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Abstract

Objectives: To determine if adapting a widely-used triage scale into a computerized algorithm in
an electronic health record (EHR) shortens emergency department (ED) triage time.

Design: Before-and-after quasi-experimental study.

Setting: Urban, tertiary care hospital ED.

Participants: Consecutive adult patient visits between July 2011 and June 2013.

Intervention: A step-wise algorithm, based on the Emergency Severity Index (ESI-5) was pro-
grammed into the triage module of a commercial EHR.

Main Outcome Measures: Duration of triage (triage interval) for all patients and change in percent-
age of high acuity patients (ESI 1 and 2) completing triage within 15 min, 12 months before-and-
after implementation of the algorithm. Multivariable analysis adjusted for confounders; interrupted
time series demonstrated effects over time. Secondary outcomes examined quality metrics and
patient flow.

Results: About 32546 patient visits before and 33032 after the intervention were included. Post-
intervention patients were slightly older, census was higher and admission rate slightly increased.
Median triage interval was 5.92 min (interquartile ranges, IQR 4.2-8.73) before and 2.8 min (IQR
1.88-4.23) after the intervention (P < 0.001). Adjusted mean triage interval decreased 3.4 min (95%
Cl: —3.6, —3.2). The proportion of high acuity patients completing triage within 15 min increased
from 63.9% (95% CI 62.5, 65.2%) to 75.0% (95% CI 73.8, 76.1). Monthly time series demonstrated
immediate and sustained improvement following the intervention. Return visits within 72h and
door-to-balloon time were unchanged. Total length of stay was similar.

Conclusion: The computerized triage scale improved speed of triage, allowing more high acuity
patients to be seen within recommended timeframes, without notable impact on quality.

Key words: quality improvement, quality management, patient outcomes (health status, quality of life, mortality), measurement of
quality, computerized expert-systems, general methodology, design for safety, patient safety, emergency care, setting of care
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Introduction

Emergency department (ED) visits are steadily rising worldwide, and
as a result, wait times to see a physician are increasing. Data from
the USA indicates that these delays disproportionately affect higher
acuity patients [1].

Triage prioritizes patients when resources are limited, allowing
ED staff to quickly identify those patients who should be seen ahead
of other patients who may have arrived before them. However, a
prior study at our institution demonstrated that less than half of
high acuity ambulatory patients completed triage within the recom-
mended time frame and this performance was worse during peak
arrival times [2]. We hypothesized that triage takes too long because
nurses are expected to first collect data, and then, after collecting
this data, determine an acuity [3]. We believed that the electronic
medical record afforded the opportunity to lead the triage nurse
through the triage algorithm, focusing nurses on only that informa-
tion necessary for an acuity assignment and allowing them to end
the encounter as soon as a triage level was assigned.

Objectives

We sought to determine the impact of a computerized, step-by-step
triage algorithm focused solely on information pertinent to assigning
an acuity level (and priority for being seen) on throughput time at
triage. We hypothesized that by shortening the triage time for all
patients with this algorithm, more high acuity patients could complete
triage in the recommended time from arrival. We also investigated
whether this focused triage would have negative consequences.

Methods
Study Design and Setting

This was a retrospective before-and-after quasi-experimental study
of adult patients presenting to an ED at an urban, academic tertiary
care hospital in the USA between June 2011 and May 2013. The
annual ED census is ~40000 patients; 15% are pediatric. The
Emergency Severity Index (ESI-5), the most commonly used triage
scale in the US EDs, has been in use since September 2007 and only
triage-trained nurses perform triage [4]. Using the ESI-5, nurses
assign an acuity level from 1 to 5, with level 1 the most urgent. This
study was approved by the institutional review board at the
University of California, San Francisco.

Participants

All adult patients presenting to the ED between 1 June 2011 and 31
May 2013 were included. Visits for patients under 18 years old
were excluded due to the development of a pediatric ED during this
time. Patients without a designated acuity, or missing triage start or
end times were also excluded.

