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Abstract

Background: Emergency department (ED) triage is performed to prioritize care for patients with critical and time-sensitive
illness. Triage errors create opportunity for increased morbidity and mortality. Here, we sought to measure the frequency
of under- and over-triage of patients by nurses using the Emergency Severity Index (ESI) in Brazil and to identify factors
independently associated with each.

Methods: This was a single-center retrospective cohort study. The accuracy of initial ESI score assignment was determined
by comparison with a score entered at the close of each ED encounter by treating physicians with full knowledge of
actual resource utilization, disposition, and acute outcomes. Chi-square analysis was used to validate this surrogate gold
standard, via comparison of associations with disposition and clinical outcomes. Independent predictors of under- and
over-triage were identified by multivariate logistic regression.

Results: Initial ESI-determined triage score was classified as inaccurate for 16426 of 96,071 patient encounters. Under-
triage was associated with a significantly higher rate of admission and critical outcome, while over-triage was associated
with a lower rate of both. A number of factors identifiable at time of presentation including advanced age, bradycardia,
tachycardia, hypoxia, hyperthermia, and several specific chief complaints (i.e, neurologic complaints, chest pain, shortness
of breath) were identified as independent predictors of under-triage, while other chief complaints (i.e, hypertension and
allergic complaints) were independent predictors of over-triage.

Conclusions: Despite rigorous and ongoing training of ESI users, a large number of patients in this cohort were under- or
over-triaged. Advanced age, vital sign derangements, and specific chief complaints—all subject to limited guidance by the
ESI algorithm—were particularly under-appreciated.
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Background

The primary objective of triage is to rapidly identify
patients with critical and time-sensitive conditions and
to prioritize their care above those who can wait [1]. Ef-
fective triage is required when demand for medical care
outstrips capacity, as has become commonplace in the
emergency department (ED) due to overcrowding, now
recognized as a major threat to patient safety and quality
care across the globe [2-5].

In this context, the accuracy and reliability of ED
triage are paramount. Under-triage, or failure to identify
and differentiate patients with acutely severe illness (e.g.,
myocardial ischemia, sepsis) from those with less urgent
needs (e.g., indigestion, minor infections), contributes to
delays in time-sensitive interventions and to potentially
avoidable clinical deterioration, morbidity, and mortality
[6-9]. Consequential delays to thrombolytic therapy
[10], percutaneous coronary intervention [11], antibiotic
administration [12], asthma treatment [13], and anal-
gesic administration [14] have all been associated with
ED crowding and place under triaged patients at undue
risk. Over-triage, or inappropriate labeling of patients
with non-urgent presentations to high acuity designa-
tions, may have indirect, but equally harmful effects.
Triage level designation is often associated with tracking
of patients to specific ED care locations based on antici-
pated resource need [15], and triage level has been
shown to drive physician resource utilization decisions,
including hospital admission [16]. Thus, over-triage
results in diversion of limited time and resources from
patients most in need and inappropriate allocation to
those with less severe illness.

The most widely used ED triage tools employ a five-
level triage scale and include the Australian Triage Scale
[17], Canadian Emergency Department Triage and
Acuity Scale (CTAS) [18], Manchester Triage Scale
(MTS) [19], and the Emergency Severity Index (ESI)
[20]. ESI was developed in the USA and is being adopted
by an increasing number of EDs globally [20, 21]. Des-
pite its widespread adoption and numerous strengths
that include ease of use and linkage to anticipated ED
resource utilization [20], ESI has several limitations. It
relies heavily on provider judgment and intuition, allow-
ing for significant practice variation, with inter-rater
reliability reported to range from k=0.46 to 0.91 [22].
More than half of all visits in the USA are triaged to ESI
level 3, generating a large pool of undifferentiated
patients that creates challenges for efficient ED resource
distribution and effective patient queuing, undermining
the very purpose of triage [23, 24] Furthermore, ESI has
never been well-validated against critical outcomes indi-
cating time-sensitive needs in any setting [20].

In this study, we evaluated the performance of ESI in
the ED of a large tertiary care academic hospital in Porto
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Alegre, Brazil, and identified independent predictors of
under- and over-triage by nurses using ESI. We also
measured the impact of under- and over-triage on
hospitalization and critical outcomes.

Methods

Study design

We used a single-center retrospective cohort study
design to characterize ED triage patterns. Records for all
ED visits during the study period were retrieved from a
relational database underlying the study institution
electronic health record (EHR) by an experienced data
user and were de-identified prior to analysis by the study
team. This study was approved by the institutional
review boards of all participating institutions.

Study setting and population

All patient visits occurred at a large tertiary care aca-
demic hospital in Porto Alegre, Brazil, with Joint
Commission International accreditation, an ED census
of 78,000 visits per year and a mean annual admission
rate of 12%. All ED triage at this institution is performed
using ESI, and all study site triage nurses have under-
gone formal training in the use of ESI, passed ESI
competency exams, and receive annual refresher training
sessions. Visits for adult patients (> 18 years old) who
presented for care between January 1, 2013, and September
13, 2015, were included for analysis.

