there were differences in compliance rates pre-vs post-implementation across categories of case duration, patient age, and hospital service.

METHODS

Data Collection

Institutional Review Board approval was obtained for this retrospective study (Memorial Sloan Kettering Cancer Center, New York, New York) and written consent was waived because no patient identifiers were collected. This manuscript adheres to the applicable STROBE guidelines. An initial data query in our institutional data warehouse was made for all patients who had a completed anesthetic between February 2 nd , 2018 to February 2 nd , 2019. This date range corresponded to 6 months before and after August 2 nd , 2018, the date when the IPOA alert was implemented and the anesthesiology department was educated on events that would trigger the alert.

The following exclusion criteria was applied. We excluded cases that were duplicates or repeats of existing cases, which were created in our database if an anesthesiologist made an update to the IPOA or if there were multiple attendings starting the case. Additionally, we excluded cases that occurred in OR locations used for pediatric imaging, pediatric ophthalmology surgery, or pediatric procedures, and cases that occurred in a non-OR location. These groups of cases did not have a drapes-off time recorded in the EMR and thus did not have an alert sent time. Last, we excluded cases also missing a proper "drapes-off" notation and cases missing data for time when IPOA was documented. The remaining cases were separated into pre-and post-alert system implementation for analyses.

Statistical Analysis

The following analyses were performed: testing the proportion of cases compliant with on-time documentation of the IPOA pre-versus post-implementation for the full cohort and among subsets of interest, testing the time when the IPOA was completed relative to anesthesia end, and testing whether time of day of when surgery occurred had an impact on the time when the IPOA was completed relative to the drapes off/IPOA alert sent time. The proportion of compliance for pre-versus postimplementation was tested by Chi-square test. The test for compliance rate was performed first in the full cohort and then among subsets of interest (age of patient (adult vs pediatric), hospital service (Table 6), and case duration (<1 hour, 1-3 hours, 3-6 hours, and >6 hours). In the analysis of secondary endpoints, comparison of time when the IPOA was documented relative to the time of anesthesia end between pre-versus post-implementation periods were conducted using Wilcoxon rank-sum test. To test if time when the IPOA was completed relative to the drapes off/IPOA alert trigger had an association with the time of day when surgery occurred, a Kruskal-Wallis test was performed. All statistical tests were two-sided and P values <0.05 were considered statistically significant. R 3.6.0 (R Core Team, Vienna, Austria) was used for statistical analysis.

RESULTS

Through retrospective chart review of electronic patient records, 47,417 cases matched our inclusion criteria of patients that had a completed anesthetic between February 2 nd , 2018 to February 2 nd , 2019. In total, we excluded 5132 cases, which were composed of 1,160 repeats of existing cases, 3885 cases that were performed in an OR or non-OR location that did not record a drapes-off/alert sent time, 86 cases with a missing or incorrectly documented drapes-off/alert sent time, and 1 case with missing data for time when the IPOA was completed relative to anesthesia end. Thus, we included 42,285 cases in both our primary and secondary analysis. 22,846 cases occurred in the preimplementation period, while 19,439 cases occurred in the post-implementation period (fig. 1).

Comparison of Case Characteristics in the Pre-and Post-Implementation Periods

The number of pediatric versus adult cases, number of emergency cases, time of day the operation occurred, service type, and case duration in the pre-implementation (6 months before) and post-implementation period (6 months after) were similar. The only characteristic that showed statistically significant difference was whether an alert was necessary in both the pre-and postimplementation period. An alert was deemed as necessary if the IPOA was not completed by the anesthesiologist prior to the recorded "drapes off" time in the EMR. In the pre-implementation period, an alert would have been necessary in 30% of cases, while in the post-implementation period, an alert was sent in 22% of cases (P < 0.001) (Table 1).

Primary Analysis: Improved Compliance Rate in Post-Implementation Period

The compliance rate of IPOA completion increased from 76% to 88% (P < 0.001) before and after the alert implementation date (Table 2). Furthermore, the weekly compliance rate in the postimplementation period consistently remained above 80%, while the monthly compliance rate in the post-implementation period remained above 85% (Fig. 3). In the initial month following alert implementation, the compliance rate immediately increased to 83%. It continued to increase in the following months, with the 1 st , 2 nd , 3 rd , 4 th , and 5 th month post-implementation having a compliance rate of 87%, 89%, 87%, 88%, and 87% respectively (Fig. 3). This sustained improvement suggest that the alert system may have a consistent, continued, positive impact on the anesthesiologists' documentation compliance with the required IPOA element.

Secondary Analysis: Earlier IPOA Completion Time in Post-Implementation Period

We also investigated whether the IPOA alert implementation shifted the time that the IPOA was completed during a case. For this metric, we measured the difference in minutes between the time of IPOA completion and the anesthesia end time. In the pre-implementation period, the median time of IPOA completion was -48 minutes (48 minutes earlier than the anesthesia end time). In the postimplementation period, the median time of IPOA completion was -54 minutes (54 minutes earlier than the anesthesia end time) (P < 0.001) (Table 2). A negative value was categorized as compliant, with a more negative value implying an earlier IPOA documentation time. A positive value was categorized as non-compliant, with large positive durations implying longer delays in IPOA documentation. These indicate that since the introduction of the IPOA alert, anesthesiologists were completing the IPOA at an earlier time point in a case.