Intervention

Between 2006 and 2012, the ED used a stand-alone, locally devel-
oped EHR, with a typical triage data collection form requiring docu-
mentation of chief complaint, vital signs, medical problems,
medications and allergies. There were also fields (not mandatory)
for last tetanus, last menstrual period and name of the primary doc-
tor. After completing the form, nurses would then assign a triage
acuity to the patient the ESI-5 guidelines were posted on the wall
and had been taught in triage classes. In June 2012, the hospital
adopted a commercial EHR (Epic™), which provided an

opportunity to change the triage method. Prior to launching the
commercial EHR, we re-configured its triage module into a step-
wise algorithm for assigning the appropriate ESI triage level (Fig. 1).
The algorithm walks the nurse through the ESI criteria, from highest
to lowest acuity. When criterion for a particular level is met, the
acuity assignment is made and triage ends. Allergies are then soli-
cited but other past medical history and medications are recorded
later at the bedside. Advanced triage protocols and providers at tri-
age were not used during the study period.

Data Sources

Prior to the intervention, demographics, registration time and inter-
vals of care were abstracted from the ED’s locally developed EHR
documentation system (based on Filemaker Pro™), and a registra-
tion system from General Electric (GE) Centricity™. The post-
implementation data source was the hospital-wide EHR system
(Epic™). Quality data in both phases were obtained from databases
kept by the medical center quality improvement department.

Measurements
For each patient, we collected age, sex, race, ethnicity, arrival meth-
od, time and date entering ED, arrival time, triage start time, triage
completion time, time of acuity assignment, time and date leaving
ED, triage acuity level, triage nurse, ED disposition and census at
time of arrival. Triage completion time was the time the nurse
marked the note complete (Fig. 2). In cases where the triage com-
plete button was never pressed, but an acuity selected, the time of
acuity assignment was used as the triage end time. The triage inter-
val was defined as the time between triage start time and triage com-
plete. Arrival to triage complete was defined as the time between
arrival and the triage complete timestamp or in those cases where
triage complete was never checked, time of acuity assignment.
Database entries were checked for accuracy (Stephen Villa) by
reviewing charts of patients who had missing timestamps, unusually
long intervals and negative time intervals. Because triage may occur
before registration is completed, patients whose triage times were within
1h of arrival (before or after) were retained; longer intervals were
considered erroneous and those patients excluded from the analysis.

Outcomes
The primary outcomes were the difference in triage interval and per-
centage of high acuity patients (levels 1 and 2) completing triage
within 15 min of arrival before-and-after the intervention. While the
ESI does not recommend specific timeframes for triage, the US
National Hospital Ambulatory Medical Care Survey (NHAMCS)
recommends the following for time from arrival to provider: ‘immedi-
ate’, ‘emergent’ (<15min), ‘urgent’ (15 min-1h), ‘semi-urgent’
(1-2 h) and ‘non-urgent’ (2-24 h). Based on description of acuities in
ESI, we defined ‘immediate’ as Level 1 and ‘emergent’ as ESI 2 [1].

Secondary outcomes explored potential negative impacts on
quality of care. We compared the monthly percentage of 72-h
returns with the ED, defined as the total number of visits by the
same person within 72 h of their index visit, divided by the number
of all ED encounters that month. We also compared median time to
electrocardiogram (ECG) acquisition and the door-to-balloon time
for ST-elevation myocardial infarction (STEMI) patients before and
after the intervention.

To determine if the use of a new EHR itself could have explained
any improvement in triage flow, we measured total length of stay
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Figure 1 Triage Algorithm in HER. © 2015 Epic Systems Corporation. Used with permission.
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Figure 2 Flow diagram of Included patients.

(LOS) in the two periods. ED-LOS was defined as the difference
between ‘Arrival’ time and ‘ED Departure’ time. LOS was deter-
mined for all patients and for those who were discharged directly
from the ED, as LOS for admissions is subject to bed availability in
the hospital.

Statistical Methods

For triage interval, we compared median and interquartile ranges
(IQR) for patients in the two time periods using the Mann—Whitney
U method. These comparisons were also stratified by high vs low
acuity (1-2 vs 3-5), mode of arrival and whether patients arrived
when one or two nurses were scheduled at triage.

A generalized estimating equation (GEE) was used to assess the
relationship between the triage interval, a normally distributed out-
come and the intervention, while accounting for multiple encounters
among patients and patients who were seen by the same nurse. A
time-series GEE model examined the relationship of the new algo-
rithm with triage interval immediately after implementation. The
GEE models controlled for potential confounders: age linearly, sex,
race, ethnicity, arrival method, number of nurses present at triage
and nursing triage experience. Nurses were considered more experi-
enced if they had more than 50 triage encounters during the entire
study period. Comparisons were made for the periods before and
after the intervention, and an interrupted time series using monthly
data was plotted.