Measures

Triage level designations and gold standard comparator

As a part of routine clinical care, ESI triage levels were
assigned by a nurse with formal training in ESI for all
patients at the time of ED arrival. Nurse-assigned ESI
triage level was used to guide clinical care. For adminis-
trative purposes unrelated to this study, a second ESI
triage level was entered for all patients at the close of
ED encounter by the treating emergency physician. Both
nurse and physician triage level designations were made
according to the standardized ESI algorithm, but
physician ESI level designation was made with full
knowledge of actual ED resource utilization and acute
clinical outcomes. Physician-assigned ESI triage level
(assigned a posteriori) was used as a surrogate gold
standard for accurate triage and was validated as such by
the measurement of association with hospital admission
and composite critical outcome using chi-square analysis
(see Fig. 2). Prior to analysis, ESI triage scores were des-
ignated as high acuity (ESI level 1 or 2), moderate acuity
(ESI level 3), or low acuity (ESI level 4 or 5). Redistribu-
tion of triage scores from five to three tiers was
performed prior to analysis to more effectively capture
the clinical impact of triage decisions, as ESI triage levels
1 and 2 are considered time-sensitive and are roomed
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immediately, while ESI level 3 patients often wait hours
to receive definitive care, and ESI levels 4 and 5 are
cared for in a separate area of the ED with a fast track
designation. Thus, under-triage from ESI level 4 to ESI
level 5 (both low acuity and subject to similar clinical
care pathways) would be expected to have a much
smaller effect on patient care and outcomes than
under-triage from ESI level 3 (moderate acuity) to
ESI level 4 (low acuity), and redistribution to three
tiers (high, moderate, low) allowed us to account for
this differential effect.

Definitions of under- and over-triage

Any patient assigned to a triage tier of lower acuity on
arrival (nurse-assigned) than at close of encounter (phys-
ician-assigned) was defined as under-triaged. Any
patient assigned to a triage tier of higher acuity on
arrival than at close of ED encounter was defined as over-
triaged. Patients with the same designation on arrival and
at close of ED encounter were defined as accurate.

Clinical outcomes

Clinical outcome measures included hospital admission,
in-hospital mortality, and multiple critical patient out-
comes. Hospital admission was defined as any admission
to an inpatient care site. In-hospital mortality was de-
fined as death during the index hospital encounter, irre-
spective of whether it occurred in the ED or during
inpatient hospitalization. Composite critical outcome
was defined as meeting one or more of the following
criteria within 24 h of ED disposition: admission to an
intensive care unit (ICU), emergent procedure in an op-
erating room, cardiac catheterization, endoscopy or
bronchoscopy, transfer to an outside acute care facility,
or in-hospital mortality.

Candidate predictor variables

Patient data collected at the time of ED triage and used
as candidate predictor variables for under- and over-
triage by multivariate logistic regression analysis (see
below) included age, sex, vital signs, patient-reported
pain score, chief complaint category, and arrival time.
Vital signs, including temperature, systolic blood pres-
sure, heart rate, respiratory rate, and oxygen saturation,
were classified as normal or gradations of abnormal
according to previously established physiologic cutoffs
[25-28]. Pain scores were obtained using a visual analog
scale that ranged from 1 (least severe) to 10 (most
severe), and scores were further classified as mild (< 3),
moderate (4-7), or severe (>8). Free-text chief com-
plaints were extracted directly from the electronic health
record (EHR), and natural language processing
software (Python 2.7 with Natural Language Toolkit
3.0) was used to map complaints tol of 30 chief
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complaint  categories derived from a schema
developed by the Agency for Healthcare Research in
Quality as previously described [24, 29].

Data analysis

Dichotomous and categorical data were displayed as ab-
solute and relative frequencies (in percentages) and
continuous data as medians with interquartile ranges
(IQRs). Rates of under- and over-triage were calculated
as the percentage of visits assigned to a higher or lower
triage level on arrival than at close of encounter, respect-
ively. Missing data (i.e., sex, vital signs, pain score, chief
complaint) were recorded as null and included in
logistic regression analysis (below). Chi-square analysis:
Associations between under-triage or over-triage and
hospital admission or composite critical outcome were
assessed using Pearson’s chi-squared test with Yates’
continuity correction. Multivariate Logistic Regression
Analysis: Primary outcome measures included rates of
under-triage, over-triage, and concordance (accurate tri-
age). We investigated the extent to which specific patient
characteristics (age, sex, temperature, pulse, respiratory
rate, systolic pressure, oxygen saturation, patient-
reported pain score, chief complaint category, and arrival
time) were associated with triage score concordance.
Logistic regression models of triage misclassification
(over- or under-triage versus concordance) that simul-
taneously incorporated the several patient characteristics
were generated. All analyses were performed in R ver-
sion 2.14.1 using freely distributed statistical packages.

