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Abstract

Healthcare providers make time-sensitive care decisions based on EHR data. As systems of record, the EHR is often
not configured to optimally surface timely information. For patients awaiting admission, infection control concerns
that potentially require private rooms can prolong stays in the Emergency Department. We aim to determine if an
event-based notification platform connected with a commercial EHR can help prioritize timely information and
improve patient flow in the emergency department.

We undertook a pre-post analysis for patients being admitted from the emergency room who were tested for influenza.
We used a primary outcome of mean time from negative test result to inpatient transfer. The median time decreased
by 27%, from 4.1 hours to 3.0 hours. The distribution of transfer times pre and post-intervention were significantly
different with a p-value of <0.001. Our findings support the use of event-based notification systems to improve patient
flow in the emergency department.

Introduction

Widespread adoption of electronic health records (EHRS) has increased the availability of real-time information for
frontline healthcare providers [1]. Though promising, electronic access to patient data poses its own challenges of
data overload and challenging workflow changes [2—-4]. EHRs are systems of record, displaying all available patient
information. However, EHRs often require the user to identify time-sensitive patient data amidst hundreds of data
elements. Providers typically access the record in a “pull” mode in which users seek out data elements of interest by
occasionally reviewing the chart for new updates. Physicians spend as much as half of their time interacting with the
EHR, and 12% of their time reviewing test results alone [5,6]. These are two of many challenges that limit the
otherwise promising potential for digitalization to improve the quality and efficiency of care [7-9].

Real-time notifications help turn a “pull” mode of data review into a “push” mode in which specified data is actively
presented to individuals for time-sensitive decision making. A large literature has examined the impacts of such
notifications, particularly for critical laboratory results [10-12]. Critical result notifications create their own
challenge of “alert fatigue”, although there is evidence that alert-based decision support systems can meaningfully
improve patient care [8,13]. Push notifications of troponin results to emergency department (ED) physicians, for
example, have reduced the time to discharge among patients presenting with chest pain [14].

A complement to the “pull” mode inherent in a system of record is a customizable notification system. We
previously implemented a general notification platform for clinical data using software offered by a commercial
vendor (Herald Health, Cambridge, MA) and have been used for alerts about critical lab results, radiology results,
home care needs, and care pathways. During the winter and early spring of 2018, operational leadership at the
hospital became interested in using Herald for improving patient flow within the hospital. A severe influenza season
created a high volume of patients who could need single-occupancy rooms. Before transferring to an inpatient bed,
patients with suspected flu would stay in the ED until an influenza test revealed whether the patient was appropriate
for single or double occupancy. Given the high hospital census during influenza season, more timely communication
of negative flu to the operations personnel responsible for bed assignment could improve patient care and efficiency.

Our objective in this study is to evaluate the impact of real-time notifications beyond the traditional focus on critical
lab results. We hypothesize that a customizable notification platform such as Herald can significantly improve
patient care by accelerating decisions made by frontline staff. Here, we examine the impact of a protocol for
influenza test results on transfer times from the ED to an assigned bed.
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Methods

In this retrospective observational study, we used a pre-post methodology to analyze data about patients admitted to
the Brigham and Women’s Hospital (BWH) through the emergency department (ED). Specifically, we focused only
on patients for whom a rapid Influenza test (known as a “flu swab”) was collected while they were in the ED, and the
result of the swab was negative for Influenza A and Influenza B. These patients are automatically put on droplet
precautions when the flu swab is ordered. If they require an admission to the inpatient units, they will need to be
admitted to a single-occupancy room because of the droplet precautions. However, if the result of the flu swab is
negative, assuming the patient does not have any other conditions requiring isolation, the patient can be admitted to a
shared room (most rooms in the hospital units are shared rooms with two patient beds). Because the negative result is
not an “abnormal” result requiring immediate medical intervention, it is not communicated to the providers.
Consequently, many patients remain on “droplet isolation” status in the ED and are ineligible for a shared room,
delaying their admission and transfer to inpatient units.

