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Study objective: Rapid growth in emergency department (ED) triage literature has been accompanied by diversity in study design,
methodology, and outcome assessment. We aim to synthesize existing ED triage literature by using a framework that enables
performance comparisons and benchmarking across triage systems, with respect to clinical outcomes and reliability.

Methods: PubMed, EMBASE, Scopus, and Web of Science were systematically searched for studies of adult ED triage systems
through 2016. Studies evaluating triage systems with evidence of widespread adoption (Australian Triage Scale, Canadian Triage and
Acuity Scale, Emergency Severity Index, Manchester Triage Scale, and South African Triage Scale) were cataloged and compared for
performance in identifying patients at risk for mortality, critical illness and hospitalization, and interrater reliability. This study was
performed and reported in adherence to Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines.

Results: A total of 6,160 publications were identified, with 182 meeting eligibility criteria and 50 with sufficient data for inclusion
in comparative analysis. The Canadian Triage and Acuity Scale (32 studies), Emergency Severity Index (43), and Manchester
Triage Scale (38) were the most frequently studied triage scales, and all demonstrated similar performance. Most studies (6 of 8)
reported high sensitivity (>90%) of triage scales for identifying patients with ED mortality as high acuity at triage. However,
sensitivity was low (<80%) for identification of patients who had critical illness outcomes and those who died within days of the
ED visit or during the index hospitalization. Sensitivity varied by critical illness and was lower for severe sepsis (36% to 74%),
pulmonary embolism (54%), and non-ST-segment elevation myocardial infarction (44% to 85%) compared with ST-segment
elevation myocardial infarction (56% to 92%) and general outcomes of ICU admission (58% to 100%) and lifesaving intervention
(77% to 98%). Some proportion of hospitalized patients (3% to 45%) were triaged to low acuity (level 4 to 5) in all studies.
Reliability measures (k) were variable across evaluations, with only a minority (11 of 42) reporting k above 0.8.

Conclusion: We found that a substantial proportion of ED patients who die postencounter or are critically ill are not designated as
high acuity at triage. Opportunity to improve interrater reliability and triage performance in identifying patients at risk of adverse

outcome exists. [Ann Emerg Med. 2019;74:140-152.]
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INTRODUCTION

Triage, a concept developed and refined on the
battlefield, has been central to the practice of emergency
medicine for more than half a century. As emergency
departments (EDs) face escalating patient volumes,”
persistent crowding,3 and patient populations with more
complex disease,” the need for accurate and reliable triage
has intensified. This has spurred the development and rapid
adoption of a set of standardized triage systems designed to
structure the triage decisionmaking process. Triage systems
with published evidence of widespread adoption include
the Australasian Triage Scale (ATS),” Canadian Triage and
Acuity Scale (CTAS),° Emergency Severity Index (ESD),”
Manchester Triage Scale (MTS),? and South African Triage
Scale (SATS).”

These standardized triage systems share core elements
(Table 1): their objective is to identify and prioritize
patients with critical time-sensitive care needs; all deploy a
5-level classification scheme, a general practice endorsed by
the American College of Emergency Physicians (ACEP)
and Emergency Nursing Association'’; all set targets for
timeliness to physician contact per triage level; all were
developed through provider group consensus; and they
universally rely on some level of subjective judgment by
trained triage providers to execute.

Despite their shared characteristics, there is substantial
divergence in approach. The degree of reliance on
provider judgment varies considerably by triage system.
For example, the CTAS and MTS are on the prescriptive

end of the spectrum, translating detailed clinical
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Editor’s Capsule Summary

What is already known on this topic

Numerous emergency department (ED) triage scales
exist to prioritize the immediacy with which patients

should be treated.

What question this study addressed

This study examined the reliability, as well as the
sensitivity and specificity of predicting mortality (ED,
inhospital, 1 day, and 7 days after the ED visit),
critical illness, and hospitalization for 5 ED triage
scales.