Results

A total of 96,071 unique adult patient visits were in-
cluded in our analysis. Patient demographics and clinical
characteristics are shown in Table 1. Nearly half of all
patient visits (49.1%) were triaged as moderate acuity
(ESI level 3) on ED arrival. Roughly one third (32.5%)
were triaged as low acuity (ESI level 4 or 5), and only
18.3% were triaged as high acuity (ESI level 1 or 2)
(Fig. 1). Using a posteriori physician-assigned triage
levels as surrogate gold standard comparators, one fifth
of all patients were classified as either under- or over-
triaged. For patients triaged to high acuity ESI levels,
8.7% were classified as over-triaged. For patients triaged
to moderate acuity on arrival, 13.6% were classified as
over-triaged and 5.8% were classified as under-triaged.
18.4% of patients assigned to low acuity ESI levels were
classified as under-triaged (Fig. 1).

Under-triage and risk for admission or critical outcome

As demonstrated in Fig. 2a, patients who were triaged as
moderate acuity by ESI (level 3) on arrival but subse-
quently determined to be more appropriate for high acu-
ity triage level 1 or 2 (i.e, under-triaged) had a
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Table 1 Patient demographics and clinical characteristics

Age (IQR)
Sex (%)
Female
Male
Vitals (IQR)
Temperature (Fahrenheit)
Pulse (bpm)
Respiratory rate (rpm)
Systolic blood pressure (mmHg)
Oxygen saturation (%)
Triage level (%)
ESI
ESI'2
ESI'3
ESI 4
ESI'5
Arrival time (%)
8 AM-12:59 PM
1 PM-4:59 PM
5 PM-8:59 PM
9 PM-12:59 AM
1 AM-7:59 AM
VAS pain score (%)
Mild (0-3)
Moderate [4-7]
Severe [8-10]
Hospital admission (%)
Critical outcomes (%)
ICU admission
Death
Surgery
Cardiac catheterization
Hospital transfer

In-hospital mortality

39 (29.7-59.2)

59,091 (61.51)
36,632 (38.13)

97.3 (96.6-98.2)
85 (75.0-98.0)

20 (18.0-20.0)
128 (117.0-141.0)
98 (97.0-99.0)

272 (0.28)
17,334 (18.04)
47,207 (49.14)
29,921 (31.14)
1337 (1.39)

30,565 (31.82)
23,085 (24.03)
19,620 (20.42)
12,941 (1347)
9860 (10.26)

39,376 (40.99)
32,517 (33.85)
22,836 (23.77)
14,508 (15.10)

183 (0.19)
1019 (1.06)
1991 (2.07)
219 (0.23)
48 (0.05)
1290 (1.34)
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Fig. 1 Distribution of ED visits by initial ESI designation and
classifications as accurate, over-triage, or under-triage. High acuity =
ESI level 1 or 2; moderate acuity = ESI level 3; low acuity = ESI level
4 or 5. ED emergency department; ESI Emergency Severity Index

bpm beats per minute, ICU intensive care unit, IQR interquartile range, rpom
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significantly increased prevalence of admission and
critical outcomes as compared to those appropriately
triaged to moderate acuity (y*=502.06, df =1, p value
<0001 and x*=184.91, df=1, p value <0.001,
respectively). Similarly, patients who were under-
triaged to low-acuity ESI levels (4 or 5) on arrival
had a significantly increased prevalence of admission
and critical outcomes as compared to patients appro-
priately triaged to the same ESI levels (y*=1033.60,
df=1, p value <0.001 and x*=343.05, df=1, p value
<0.001, respectively).
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Fig. 2 Associations between triage accuracy and clinical outcomes.

a Under-triage to moderate- and low-acuity ESI triage levels is associated
with a significantly increased prevalence of hospital admission and critical
outcomes. b Over-triage to moderate- and high-acuity ESI triage levels is
associated with a significantly decreased prevalence of hospital admission
and critical outcomes
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Over-triage and risk for admission or critical outcome
The opposite trend was observed for patients who were
over-triaged (Fig. 2b). Those triaged as moderate acuity
by ESI on arrival but subsequently determined to be
more appropriate for low-acuity triage level 4 or 5 (i.e.,
over-triaged) had a significantly lower prevalence of ad-
mission and critical outcomes as compared to those
appropriately triaged to moderate acuity (y* = 1184.90 df
=1, p value < 0.001 and y* = 213.04, df = 1, p value < 0.001,
respectively). Similarly, patients who were over-triaged to
high-acuity ESI levels (1 or 2) on arrival had a significantly
lower prevalence of admission and critical outcomes as
compared to patients appropriately triaged to the same
ESI levels (y*=58849, df=1, p value <0.001 and y*=
126.57, df = 1, p value < 0.001, respectively).

Factors associated with over-triage and under-triage

Age

Advancing age was associated with under-triage by ESI
(Table 2). Odds of under-triage increased in parallel with
age and were greatest for patients aged >70 years (OR
1.50, 95% CI 1.30-1.74 for under-triage to moderate
acuity designations and OR 2.2, 95% CI 1.24-3.75 for
under-triage to low acuity designations). Conversely,
advanced age was associated with low likelihood of over-
triage to high or moderate ESI acuity levels (Table 3).