The Herald Health notification platform connects to a variety of real-time clinical data sources and monitors those
data sources according to a set of protocols defined by frontline users or hospital administrators. Protocols can be
simple rules—for example, a final imaging report is available—or contain complex logic, requiring a variety of
patient data elements to be met before triggering (e.g. a physical therapy consult has been ordered for a patient on
Medicare that lives within 5 miles of the hospital). If the conditions for a protocol are met, the software sends a
notification to a frontline staff member according to their preferred communication channel, such as a pager, email,
or web-based feed of events. The software had previously been deployed at Brigham and Women’s Hospital for
alerts about critical lab results, radiology results, home care needs (notifying care coordinators that an order was
placed for home physical therapy), and care pathways (identifying patients eligible for a home hospital program).

For the protocol we study here—alerting operations staff when flu test results are available for a patient waiting to be
admitted to the hospital—the Herald software receives the lab test results via HL7 v2 message and patient location
and bed status information available via additional application programming interfaces (APIs). The software processes
these data in real time and checks whether the protocol logic is satisfied for each set of flu tests received. If the protocol
is satisfied, the software automatically sends a page with the test result and patient information to the designated
operations associate in charge of bed assignment via the hospital’s in-house paging system.

We collected data about patients with negative flu swab results who visited the BWH ED from three months before
the software was deployed until three months after its implementation. We identified the timestamps associated with
the flu swab order, flu swab result, droplet isolation order start and end time, and the date and time of patient’s transfer
from the ED to an inpatient unit.

The primary outcome of our study was time from when the flu swab negative result was available until the patient
was transferred to an inpatient unit. We excluded patients who were not admitted to an inpatient unit, patients whose
flu swab result was only available after their transfer to an inpatient unit, and patients who remained on droplet
isolation for more than 48 hours (i.e. had other indications for droplet precautions). Secondary outcomes included
time from flu swab result until the time the precautionary droplet isolation order was discontinued and ED length of
stay (LOS). ED LOS was defined as time from arrival at the ED until the patient arrived at their assigned bed in the
inpatient unit. Therefore, it included the actual stay in the ED plus the “boarding time” for those patients who did not
get directly transferred from the ED to their inpatient bed.

We anticipated that all outcome measures would be continuous variables with a significant skew, therefore we
compared them using the Mann-Whitney U test for comparison of means. All analyses were done using R version
3.4.3 [15] and the study was approved by the Institutional Review Board of Partners Healthcare.

Results

A total of 917 cases with negative flu swab results were considered for this study, and 814 were included in the final
analysis (the rest were excluded because their isolation status lasted more than 48 hours after the flu swab was
resulted). Table 1 summarizes the key demographic features of the two study arms. Overall, no significant difference
was observed between the two study arms with respect to these demographic characteristics.

Figure 1 shows the distribution of the three main outcomes before and after the implementation of the flu test result
notification protocol. The distribution of all three outcome variables shifted to shorter time intervals after
implementation of the notification protocol.
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Table 2 compares the mean, standard deviation, median, and interquartile range of each outcome across the two
periods. The time from flu swab negative result was available until the patient was transferred to the inpatient unit
was statistically significantly shorter after the notifications were implemented (decreasing from a median of 4.1 hours
to 3.0). The time from flu swab negative result was available until the isolation order was discontinued decreased by
a similar amount (from 2.8 hours to 2.0). Similarly, the ED LOS was shorter in patients with negative flu swabs after
the notifications were implemented compared to the historical control (from a median of 7.1 to 6.2). The distribution
for each outcome was significantly different pre versus post-implementation of the protocol (with p-values of < 0.001,
0.006, and <0.001 respectively). For all three outcome measures, outliers existed in both arms of the study. However,
removing those outliers did not change the directionality or statistical significance of the results.

Table 1. Distribution of patient characteristics across the two study arms. The last row shows the p-value for the

Mann-Whitney U test.