We created a histogram of arrival to triage times, using 5 min
intervals, showing the number of high acuity patients completing tri-
age within 15 min of arrival in each time period.

For secondary outcomes, a chi-square test was used to compare
differences in 72-h returns. Time to ECG acquisition for STEMI
patients was treated as a continuous variable and compared using
Mann-Whitney U test. Median ED-LOS was compared using the
Mann-Whitney U method.

Sample size was determined by the number of visits. We chose a
full year in each period to account for seasonal variation and the
learning curve for implementation of the new EHR. Due to the large
sample size, many comparisons are statistically, but not clinically
significant. Statistical analyses used SAS version 9.3 (SAS Institute,
Cary, NC). All statistical tests provided two-sided P-values (P);
values <0.05 were considered statistically significant.

Sensitivity Analysis
We set a priori limits on what were reasonable triage timestamps; for
instances where it was clear that the time was impossible (e.g. if arrival,
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Table 1 System and subject characteristics

Pre-intervention Post-intervention

Study population 32546 33032
Age (mean + SD)? 49.3 (+20.06) 50.45 (+20)
Female (%) 53.4 52.7
Race

White (%) 48.8 48.8

Black (%) 16.1 15.4

Asian (%) 17.8 18.7

Other (%) 15.0 15.2

Unknown (%) 2.3 1.9
Ethnicity

Hispanic (%) 10.1 10.7

Non-Hispanic (%) 86.4 86.5

Unknown (%) 3.5 2.7
Arrival method

Ambulatory (%) 75.7 75.2

Ambulance (%) 20.6 23.9

Unknown (%) 3.7 0.9
ED-LOS®

All patients

Median (IQR), min* 309 (195-451) 317 (198-469)

95% Percentile, min 756 796

ok

Discharged patients only*

Median (IQR), min* 265 (172-381) 259 (168-379)
95% Percentile, min 596 588
Percentage admitted to hospital (%) 25.6 27.5
ESI acuity distribution
High acuity* (ESI 1-2), % 14.4 16.7
Low acuity* (ESI 3-5), % 85.6 83.3

*Excluded patients without recorded age. Pre-intervention: 72 encounter
post-intervention: 15 encounters.

PExcluded patients without either arrival or disposition time. Pre-interven-
tion: 1138 encounter post-intervention: 0 encounters.

*P-value <0.001 when comparing two groups; **pre-intervention: 21 374

encounters post-intervention: 22 645 encounters.

triage start, or triage end was after the ED departure time or if the
patient had triage start >1h before they arrived) we set that time to
unknown. We then analyzed the triage intervals using different assump-
tions: (1) questionable triage intervals set to zero, (2) questionable triage
intervals set to unknown (therefore excluded) or (3) questionable inter-
val set to a clinically appropriate number: e.g. where patient was imme-
diately roomed (before triage was complete), setting the triage interval
to the time between triage start and room time. As results were minim-
ally changed by the different assumptions (maximum discrepancy of
0.25 min for triage interval in either study group), we chose to report
results with the assumption that led to the most conservative (null)
impact of the intervention (analyses available on request).

Results

There were 33 038 adult encounters prior to, and 33 375 after the
invention. About 492 subjects from the pre-intervention phase were
excluded: 15 had no acuity assigned, 421 had no triage start time-
stamp and 56 had no triage end (or acuity) timestamp or an inaccur-
ate timestamp (Fig. 2). In the post-intervention phase, 343 patients
were excluded: 282 did not have acuity assigned, 48 had no triage
start and 13 had no acuity or triage end timestamp. This left 32 546
encounters before the intervention and 33 032 encounters after the
intervention for analysis.

Sex, race, ethnicity and mode of arrival were similar between the
study periods, although there were more encounters with ‘unknown’
mode of arrival before the intervention (Table 1). The post-
intervention population was slightly older. Total ED census and the
percentage of patients admitted was similar in the two periods.

Primary outcomes

Median triage interval for all patients was 5.9 min (IQR 4.2-8.73)
before and 2.8 min (IQR 1.88-4.23) after the intervention (Table 2).
Adjusting for confounders, the mean triage interval was 5.9 min
(95% CI 4.1, 7.8) before and 2.5 min (95% CI 0.7, 4.4) after the
intervention; adjusted mean difference —3.4min (95% CI -3.6,
—3.2). Higher acuity patients benefited more than the population as
a whole with a decrease of —4.3min (95% CI —4.9, —3.7). The
improvement in triage interval was greater for periods when only
one nurse was present at triage and for patients arriving by
ambulance.