What this study adds to our knowledge

Not enough studies with similar methodology exist to
compare the scales’ validity for the outcomes
identified. None of the scales demonstrated
consistently high reliability.

How this is relevant to clinical practice

More studies are needed to compare the performance
of ED triage scales for clinically important outcomes

and within different ED patient populations.

discriminators and vital sign combinations to specific triage
levels. In comparison, the user-friendly ESI provides
higher-level guidance with some vital sign—based
recommendations, lending itself to heavier dependence on

Table 1. Triage system characteristics.

triage provider intuition. The ESI is also the only major
triage system to incorporate projected resource use into
triage decisionmaking with patient flow in mind.
Furthermore, the ATS (Australia), CTAS (Canada), ESI
(United States), and MTS (United Kingdom) were
developed for use in high-resource settings, whereas only
the SATS (South Africa) considers resource-limited
environments.” These triage system differences and
variability in published evaluations (evaluation design,
outcomes, and analytic methods) significantly limit the
collective value of a large and rapidly increasing body of
emergency medicine triage literature. Although several
reviews on the topic have been performed, to our
knowledge none have explored this variability or proposed a
framework to facilitate standardization of study design and
reporting.

Goal of This Investigation

The primary objective of this systematic review was to
characterize the most commonly studied ED triage systems
across the globe and to evaluate their performance with
respect to identifying clinical outcomes and reliability. The
goal was to develop and apply a framework to compare
scientific evaluations of ED triage to establish a foundation
to benchmark assessments of triage for both research and
quality improvement across triage systems, and to
illuminate evidence and gaps in performance of specific
triage systems generally, and among particular demographic
and clinical subpopulations treated in the ED.

Triage System

CTAS

ESI

MTS

ATS

SATS

Stated objective

Provide patients
with timely care

Prioritize patients by

immediacy of care

Rapidly assess a patient
and assign a priority

needs and based on clinical need
resource
Recommended 1: immediate 1: immediate Red: immediate
time to 2: <15 2: <15 Orange: <10
physician 3: <30 3: none Yellow: <60
contact, min 4: <60 4: none Green: <120
5: <120 5: none Blue: <240
Discriminators
Clinical Yes No Yes
Vital signs Yes Yes Yes
Pain score Yes (10-point) Yes (visual analog Yes (3-point)
scale)
Resource use No Yes No

Pediatrics

Separate version

Separate vital sign

differentiators

Considered within
algorithm

Ensure patients are
treated in order of
clinical urgency and
allocate patients to the
most appropriate
treatment area
immediate

<15

<30

<60

<120

arwdbdR

Yes
Yes
No

No

Considered within
algorithm

Prioritize patients based
on medical urgency in
contexts where there is
a mismatch between
demand and capacity

Red: immediate
Orange: <10
Yellow: <60
Green: <240
Blue: <120

Yes
Yes

Yes (4-point)

No
Separate flowchart
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MATERIALS AND METHODS

Selection of Participants

Published articles were identified by a systematic search
of PubMed, EMBASE, Scopus, and Web of Science,
including all articles through December 31, 2016, using the
search terms detailed in Appendix E1 (available online at
http://www.annemergmed.com). Abstracts for original
research were screened for study inclusion with the
following eligibility criteria: the triage system studied was
designed for use in an ED, and the triage system assessed was
intended for application in a clinically undifferentiated adult
population. Guideline and review publications were
excluded, as were publications unavailable in English or full
text. Studies of triage systems designed for outside the ED
(ie, out-of-hospital) or intended for application to a specific
clinical cohort (eg, trauma patients) or demographic group
were also excluded. However, studies that used a tool
developed for an undifferentiated adult ED population but
were evaluated in specific clinical or demographic cohorts

6,160 abstracts
screened

(eg, pediatrics) were included. Studies were screened for
inclusion by 3 authors independently (S.C., K.G., and S.L.),
with interrater reliability assessed on a test set of 100 articles,
using the Cohen K statistic. This study was performed and
reported in adherence to Preferred Reporting Items for
Systematic Reviews and Meta-analyses guidelines. "’