Before After
Number of encounters 404 410
Number of patients 392 401
Sex = female (%) 225 (56%) 211 (51%)
Age (mean + SD in years) 64.1+17.2 61.1+16.9
Race (%0) White 260 (64.4%) 261 (63.7%)
Black 68 (16.8%) 77 (18.8%)
Hispanic 24 (5.9%) 24 (5.9%)
Asian 21 (5.2%) 22 (5.4%)
Other/Unknown 31 (7.7%) 26 (6.2%)
Primary Insurance (%) Medicare 215 (53.2%) 204 (49.8%)
Medicaid 42 (10.4%) 36 (8.8%)
Commercial 135 (33.4%) 157 (38.3%)
Other 12 (3.0%) 13 (3.1%)
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Figure 1. Distribution of the main outcome variables across the two study arms. All outcome measures are reported
in hours. See text for explanation regarding the outlier values.
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Table 2. Distribution of the main outcome variables across the two study arms. All outcome measures are reported
in hours.

Time from flu swab
negative until transfer of
patient to inpatient unit

Time from flu swab
negative to cancelation
of isolation order

ED length of stay

Before After Before After Before After
Mean (SD) 6.2 (6.7) 5.4 (6.3) 7.2 (10.8) 5.3(8.5) 9.5 (6.8) 8.9 (7.1)
Median (IQR) 4.1(5.2) 3.0(3.9 2.8 (6.4) 2.0 (5.3) 7.1(5.2) 6.2 (4.2)
P-value < 0.001 0.006 < 0.001
Discussion

We observed that a push notification of negative flu test results for patients admitted from the ED with suspected
influenza awaiting inpatient bed resulted in approximately one-hour median declines for time to cancellation of
isolation order, time to transfer to inpatient unit, and ED length of stay. These results are both clinically and statistically
significant.

Increased boarding hours in the ED are associated with worse patient outcomes. Creation of new more available bed-
hours in an ED during peak demand periods will increase more timely evaluations for other patients waiting for care.
Scarce inpatient isolation rooms are also preserved for the most appropriate patients. More broadly, our results
demonstrate that a tailored push notification system can have impact not just in clinical care, but also in hospital
operations. While the study did not formally assess patient satisfaction, prolonged ED length of stay is known to
negatively affect patient experience.

Both critical lab result notifications and adverse drug interaction alerts have received significant attention for their
potential impacts on physician behavior and patient safety [16-18]. The opportunity to use real-time data from
EHRs to improve the quality and efficiency of care may be broader [19] . A variety of frontline providers—from
physicians and nurses to care coordinators and operations associates—make daily decisions that depend upon real-
time data. That patient data can take many forms, including laboratory results, location, drug administration,
demographics, and imaging studies. The typical “pull” mode of reviewing the system of record for updates can
create delays in decision making, or worse, risk overlooking important changes to patient status. Data overload and
poor EHR usability impede quick action.

Our study has limitations. A pre-post design is not ideal to assess causal relationships, and it is likely that unmeasured
or unmeasurable factors external to this study may have contributed to the change observed in the outcome measures.
Of note, the implementation of the notification system for flu negative patients was part of an operational decision on
improving the flow of such patients, and it is likely that this operational push itself may have contributed to the
outcome. Also, ED volume is affected by other seasonal factors, and a pre-post design cannot account for such factors.
Nevertheless, the fact that our secondary outcome (time to discontinue isolation order), which is not impacted by
temporal trends in hospital capacity, also declined in the same period suggests that these results are not exclusively
due to seasonal trends. We also did not specifically study the potential for alert fatigue, which is a concern with all
electronic notifications. However, we believe the potential for alert fatigue was minimal, because the notifications
were purposefully designed in collaboration with the designated operations associates in charge of bed assignment,
and because of the small number of cases that would qualify for these notifications (less than 5 a day, on average).
Lastly, our analysis is limited to influenza testing only, and this may limit its generalizability. However, there are
other use cases for infection control (such as resistant bacteria) that may present much larger opportunities, without
seasonality. All in all, our findings support our original hypothesis that such a customizable notification system can
play a significant role in facilitating hospital operations.
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Conclusion

We demonstrated that a customizable, real-time notification system can significantly impact the efficiency of patient
flow in the emergency department when tailored to the workflows of operations personnel responsible for bed
assignment.
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