The time series demonstrates the intervention caused an immedi-
ate, large and significant decrease in the triage interval of 1.3 min
(95% CI 0.9-1.7) (Fig. 3). The triage interval declined a further
0.6 min between the first and last 6 months of the post-
implementation period.

The percentage of high acuity patients completing triage within
the recommended time frame increased from 63.9% (95% CI 62.5,
65.2) to 75% (95% C1 73.8, 76.1) (Fig. 4).

Secondary outcomes

Impact on Quality

Unscheduled returns within 72 h made up 5.4% (95% CI 5.1, 5.6)
of all visits before the intervention and 4.9% (95% CI 4.7, 5.2) after
the intervention. Over the 2-year study period, 53 patients had an
angiographically proven STEMI, 27 before the intervention and 26
after. Median time to ECG for STEMI patients was 2 min before the
intervention and 4.5 min after the intervention (P = 0.06). All
STEMI patients after the intervention had door-to-balloon times
<90 min.

Compared with the pre-intervention period, post-intervention
ED-LOS for all patients was slightly longer, but post-intervention
LOS was slightly shorter for patients discharged from the ED
(Table 1).

Limitations

The study was conducted in a single institution. As a before-and-
after study design, results could be confounded by other changes
that occurred in the ED simultaneously. We controlled for confoun-
ders we could measure and found very little difference between
adjusted and unadjusted rates.

The most obvious difference between the two periods is the use
of a new EHR, which in itself could have contributed to any
improvements (or poorer performance) seen. Because the introduc-
tion of a new EHR requires major adjustments in workflow and
new training, however, it was the ideal time to introduce this change
in triage. We did not anticipate that a shorter triage interval would
have much impact on the entire ED-LOS but analyzed this outcome
to see if the new EHR had led to clinically important improvements
in flow. Prior studies have generally found a new EHR lengthens
time in the ED [5, 6]. In our case, we found LOS was affected by
<10 min. The ED was familiar with electronic charting and tracking,
thus a new hospital-wide EHR was unlikely to have a large effect at
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Table 2 Triage Interval: unadjusted

Pre-intervention Post-intervention P-value

All patients (7 = 32546) All patients (n = 3 3033)
Median (IQR), min 5.9 (4.2-8.7) 2.8 (1.9-4.2) <0.001
95th percentile, min 20.6 8.4

High acuity (n = 4700) High acuity (n = 5522)
Median (IQR), min 6.8 (4.78-10.16) 2.9 (1.9-4.6) <0.001
95th percentile, min 22.0 10.3

Low acuity (7 = 27 846) Low acuity (# =27 511)
Median (IQR), min 5.8 (4.1-8.5) 2.7 (1.9-4.1) <0.001
95th percentile, min 20.2 8.2

Ambulatory (7 = 2 4630) Ambulatory (7 = 2 4842)
Median (IQR), min 6.0 (4.2-8.9) 3 (2.0-4.5) <0.001
95th percentile, min 20.7 8.8

Ambulance (n = 6712) Ambulance (n = 7890)
Median (IQR), min 5.9 (4.3-8.5) 2.3 (1.6-3.3) <0.001
95th percentile, min 20.8 6.8

Unknown (7 = 1204) Unknown (7 = 300)
Median (IQR), min 5.0 (3.5-7.4) 2.5(1.6-3.9) <0.001
95th percentile, min 17.4 7.0

Two nurses present” (7 =22 471) Two nurses present (z = 22 500)
Median (IQR), min 6.0 (4.2-8.9) 2.9 (1.9-4.4) <0.001
95th percentile, min 21.0 9.0

One nurse present (7 = 10 075) One nurse present (z = 10 532)
Median (IQR), min 5.8 (4.2-8.5) 2.6 (1.8-3.9) <0.001
95th percentile, min 20.0 7.4

*Defined as the time when two nurses were present at triage 11AM-11PM.
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Figure 3 Adjusted monthly time series. Error bars are 95% confidence intervals.

triage. This is further illustrated by

our time series, which did not

demonstrate the learning curve typically seen in implementations of

an EHR or other new procedures [7,

8].

We were also limited in the type of data we could collect to
assess changes in quality of care. Events that are tracked for quality

reporting purposes, such as ST-elevation MI’s, are infrequent. We
had planned to compare adverse medication reactions, but these

were rarely reported in either phase.