Data Collection and Processing and Primary Data
Analysis

Studies that met inclusion criteria underwent full-text
review. Standardized data extraction forms (Appendix E2,
available online at http://www.annemergmed.com) were
used to record the triage study evaluation design,
geographic setting, ED characteristics, study locations (eg,
multisite versus single site), and population size (patients
and triage providers). Patient outcome measures used to
assess validity and evaluate triage system performance were
also extracted, as were reliability measures to assess the
consistency of triage system application across providers

A 4

461 full-length articles
assessed for eligibility

A 4

Exclusions: (5699):

» Studies of a triage scale not designed for
use in the ED setting or application in
clinically undifferentiated population

A 4

182 articles included in
qualitative synthesis

Exclusions (279):

» 248 studies of a triage scale not designed
for use in the ED setting or application in
clinically undifferentiated population

» 22 Systematic Reviews

* 9 Published Guidelines

A 4

132 studies of a standardized triage
system (ATS, CTAS, ESI, MTS, SATS)

| 32 studies included in validity
(clinical outcomes) analyses

21 articles included in
reliability analyses

A 4

50 studies of other non-standardized
triage systems

Figure 1. Study inclusion flowchart.
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Figure 2. Triage studies over time, stratified by triage system.

and compared with a criterion standard. When multiple
criterion standard comparator groups existed, we reported
the highest reliability comparison. Studies that focused on
any of the major 5-level triage systems (ATS, CTAS, ESI,
MTS, and SATS) were subject to cataloging and analysis of
outcome and reliability measures to facilitate comparisons
of the standardized triage systems most widely used in
practice.

Triage studies were found to be highly variable in terms
of approach to measurement, data analysis, and reporting of
results. This stimulated the development of a cross-cutting
framework used to organize and compare triage system
performance, validity, and reliability. For studies assessing
triage system validity we focused on the detection of clinical
outcomes and their stratification across triage levels.
Clinical outcomes were grouped into measures of mortality
(eg, ED, inhospital, 7-day outcome), critical illness (eg,
ST-segment elevation myocardial infarction [STEMI],
pulmonary embolism), and hospitalization. The ability
to identify patients at triage with these outcomes was
determined with the principal summary measures of
sensitivity and specificity. Sensitivity and specificity were
extracted directly from primary articles when available and
calculated from raw data with standard 2x2 tables when
not. For the high-severity outcome groups (mortality and
critical illness), we computed the sensitivity and specificity
of designating the patients high acuity: treated in less than
15 minutes (level 1 or 2) (Table 1). For the hospitalization

outcome, we computed sensitivity and specificity for
designating patients at least moderate acuity (levels 1 to 3).
Reliability measures (k) extracted from studies were
grouped into clusters based on the study design
(retrospective versus prospective), rater comparison
approach (between-rater versus criterion standard), patient
encounters versus paper-based scenarios, and k method
(weighted versus unweighted). Studies were included in
each of these analyses if they focused on nurses using a
standardized triage system (ATS, CTAS, ESI, MTS, or
SATS) and reported or included sufficient data to calculate
our outcome-based validity or reliability performance
metrics. For studies in which these data were measured but
not reported in detail, we made attempts to obtain primary
data by contacting corresponding authors.

We elected not to combine data to perform meta-
analysis. Although results could have been combined for a
small subset of included studies, the majority were
divergent in terms of design, population of focus, triage
scale examined, and outcome measured. Ultimately, the
small number of studies that could be included in each
meta-analysis and the many studies that would not be
included limited the value of such analyses, and meta-
analysis was determined nonbeneficial to the overall
interpretation of systematic review results.

For all included studies that performed outcomes-based
validity assessment of triage scales, we applied the Quality
Assessment of Diagnostic Accuracy Studies—2 (QUADAS-
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Table 2. Summary characteristics of included studies.