We investigated whether the time of day (morning, afternoon, evening) of when the surgery started had any impact on the time of when the IPOA was filled out. For this metric, we calculated the number of minutes away from the "drapes off" time (alert trigger). There was a significant difference in the median time when the IPOA was completed in the morning (-38 [-97, 2] minutes) versus afternoon (-30 [84, 3] minutes) versus night (-29 [-63, 0] minutes) (P < 0.001) (Table 3). A negative value referred to how many minutes before "drapes off "time (alert trigger) the IPOA was completed. These results show that IPOA documentation was completed at an earlier time during a case for surgeries occurring earlier in the day. 0.001) and interventional radiology service, which increased from 65% to 83% (an 18% difference; P < 0.001). The other surgical services with statistically significant improvement were anesthesiology, breast, colorectal, gastric and mixed tumor, gynecology, hepatopancreaticobiliary, head and neck, neurosurgery, plastics and reconstructive, pulmonary, radiation oncology, thoracic, and urology. Surgical services where the data did not show statistically significant improvement were ophthalmology, orthopedics, pediatric, and other (which include bone marrow, cardiology, dental, and pain) (Table 6).

DISCUSSION

Studies have demonstrated the positive impact of real-time clinical alerts on documentation of clinical events. One study demonstrated improved compliance in arterial catheter placement documentation developed. [START_REF] Kheterpal | Electronic reminders improve procedure documentation compliance and professional fee reimbursement[END_REF] Another study demonstrated that a one-time page reminder within the first 15 minutes of an anesthetic could improve missing allergy documentation. [START_REF] Sandberg | Real-time checking of electronic anesthesia records for documentation errors and automatically text messaging clinicians improves quality of documentation[END_REF] Our retrospective study indicates that an automated CDS system alert also proved to have a positive impact on compliance of anesthesia assessment documentation. Compliance was shown to immediately improve within weeks and months following IPOA alert implementation and was sustained over the next 6 months. Furthermore, IPOA documentation was completed at an earlier time for cases during the post-implementation period.

The increase in compliance rate and earlier completion of IPOA documentation can be explained in several ways. First, a simple reminder page to the anesthesiologist may help refocus their attention to completing documentation if they had forgotten. Second, raised awareness that IPOA documentation compliance is low and being monitored by the regulatory affairs department could lead to behavioral modification (Hawthorne Effect) In multiple studies, the Hawthorne effect has been reported to have an immediate positive impact on study outcomes, making it crucial to study behavior rates beyond initial study dates to see if the changes are sustained or become extinct. [START_REF] Sandberg | Real-time checking of electronic anesthesia records for documentation errors and automatically text messaging clinicians improves quality of documentation[END_REF][START_REF] Srigley | Quantification of the Hawthorne effect in hand hygiene compliance monitoring using an electronic monitoring system: a retrospective cohort study[END_REF][START_REF] Mccambridge | Systematic review of the Hawthorne effect: new concepts are needed to study research participation effects[END_REF][START_REF] Demakis | Improving residents' compliance with standards of ambulatory care: results from the VA Cooperative Study on Computerized Reminders[END_REF] Through our secondary analysis, we observed significant differences in pre-and postimplementation compliance rates across different subsets of case duration. Cases with a duration of <1 hour had the lowest overall compliance rate and had the greatest improvement in compliance rate. The lower compliance rate for shorter cases is likely because the anesthesiologists have less available aggregate time to document the IPOA before anesthesia end. A longer case would give the anesthesiologist time to attend to competing needs and still complete the IPOA in requisite time.

There were also significant differences in pre-and post-implementation compliance rates across all services except for ophthalmology, orthopedics, pediatric, and other (bone marrow, cardiology, dental, and pain). Gastrointestinal (GI) and interventional radiology (IR) services demonstrated the greatest percentage increase in documentation compliance. One reason may be that their baseline compliance rates had greater room for improvement since they were lower compared to the rates of other services (68% for GI, and 65% for IR). Additionally, GI and IR services typically perform cases with shorter durations, which were shown to have the greatest improvement in compliance rate. Lastly, we observed a trend when grouping cases by time of day. Mornings were associated with an earlier IPOA completion time. This might be by explained by the idiosyncratic workflow that requires anesthesiologists to supervise more procedures as the day progresss, leading to additional clinical responsibilities that can delay IPOA completion.

Our study differs from previous studies because we investigated a nuanced, extremely timesensitive, compliance metric, IPOA documentation, that must be completed within a narrow, intraoperative time window. Additionally, the volume of cases analyzed in this study (N = 42,285) was much larger than previous studies, as every anesthetic at our institution requires the completion of IPOA documentation. Furthermore, our study also investigated secondary endpoints that impacted the intra-operative time window and workflow (e.g. time of day, case duration, service, and age) and assessed whether these subgroups revealed any trends in documentation compliance rates that may affect alarm effectiveness. The trends observed give insight into how documentation compliance may differ depending on the characteristics of the case and highlight scenarios where clinical alerts may be most impactful.