Vital signs

There were several associations between triage vital
signs and under-triage using ESI. Most notably, severe
bradycardia, tachycardia, and hypoxia were all strongly
associated with under-triage of high-acuity patients to
moderate-acuity ESI triage levels (OR 2.55, 95% CI
1.54-4.02; OR 2.17, 95% CI 1.61-2.88; and OR 2.18, 95%
CI 1.48-3.12, respectively). Importantly, the absence of
oxygen saturation measurements was also strongly asso-
ciated with under-triage to moderate acuity (OR 2.81,
95% CI 1.23-5.74). Mild abnormalities in vital signs were
more likely to be associated with under-triage to low-
acuity ESI levels, including mild tachycardia (OR 1.20,
95% CI 1.05-1.37) and mild hypotension (OR 1.15, 95%
CI 1.03-1.28). An exception was temperature, where pa-
tients with both borderline and frank hyperthermia were
both more likely to be under-triaged to low-acuity ESI
triage levels (OR 1.49, 95% CI 1.33-1.66 and OR 1.65,
95% CI 1.42-1.90, respectively). There were no vital sign
abnormalities associated with increased likelihood of
over-triage to any acuity level (Table 3).

Chief complaints

A number of chief complaints were associated with
under-triage (Table 3). Those most likely to result in a
triage of high-acuity patients to moderate-acuity ESI
levels included neurologic complaints (OR 1.48, 95% CI
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1.17-1.87), syncope (OR 1.41, 95% CI 1.03-1.90), and
chest pain (OR 143, 95% CI 1.17-1.73). Complaints
most likely to be under-triaged to low-acuity ESI levels
were chest pain (OR 1.88, 95% CI 1.54-2.29) and ab-
dominal pain (1.80, 95% CI 1.57-2.06), followed by
shortness of breath (OR 1.49, 95% CI 1.25-1.78) and
back pain (OR 1.47, 95% CI 1.19-1.82). On the converse,
strongest associations with over-triage of low-acuity pa-
tients to moderate-acuity triage levels were those related
to upper respiratory tract infections (OR 2.82, 95% CI
2.27-3.50); ear, nose, and throat (ENT) complaints (OR
2.67, 95% CI 1.99-3.55); skin, nails, and hair complaints
(OR 2.32, 95% CI 1.88-2.87); allergic complaints (OR
1.96, 95% CI 1.57-2.45); and hypertension (OR 1.88,
95% CI 1.29-2.66). Lower respiratory tract infections, al-
lergic complaints, and hypertension were most strongly
associated with over-triage to high-acuity ESI levels (OR
2.15, 95% CI 1.28-3.49; OR 2.14, 95% CI 1.33-3.34; and
OR 2.00, 95% CI 1.02-3.67, respectively).

Discussion

In this study, we evaluated the predictive accuracy of ED
triage by nurses applying ESI using a novel approach
that leveraged both clinical judgment of a treating phys-
ician with knowledge of actual ED resource utilization
and clinical outcome data captured from the EHR. We
found that nearly one in five patients was under- or
over-triaged by ESI on ED arrival and that this was
caused by both under-recognition of high acuity clinical
presentations and overestimation of urgency in patients
without severe illness. Importantly, we found that
under-triage was associated with increased hospital ad-
mission rates and greater likelihood for critical clinical
outcomes. These findings are consistent with prior find-
ings that failure to distinguish patients with critical and
time-sensitive conditions contributes to the delays in
disposition and time-sensitive treatments and to the in-
creases in potentially avoidable morbidity and mortality
[6-9]. Partly as a result of mistriage, approximately one
half of all patients in this population were designated
with the same triage score [3] using this five-level index.
A similar lack of patient differentiation has also been ob-
served widely in the USA and has been cited as a spe-
cific limitation of ESI [24, 30].

Perhaps most importantly, this study identified many
factors highly predictive of under- and over-triage by
ESI, several of which related to objective data routinely
collected on ED arrival. Advanced age was strongly asso-
ciated with under-triage, suggesting the impact of pa-
tient age on initial presentation and clinical course is not
well-recognized by ESI and under-appreciated by triage
clinicians. While the ESI training manual suggests con-
sideration of age when determining whether a particular
presentation is a high risk, no specific recommendations
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Table 2 Factors predictive of under-triage to moderate and low

ESI acuity levels'
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Table 2 Factors predictive of under-triage to moderate and low
ESI acuity levels' (Continued)

Moderate acuity Low acuity Moderate acuity Low acuity
(ESI 3) (ESI 4 or 5) (ESI'3) (ESI 4 or 5)
N=40,801 N=31258 N=40,801 N=31258
Odds ratio* Odds ratio® Odds ratio* Odds ratio®
(95% ) (95% Cl) (95% Cl) (95% ClI)

Age (18-29 years comparator) Severe [8-10] 1.23 (1.11-1.36)%** 111 (1.01-122)

30-49 years
50-69 years
270 years

Sex (male comparator)
Female
Null (missing)

Temperature (normal comparator)
Hypothermia (< 94.0 °F)