Triage

Author and Year N Country Teaching Status Environment Systim Study Design Measure
Alquraini et al, 2015°° 1,600 Saudi Arabia Academic Urban CTAS Paper-based scenarios Reliability
Atzema et al, 2009°* 1,479 Canada Both All CTAS Retrospective observational  Validity
Atzema et al, 2010°? 1,418 Canada Both All CTAS Retrospective observational Validity
Atzema et al, 20113 6,605 Canada Both All CTAS Retrospective observational  Validity
Baumann et al, 2007 929 US Academic Urban ESI Retrospective observational  Validity
Beverridge et al, 1999°° 1,000 Canada Not reported Not reported  CTAS Paper-based scenarios Reliability
Chamberlain et al, 2015°° 995 Australia Academic Not reported  ATS Prospective observational Validity
Considine et al, 2004°" 4,614 Australia Both All ATS Paper-based scenarios Reliability
Dalwai et al, 2014°8 780 Pakistan Community Rural SATS Paper-based scenarios Reliability
Doherty et al, 2003° 84,802 Australia Both Rural ATS Retrospective observational Validity
Dong et al, 2006 569 Canada Academic Urban CTAS Prospective observational Reliability
Dong et al, 2007%° 1,068 Canada Academic Urban CTAS Paper-based scenarios Reliability
Eitel et al, 2003° 25,622 US Both Al ESI Prospective observational  Reliability
Fernandes et al, 2013** 780 Canada Academic Urban CTAS Paper-based scenarios Reliability
Gerdtz et al, 2008%° 237 Australia Community Urban ATS Paper-based scenarios Reliability
Gomez Jimenez et al, 2003** 32,261 Andorra Community Urban CTAS Retrospective observational Validity
Goransson et al, 2005%* 7,550 Sweden Both All CTAS Paper-based scenarios Reliability
Graff et al, 2014%° 45,469 Germany Academic Urban MTS Retrospective observational Both
Graff et al, 20174 20,836 Germany Academic Urban MTS Retrospective observational Validity
Gravel et al, 2012% 1,464 Canada Academic All CTAS Paper-based scenarios Validity
Gravel et al, 2013% 549,351 Canada Academic Suburban CTAS Retrospective observational Validity
Green et al, 2012%° 780 US Not reported Suburban ESI Retrospective observational  Validity
Grossmann et al, 2012%° 519 Switzerland Academic Urban ESI Retrospective observational Validity
Grossmann et al, 2011°° 2,114 Switzerland Academic Urban ESI Retrospective observational Reliability
Grouse et al, 2008°* 50 Australia Academic Suburban MTS Paper-based scenarios Reliability
Hernandez Ruiperez et al, 2015%° 410 Spain Academic Rural ESI Retrospective observational Validity
Jafari-Rouhi et al, 2013°? 1,104 Iran Academic Urban ESI Prospective observational Validity
Lee et al, 2011%* 1,903 South Korea Academic Urban CTAS Retrospective observational  Validity
Martins et al, 2009°° 316,622 Portugal Community Urban MTS Retrospective observational Validity
Ng et al, 2010%* 1,851 Taiwan Academic Urban CTAS Prospective observational Validity
Olofsson et al, 2009°° 1,027 Sweden Community Rural MTS Prospective observational Reliability
Paiva et al, 2012°° 176  Portugal Academic Urban MTS Retrospective observational  Validity
Pavlovic et al, 2008°’ 944 US Academic Urban ESI Retrospective observational Validity
Peralta Santos et al, 2014°8 23,615 Portugal Community Urban MTS Retrospective observational Validity
Pinto et al, 2010°° 218 Portugal Academic Urban MTS Retrospective observational Validity
Platts-Mills et al, 2010%° 773 US Both All ESI Retrospective observational  Validity
Roukema et al, 2006°° 1,065 Netherlands Academic Urban MTS Retrospective observational Validity
Steiner et al, 2016°* 2,407 Switzerland Both All MTS Prospective observational Validity
Storm-Versloot et al, 2009"° 594 Netherlands  Academic Urban ESI Paper-based scenarios Reliability
Travers et al, 20022 31,348 US Both All ESI Retrospective observational Reliability
Trigo et al, 2008%° 278 Portugal Community Suburban MTS Retrospective observational Validity
Twomey et al, 2011°* 50 South Africa  Community Suburban SATS Prospective observational Reliability
van der Wulp et al, 2008°° 50 Netherlands  Community Urban MTS Paper-based scenarios Both