There are several limitations to our study. One limitation is the concept of alarm fatigue, where a clinician fails to adequately respond to a clinical alarm because of an excessive amount of alarms. One review article listed that a healthcare professional may be subject to as many as 1000 alarms per shift, with the FDA reporting over 500 alarm-related patient deaths in the past 5 years. [START_REF] Ruskin | Alarm fatigue: impacts on patient safety[END_REF] While we did not account for the total number of alarms received by an anesthesiologist during a case, it is possible these other alarms negatively impacted documentation compliance rate. Second, we cannot exclude the possibility of a training effect influencing the significant increase in compliance rate. However, all anesthesia departments are required to educate staff and the only way to have the anesthesia providers comply with requirements is to make them aware of the requirement. At our institution, general educational email reminders were not found to be sufficient to yield the level of documentation compliance required. Despite educational emails being sent in May 2018, the monthly compliance rates in the pre-implementation period remained below the monthly compliance rates in the postimplementation period. A third limitation is the significantly fewer percentage of cases where an alert was necessary in the pre-implementation period (30%) compared to the post-implementation period (22%). To maintain similarities between the pre-and post-implementation period, we would have expected no statistically significant difference between these two values. However, the alert implementation resulted in an improved compliance rate and earlier time of IPOA completion, resulting in a lower percentage of cases with necessary alerts in the post-implementation period. A fourth limitation is that our results are strongly tied to our institution's anesthesiology practice pattern of the MD/CRNA care team model. The impact of a clinical alert on anesthesiology documentation standards may differ depending on the institution's care team models.

In summary, we demonstrate that automated CDS system alerts via a single page notification can improve the compliance rate for documentation of key anesthesia events and that this observation is sustained six months after the implementation date. Furthermore, improvement in compliance is highest in adult cases that have a duration shorter than 6 hours and occur earlier in the day. While this study shows promising results in the use of automatic CDS system alerts to help hospitals meet TJC and CMS standards, future studies over a longer period are needed to corroborate these findings and investigate the sustainability of positive changes derived from alert systems. 
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Compliance Rate in Various Subgroups (Case Duration, Age, and Service)

In our study, we segmented cases into 4 different time categories based on case duration: < 1 hour, 1-3 hours, 3-6 hours, > 6 hours. Cases lasting <1 hour compromised 59% (N = 24,739) of all cases in our analysis, cases lasting 1-3 hours compromised 28% (N = 11,642) of all cases, cases lasting 3-6 hours compromised 11% (N = 4,602) of all cases, and cases lasting > 6 hours compromised 3% (N = 1,302) of all cases. With these subgroups, we noticed a positive trend when comparing case duration with compliance rate. Case durations of <1 hour had an overall compliance rate of 75%, 1-3 hours had an overall compliance rate of 89%, 3-6 hours had an overall compliance rate of 95%, and >6 hours had an overall compliance rate of 97%. Thus, non-compliant documentation was more likely to occur in shorter cases. We also saw significant differences in compliance rates between the pre-and postimplementation period when accounting for case duration. There was a significant improvement in compliance rate in the post-implementation period for cases lasting <1 hour (68% vs 83%; P < 0.001), 1-3 hours (85% vs 92%; P < 0.001), and 3-6 hours (93% vs 97%; P < 0.001). For cases lasting > 6 hours, there was no significant improvement (96% vs 98%; P = 0.061) (Table 4). Furthermore, we investigated whether compliance rates differed by the age of the patient.

When considering adult cases (patient age > 18 years old) (N = 40,768), there was a statistically significant increase in compliance between the pre-and post-implementation period (76% vs 88%; P < 0.001). For pediatric cases (patient age < 18 years old) (N = 1,517), there was also a statistically significant improvement in compliance (80% vs 85%; P < 0.004) (Table 5).

The pre-and post-implementation compliance rate for different types of surgical services is listed in Table 6. Of the 19 services, 15 demonstrated statistically significant improvement (P < 0.05) in compliance rates between pre-and post-implementation periods. The most notable improvements occurred in the gastrointestinal surgery service, which increased from 68% to 84% (a 16% difference; P <
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Table 1. Comparison of characteristics between cases in pre-and post-implementation period.

Emergent = whether a case was an emergency case or not. Alert necessary = whether an alert would have been or was necessary to be sent. IR = interventional radiology; GI = gastrointestinal; URO = urology; BRE = breast; GYN = gynecology; THO = thoracic; PLA = plastics and reconstructive; HNS = head and neck; CRS = colorectal; GMT = gastric and mixed tumor; PULM = pulmonary; ANES = anesthesiology; HEP = hepatopancreatobiliary; ORTHO = orthopedic; NEURO = neurosurgery; RAD ONC = radiation oncology; PEDS = pediatric; OPTH = ophthalmology; OTHER = includes bone marrow, cardiology, dental, pain