Some data were missing and other data seemed erroneous. The
types of missing data differed between systems due to differences in
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Arrival to Triage End for High Acuity Patients

Pre
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Figure 4 Percentage of patients completing triage within 15 min.

their capabilities. The local EHR required the triage nurse to click a
button to start triage (so many of these timestamps were missing)
but the triage nurse could complete triage documentation after the
patient was moved to a room (hence more acuities recorded). For
the new EHR, nurses in the rooms were expected to add the acuity
and end triage. Relative to our sample sizes, the amount of missing
data was quite small and conducted sensitivity analyses with varying
assumptions, reporting results that most bias the study toward the
null.

Finally, we cannot rule out a Hawthorne effect as a result of a
greater emphasis on quick triage. However, given that the improve-
ment was sustained for a long period of time, we believe the tool
itself was the major contributor to the outcome.

Discussion

A computerized version of the ESI algorithm decreased the time for
triage an average of 3.4 min and created an 11% absolute improve-
ment in the percentage of high acuity patients triaged within 15 min
at our ED. Based on the number of high acuity patients in the pre-
intervention period, an additional 520 patients would have been
triaged within the recommended time frame had the intervention
been in place. Because our intervention was embedded in an
enterprise-wide EHR, the observed differences were enduring and
should be maintained moving forward.

Weber et al. [2] previously demonstrated a need for improving
the speed of triage in high acuity (ESI 1-2) patients presenting to
this same institution in 2009. We found that only 63% of patients
met guidelines two years later. The prior study only looked at high
acuity ambulatory patients, but we collected data on all patients as
the intervention could potentially benefit higher acuity patients, but

negatively impact lower acuity patients. The decrease in triage time
was seen for all acuities and arrival methods.

We found no evidence of poorer quality of care as shown by the
lack of any increase in 72h returns. Median time for ECG’s for
STEMI patients went up, although door-to-balloon time remained
excellent. Nurses do many of our ECG’s at triage, but its possible
that with faster recognition, they moved patients more quickly to a
resuscitation room and the ECG was done there, adding some time,
but still within the 10 min guideline.

Traditionally, triage is done by collecting a basic set of data
from the patient, then picking a triage category based on knowledge
of the triage system in use. This is inefficient, in that more informa-
tion may be gathered than is necessary to make an acuity decision.
By focusing the EHR’s triage module solely on the priority for treat-
ment, data collected, and thus time to treatment, can be reduced.
We believe the triage interval decreased primarily because the inter-
vention focused nurses only on the questions asked by the ESI, and
allowed them to stop triage when the appropriate acuity was
reached.

Additionally, the use of an algorithm can prevent the use of tri-
age to capture items for administrative or health maintenance pur-
poses. Castner conducted a survey of triage nurses and found that
they estimated triage took on average 9 min to complete [9]. In add-
ition to recording vital signs, allergies, pain score, medical history,
most nurses were expected to record last menstrual period, surgical
history, medication history, immunization status and maltreatment
screen, none of which are needed for the ESL. Given that there are
many periods of waiting once a patient is in the ED, it is not neces-
sary to collect this information at triage.

In addition to improving throughput, the use of computer sys-
tems can improve inter-rater reliability when compared with mem-
ory based triage methods [10]. This is particularly important for
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developing countries that are developing emergency medicine pro-
grams and facing a lack of skilled health care professionals and lim-
ited training opportunities. An algorithm-based triage system would
be easier to adopt with greater consistency in performance [11].

In the USA, the percentage of patients seen by a provider within
the recommended time has decreased each year from 1997 to 2006,
and by 2006, less than half of emergent patients were seen within
the recommended time [1]. Our triage system resulted in 75% of the
highest acuity patients being seen in the appropriate time frame.
However, 25% of high acuity patients were not triaged soon
enough. It is possible, that with increasing age and complexity of
patients, EDs will need to consider a form of triage that will quickly
identify the highest acuity patients, while all others are seen in order
of arrival, as has been done in the UK [12].

Collecting less information at triage may risk missing important
information if it is not collected later. However, delaying evaluation
of high acuity patients due to lengthy triage of other patients is also
risky. The correct balance will need to be assessed further with
multi-center studies that can provide more information on safety.
The EHR at our site is used at many hospitals nationally, allowing
for future opportunities to study the impact of this digital version of
the ESI on a larger scale.
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