van der Wulp et al, 2009°¢ 72,232 Netherlands  Community Urban ESI, MTS Retrospective observational Validity
van Spall et al, 2011°7 68,380 Canada Both All CTAS Retrospective observational Validity
Wuerz et al, 20008 493 US Community Urban ESI Prospective observational Both
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Table 2. Continued.

Triage
Author and Year N Country Teaching Status Environment Systim Study Design Measure
Wuerz et al, 2001°° 8,251 US Academic Urban ESI Retrospective observational Reliability
Yergens et al, 20157° 1,770 Canada Academic Urban CTAS Retrospective observational Validity
Zachariasse et al, 2016 50,062 Netherlands Academic Urban MTS Retrospective observational Validity
Zook et al, 20167% 54,505 US Community Urban ESI Retrospective observational  Validity

US, United States.

2) tool. QUADAS-2 defines quality based on 2 constructs:
risk of bias and applicability of the study to the reviewer’s
research question.'” Risk of bias may be introduced
through the domains of (1) patient selection, (2) index test
execution and interpretation, (3) reference standard
collection and interpretation, (4) and flow and timing
between the index test and reference standard. Concerns
about applicability may also exist for domains 1 to 3,
degrading the quality of a study. QUADAS-2 domain
measures were evaluated by 2 authors (J.S.H. and S.L.)
independently, with disagreements resolved collectively.
QUADAS-2 was applied to each study at the outcome
level, and QUADAS-2 results were aggregated by the
overarching outcome themes of mortality, critical illness,
and hospitalization.

RESULTS

The database search strategy yielded 6,160 unique
publications for screening, with 182 (3%) meeting
overarching eligibility criteria (Figure 1). Interrater
agreement between the 3 screening authors was good
(k=0.77; 95% confidence interval 0.74 to 0.80). Of the
182 eligible studies, a major 5-level triage system was
evaluated in 73% of them: ATS (14 studies), CTAS (32),
ESI (43), MTS (38), and SATS (12). The countries where
triage evaluation was most frequently performed included
the United States (34), Canada (23), Netherlands (13),
Portugal (12), and Australia (11). The growth in volume of
triage studies published over time is shown in Figure 2.
Opverall, 50 studies were included in the major triage system
comparative performance analysis. The major attributes of
the 5-level standardized triage systems of focus are shown
in Table 1. Outcomes-based validity was assessed by 32
studies and reliability by 21. A summary of included studies
is shown in Table 2.

Clinical outcomes used to assess the validity of the
triage system within each study context were grouped by
measures of mortality (17 evaluations), critical illness (22
evaluations), and inpatient hospitalization (20 evaluations).

The defined clinical outcome, population studied,
population size, triage system evaluated, and sensitivity and
specificity of outcome detection at triage are reported in
Table 2 and Figures 3 and 4.

Mortality outcomes included ED (8 evaluations),
inhospital (7), 1-day (1), and 7-day mortality (1)

(Figure 3). These outcomes were evaluated in ED
populations as a whole and specific demographic (elderly
and pediatric) and clinical (eg, heart failure, pulmonary
embolism, sepsis) subgroups. Both sensitivity and
specificity measures were improved for mortality occurring
in the ED compared with postemergency care. All 9 studies
found that greater than 20% of patients who died after
emergency care were not designated as high acuity (<15
minutes; level 1 or 2).