Mild hypothermia (94.1-96.2 °F)
Mild hyperthermia (99.3-100.4 °F)
Hyperthermic (2 100.5 °F)

Null (missing)

Heart rate (normal comparator)
Severe bradycardia (<49 bpm)
Mild bradycardia (50-59 bpm)
Mild tachycardia (105-109 bpm)

Moderate tachycardia
(110-119 bpm)

High tachycardia
(120-129 bpm)

Severe tachycardia
(=130 bpm)

Null (missing)

1.25 (1.11-1.47)%
148 (1.3-1.69)***
1.50 (1.3-1.74)%**

0.81 (0.75-0.88)***
021 (0.01-0.95)

1.15 (0.95-1.39)
1.01 (09-1.13)

0.90 (0.73-1.08)
0.98 (0.77-1.24)
141 (1.00-1.94)*

255 (1.54-4.02)***
1.22 (0.99-1.50)
1.08 (0.88-1.32)
1.13 (0.94-1.34)

1.32 (1.01-1.7)*

217 (1.61-2.88)***

Systolic blood pressure (normal comparator)

Hypotension (<99 mmHg)

Mild hypotension
(100-107 mmHg)

Mild hypertension
(177-199 mmHg)

Hypertension (2 200 mmHg)
Null (missing)
Respiratory rate (normal comparator)
Hypopnea (£ 13 rpm)
Mild hypopnea (14-15 rpm)
Mild tachypnea (20-22 rpm)

Moderate tachypnea
(23-27 rpm)

Severe tachypnea (2 28 rpm)
Null (missing)

Oxygen saturation (normal comparator)

Severe hypoxia (SpO2 < 89)
Moderate hypoxia (SpO2 90-94)
Mild hypoxia (SpO2 95-96)

Null (missing)

Pain score (VAS, moderate comparator)

Mild (0-3)

0.84 (0.70-0.99)*
1.07 (0.88-1.29)

1.26 (1.03-1.52)*

1.34 (0.78-2.16)
0.55 (0.23-1.17)

1.59 (0.65-3.29)
1.19 (1.00-141)*
0.9 (0.81-0.99)*
0.83 (0.68-1.00)

0.99 (0.56-1.62)
057 (0.06-4.02)

2.18 (1.48-3.12)***
1.12 (0.97-1.28)
1.13 (1.00-1.27)*
281 (1.23-5.74)**

0.81 (0.73-0.9)**

1.15 (1.08-1.22)**
148 (1.33-1.63)**
220 (1.24-3.75)*

1.01 (0.95-1.08)
0.02 (0.00-0.07)**

0.9 (0.73-1.1)
097 (0.88-1.07)
1.49 (1.33-1.66)**
1.65 (1.42-1.9)**
142 (1.06-1.88)

061 (0.14-1.82)
1.09 (0.85-1.37)
1.2 (1.05-1.37)*
1.1 (0.98-1.24)

1.24 (1.03-1.48)

146 (1.1-1.93)*

1.78 (0.24-12.12)

1.05 (0.89-1.23)
1.15 (1.03-1.28)*

1.01 (06-1.63)

0.78 (0.26-1.88)
1.65 (1.03-2.56)

0.78 (0.4-1.39)

1.04 (0.92-1.16)
1.07 (0.99-1.16)
123 (1.02-1.49)

1.38 (0.78-2.36)
0.14 (0.01-1.24)

148 (0.84-2.5)

1.10 (0.94-1.29)
1.05 (0.95-1.17)
2.10 (0.76-5.24)

0.83 (0.77-0.88)**

Null (missing or > 10)

Chief complaint (general comparator)

Abdominal pain

Allergic

Altered mental status

Back pain

Chest pain

Dizziness

Dysrhythmia

Edema

Ear, nose, and throat

Fever

Genitourinary

Gastrointestinal bleeding
Headache

Hypertension

Lower respiratory tract infection
Musculoskeletal (atraumatic)
Musculoskeletal (isolated trauma)
Neurologic

Nausea, vomiting, and diarrhea
Seizure

Shortness of breath

Skin, nails, and hair

Substance abuse

Syncope

Trauma

Upper respiratory tract infection
Weakness

Wound

Other

Null (missing)

Arrival time (17:00-20:59 comparator)

01:00-07:59
08:00-12:59
13:00-16:59
21:00-00:59

047 (0.17-1.04)

1.13 (0.97-1.31)
049 (0.27-0.81)*
1.55 (0.98-2.36)
1.01 (0.81-1.26)
143 (1.17-1.73)*
0.98 (0.79-1.22)
123 (0.79-1.84)
044 (0.29-0.64)***
0.88 (0.47-1.50)
061 (048-0.77)***
0.69 (0.52-0.9)**
0.68 (0.36-1.19)
0.82 (0.67-1.01)
0.60 (0.28-1.13)
036 (0.26-0.47)***
048 (0.27-0.79)**
039 (0.12-0.94)
148 (1.17-1.87)**
057 (0.44-0.73)**
0.78 (047-1.22)
1.06 (0.85-1.32)
0.30 (0.15-0.55)***
0.81 (0.24-1.99)
141 (1.03-1.90)*
0.77 (0.59-1.00)
044 (0.24-0.75)**
0.78 (0.57-1.05)
035 (0.16-0.66)**
0.58 (0.39-0.84)**

1.23 (1.06-1.44)**
148 (1.32-1.67)**
1.20 (1.06-1.36)**
091 (0.78-1.06)

042 (0.11-1.17)

1.8 (1.57-2.06)**
042 (0.30-0.57)**
1.74 (0.79-3.56)
147 (1.19-1.82)**
1.88 (1.54-2.29)**
091 (0.74-1.11)
1.22 (0.65-2.14)
0.71 (0.54-0.93)
0.27 (0.18-0.38)**
0.83 (0.72-0.95)*
0.95 (0.79-1.14)
0.73 (0.31-1.48)
0.75 (0.63-0.88)**
0.92 (0.46-1.69)
0.76 (0.66-0.88)**
031 (0.22-043)**
0.36 (0.09-1.03)
1.18 (0.82-1.67)
0.84 (0.71-0.99)
1.65 (1.08-2.48)
149 (1.25-1.78)**
0.28 (0.2-0.38)**
059 (0.14-1.76)
1.68 (0.96-2.84)
0.70 (0.52-0.92)
0.26 (0.21-0.32)**
0.96 (0.76-1.21)
045 (0.28-0.68)**
0.51 (0.38-0.67)**
0.68 (0.57-0.81)**

1.77 (1.58-1.99)**
1.75 (1.60-1.90)**
137 (1.24-1.50)%*
1.04 (0.92-1.17)

Results are odds ratios with 95% confidence intervals in parentheses

bpm beats per minute, rpm respirations per minute, VAS visual analog scale
*0dds ratio of being assigned ESI triage level 3 on arrival and subsequently
being determined more appropriate for ESI level 1 or 2

50dds ratio of being assigned ESI triage level 4 or 5 on arrival and subsequently
being determined more appropriate for ESI level 1, 2, or 3

*Significant at the 5% level

**Significant at the 1% level

***Significant at the 0.1% level
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Table 3 Factors predictive of over-triage to high and moderate
ESI acuity levels'
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Table 3 Factors predictive of over-triage to high and moderate
ESI acuity levels™ (Continued)

Null (missing)

Hypotension (£ 99 mmHg)

Mild hypotension (100-107 mmHg)
Mild hypertension (177-199 mmHg)

Hypertension (= 200 mmHg)

Null (missing)

Respiratory rate (normal comparator)
Hypopnea (£ 13 rpm)

Mild hypopnea (14-15 rpm)

Mild tachypnea (20-22 rpm)
Moderate tachypnea (23-27 rpm)
Severe tachypnea (2 28 rpm)

Null (missing)

Oxygen saturation (normal comparator)

Severe hypoxia (SpO2 < 89)
Moderate hypoxia (SpO2 90-94)
Mild hypoxia (SpO2 95-96)

Null (missing)

Pain score (VAS, moderate comparator)

Mild (0-3)
Severe [8-10]

Null (missing or > 10)

049 (0.05, 4.48)

Systolic blood pressure (normal comparator)

0.71 (0.55, 0.91)**
1.04 (0.82, 1.3)
094 (0.75,1.17)
1.02 (0.75, 1.38)
1.89 (1.04, 3.22)*

0.00 (0.00, 0.01
0.77 (0.57, 1.03
1.05 (092, 1.19
0.96 (0.78, 1.17
0.75 (047, 1.14)

2.84 (035, 14.23)

)
)
)
)

040 (0.25, 0.62)***
0.72 (0.59, 0.88)**
0.81 (067, 0.97)*
031 (0.05, 1.2)

0.80 (0.68, 0.95)*
0.79 (0.68, 0.93)**
0.23 (0.06, 0.67)*

1.23 (0.22-6.74)

0.85 (0.73-0.97)*
0.95 (0.86-1.06)
0.78 (0.65-0.92)**
0.99 (0.63-1.48)

1.11 (0.56-2.01)
1.04 (0.92-1.18)
1.04 (0.97-1.11)
0.87 (0.76-1.00)*
0.79 (0.49-1.22)
0.80 (0.11-4.28)

0.85 (0.55-1.25)
062 (0.55-0.7)***
0.86 (0.78-0.94)***
067 (0.21-1.68)

0.86 (0.78-0.94)***
0.85 (0.55-1.25)
067 (0.21-1.68)

Seizure
Shortness of breath
Skin, nails, and hair
Substance abuse
Syncope
Trauma
Upper respiratory tract infection
Weakness
Wound
Other
Null (missing)
Arrival time (17:00-20:59 comparator)
01:00-07:59
08:00-12:59
13:00-16:59
21.00-00:59

0.85 (048, 1.41)
1.33 (0.96, 1.82)
1.65 (0.77,3.21)
2.11 (0.76, 4.97)
0.69 (045, 1.03)
0.92 (0.65, 1.30)
2.11(0.70, 5.24)
171 (1.13, 2.54)%
0.64 (0.22, 1.48)
0.94 (0.59, 1.44)
1.02 (0.79, 1.31)

1.02 (083, 1.25)
1.37 (117, 1.61)*
1.21 (1.02, 1.43)*
0.99 (0.82, 1.19)

High acuity Moderate acuity High acuity Moderate acuity
(ESI 1 or 2) (ESI' 3) (ESI'1 or 2) (ESI'3)
N=17,606 N = 44,470 N=17,606 N=44,470
Odds ratio* Odds ratio® Odds ratio* Odds ratio®
(95% Cl) (95% Cl) (95% Cl) (95% Cl)
Age (18-29 years comparator) Chief complaint (general comparator)
30-49 years 0.80 (0.68, 0.93)**  0.79 (0.73,0.84)*** Abdominal pain 0.84 (0.67, 1.06) 0.77 (0.69-0.87)***
50-69 years 0.62 (0.52, 0.74)*** 065 (0.6-0.71)*** Allergic 2.14 (133,334 1.96 (1.57-245)***
270 years 0.37 (0.31, 0.46)*** 042 (0.37-0.46)*** Altered mental status 063 (0.30, 1.17) 0.36 (0.16-0.69)**
Sex (male comparator) Back pain 083 (061, 1.11) 1.08 (091-1.27)
Female 140 (1.24-1.57)%* 112 (1.06-1.19)*** Chest pain 1.04 (0.78, 1.4) 068 (0.57-0.81)***
Null (missing) - 068 (0.26-1.49) Dizziness 136 (0.97, 1.89) 1.13 (0.96-1.32)
Temperature (normal comparator) Dysrhythmia 1.31(0.72, 2.24) 1.00 (0.72-1.38)
Hypothermia (< 94.0 °F) 0.80 (0.63, 1.01) 1.05 (0.97-1.14) Edema 133(0.7,233) 137 (1.12-1.67)**
Mild hypothermia (94.1-96.2 °F) 1.00 (0.86, 1.17) 1.03 (0.89-1.19) Ear, nose, and throat 1.67 (0.88, 2.97) 2,67 (1.99-3.55)***
Mild hyperthermia (99.3-1004 °F) 099 (0.73, 1.33) 081 (0.71-0.92)** Fever 152 (1.01,225* 094 (0.81-1.10)
Hyperthermic (= 100.5 °F) 1.28 (0.89, 1.79) 066 (0.54-0.79)*** Genitourinary 123 (081, 1.81) 1.08 (0.90-1.28)
Null (missing) 0.68 (0.40, 1.09) 093 (0.71-1.19) Gastrointestinal bleeding 1.04 (0.53, 1.88) 1.06 (0.73-1.51)
Heart rate (normal comparator) Headache 1.21 (092, 1.58) 1.38 (1.21-1.58)***
Severe bradycardia (€49 bpm) 046 (0.19,091)*  0.75 (0.39-1.31) Hypertension 200 (1.02,3.67)* 188 (1.29-2.66)***
Mild bradycardia (50-59 bpm) 1.11 (0.83, 1.46) 0.99 (0.83-1.17) Lower respiratory tract infection 2.15(1.28,349** 143 (1.23-1.66)***
Mild tachycardia (105-109 bpm) 083 (061, 1.11) 0.89 (0.78-1.03) Musculoskeletal (atraumatic) 1.62 (083, 2.92) 221 (1.76-2.77)%**
Moderate tachycardia (110-119 bpm) 0.84 (0.66, 1.05) 0.97 (0.86-1.09) Musculoskeletal (isolated trauma) 1.02 (0.24, 2.91) 0.70 (0.36-1.24)
High tachycardia (120-129 bpm) 083 (061, 1.11) 0.94 (0.78-1.13) Neurologic 1.13 (0.84, 1.52) 0.79 (0.64-0.96)*
Severe tachycardia (= 130 bpm) 035 (0.23, 0.51)***  0.88 (0.67-1.14) Nausea, vomiting, and diarrhea 1.37 (0.99, 1.88) 1.33 (1.15-1.54)***

0.77 (0.53-1.08)
0.89 (0.75-1.06)
232 (1.88-2.87)***
045 (0.14-1.11)
0.75 (0.56-0.98)*
0.89 (0.73-1.07)
282 (2.27-3.5)***
1.36 (1.12-1.65)**
1.58 (1.2-2.06)***
1.39 (1.14-1.69)**
1.00 (0.87-1.14)

0.84 (0.76-0.94)**
1.23 (1.14-1.33)**
1.07 (0.99-1.16)

0.76 (0.69-0.84)***

Results are odds ratios with 95% confidence intervals in parentheses

bpm beats per minute, rpm respirations per minute, VAS visual analog scale
*0dds ratio of being assigned ESI triage level 1 or 2 on arrival and
subsequently being determined more appropriate for ESI level 3, 4, or 5
50dds ratio of being assigned ES| triage level 3 on arrival and subsequently
being determined more appropriate for ESI level 4 or 5

*Significant at the 5% level
**Significant at the 1% level
***Significant at the 0.1% level
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or guidelines related to age are specified [20] and ESI
has previously been shown to have poor sensitivity for
identification of elderly patients requiring life-saving
interventions [31].

Similarly, there was a strong association between
multiple vital sign abnormalities (bradycardia, tachycar-
dia, hypotension, hypoxia, and hyperthermia) and under-
triage, again suggesting under-appreciation by ESL It has
been well-established that abnormalities in triage vital
signs are strong predictors of adverse outcomes includ-
ing ICU admission and in-hospital mortality [25].
Specific recommendations related to vital signs are
provided by ESI, with a suggestion to consider increasing
the acuity level assignment for patients with “danger
zone vitals,” defined as tachycardia (heart rate >
100 bpm), tachypnea (respiratory rate > 20 rpm), or hyp-
oxia (SpO2 <92%) [20]. No specific recommendations
are provided for patients with bradycardia or derange-
ments in blood pressure or temperature. Good correl-
ation between abnormal vital signs and ESI acuity level
assignment was previously reported, but authors of this
study utilized an aggregate vital sign score for analysis
and the finding that abnormal vital signs are, in general,
more likely to fall into higher acuity triage levels should
not be surprising [32]. On the converse, our study
demonstrates that subtle vital sign abnormalities are
systematically under-appreciated by ESI that vital sign
derangements for which there are no recommendations
provided by ESI are under-recognized and associated
with mistriage.

Last, we found strong associations between several
chief complaint categories and mistriage. Many of these
are understood intuitively. For example, strongest associ-
ations with over-triage were seen for allergic reactions,
ENT complaints, and respiratory infections (Table 3).
Worst-case scenarios for patients in each of these cat-
egories involve compromise of airway and breathing.
However, the actual severity of illness may not be readily
apparent to the triage provider who is without access to
a full exam and diagnostics. Under a system that relies
heavily on nursing judgment, it is easy to understand
how such patients might be triaged to acuity levels
higher than ultimately needed. Other associations, how-
ever, are more surprising. Chest pain and shortness of
breath, for example, are complaints strongly associated
with high morbidity conditions including acute coronary
syndrome and pulmonary embolism [33, 34], yet both
were associated with wunder-triage in this study. While
some standardized triage scales including CTAS [18] and
MTS [19] utilize standardized lists of presenting com-
plaints or symptoms in triage score assignment [18, 19],
they are not addressed directly in the ESI algorithm.
Instead, nurses are instructed to consider the presenting
complaint in the entire context of the patient when
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assigning a triage score [20], generating a potential for
high variability among users.

While our findings suggest several potential weak-
nesses of ESI, the scale remains an extremely popular
triage tool with many strengths. The simplistic algorithm
by which ESI scores are assigned allows nurses to make
rapid triage decisions by answering only three questions:
(1) Is the patient dying? (2) Should the patient wait? and
(3) How many resources will this patient require? [20]
While the answers to these questions are certainly influ-
enced by additional factors including patient appearance,
chief complaint, and vital signs, a level of autonomy is
maintained by the triage provider using ESI that allows
for increased efficiency and ease of use. The simplicity
of the ESI algorithm is also an important operational
strength, as the algorithm can be memorized easily and
there is little need for cumbersome paper or electronic
reference material in the clinical environment. Finally,
the incorporation of resource utilization prediction by
ESI is unique among ED triage tools and makes it
particularly useful in limited resource settings.

Limitations

This study is strengthened by its large sample size and
the inclusion of an a posteriori triage score assignment
with EHR-based clinical outcome validation as compara-
tor, yet several limitations of our findings should be
considered. ESI aims to assign patients to triage categor-
ies based on both severity of disease presentation and
anticipated ED resource utilization. While all physicians
who assigned a posteriori ESI scores had full knowledge
of actual ED resource utilization, the retrospective na-
ture of our work limits our ability to confirm that these
scores accurately reflect resource utilization. However,
ED resource utilization has been shown to correlate well
with disposition and clinical outcomes, and our findings
that patients deemed under-triaged were more likely to
be hospitalized or experience critical events supports the
validity of our comparator [24, 35, 36]. Additionally, all
patient encounters occurred at a single institution where
ED nurses undergo structured and ongoing training in
ESI triage. It is possible that both distribution of triage
score assignment and clinical course at other sites may
differ. Indeed, it is likely that in settings where ESI has
been adopted for clinical use without implementation of
structured training programs for ED nurses, under- and
over-triage would be more frequent than observed here
and our findings may represent an overestimate of ESI
performance in general.

Conclusions

ESI has many strengths and is among the most widely
used of all standardized triage tools, yet a large number
of patients in our cohort were under- and over-triaged
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using this scale. Despite rigorous training of triage pro-
viders, reliance on human experience and intuition
under the ESI algorithm allowed for under-appreciation
of the clinical impact of age, subtle vital sign abnormal-
ities, and multiple specific complaints. These findings
should be used to inform ESI users, ESI training
programs, and future iterations of ESI. Perhaps more
importantly, these findings provide a rationale for the
development of future triage tools that are both efficient
and objective.
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