Critical illness outcomes included ED diagnosis of
STEMI (4 studies), non-STEMI (3), acute coronary
syndrome (1), severe sepsis (3), or pulmonary embolism
(1), as well as direct transfer from the ED to the ICU (7) or
requirement for an immediate lifesaving intervention in the
ED, as defined by the ESI implementation handbook.”
Sensitivity of high-acuity detection of critical illness
outcomes varied (Figure 4) and was on average lower for
severe sepsis (36% to 74%), pulmonary embolism (54%),
and non-STEMI (44% to 85%) compared with STEMI
(56% to 92%) and general outcomes of ICU admission
(58% to 100%) and lifesaving intervention (77% to 98%).

Although the majority of outcomes were assessed in
general populations, ICU admission was also assessed in
pediatric and heart failure cohorts, and requirement for
immediate lifesaving intervention was assessed only in the
elderly. Sensitivity for critical illness outcomes was poor for
multiple scales. For example, 15% to 23% of elderly
patients in need of immediate lifesaving interventions were
not triaged high acuity with the ESI, and less than half were
identified as requiring immediate care (ESI level 1) on
arrival. Although the CTAS was highly sensitive (98%) for
high-acuity detection, it also identified less than half of
these patients requiring immediate care (CTAS level 1).
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Outcoe Population Citation Study Author Triage High Acuity Level 1 or 2
Type Number and Year System Sensitivity (95% CI)  Specificity (95% CI)  Sensitivity (95% ClI)  Specificity (95% Cl)
Gomez Jimenez, et al. 2003 CTAS 23,099 0.78 (0.40, 0.97) 0.96 (0.96, 0.96) — u
General van der Wulp, et al. 2009 ESI 37,974 0.93 (0.76, 0.99) 0.88 (0.88, 0.89) — n
Martins, et al. 2008 MTS 316,622 0.98 (0.95, 0.99) 0.74 (0.74,0.74) ] u
ED Mortality van der Wulp, et al. 2009 MTS 34,258 0.97 (0.82, 1.00) 0.83 (0.83, 0.83) - o
Pediatric Gomez Jimenez, et al. 2003 CTAS 9,162 1.00 (0.03, 1.00) 099(0.98,099) —— @ u
Elderly Lee, et al. 2011 CTAS 1,903 1.00 (0.59, 1.00) 0.85(0.84, 0.87) —a n
Grossman, et al. 2012 ESI 519 1.00 (0.16, 1.00) 0.80(0.77,084) ———= -
Severe Sepsis Chamberlain, et al. 2015 ATS 995 0.75 (0.69, 0.80) 0.59 (0.55, 0.62) - i
Doherty, et al. 2003 ATS 84,911 0.34 (0.30, 0.39) 0.94 (0.94, 0.94) -+ [ ]
Gereral Graff, et al. 2014 MTS 45,469 0.69 (0.66, 0.73) 0.82 (0.81,0.82) - u
In-Hospital Peralta Santos, etal. 2014 MTS 23,615 0.57 (0.51, 0.63) 0.85 (0.85, 0.86) - n
Mortality Steiner, et al. 2016 MTS 2,407 0.39 (0.28, 0.51) 0.74 (0.72, 0.75) —— u
Elderly Lee, et al. 2011 CTAS 1,903 0.64 (0.35,0.87) 0.81(0.78, 0.85) - o
Grossman, et al. 2012 ESI 519 0.64 (0.35,0.87) 0.81(0.78, 0.85) —— -
Pulmonary Embolism  Paiva, et al. 2012 MTS 176 0.73 (0.54, 0.88) 0.50 (0.42, 0.58) —— —
1-Day Mortality Heart Failure Van Spall, et al. 2011 CTAS 68,380 0.70 (0.67,0.72) 0.57 (0.57, 0.57) L u
7-Day Mortality Heart Failure Van Spall, et al. 2011 CTAS 68,380 0.59 (0.57, 0.61) 0.57(057,058)., . . m , n

00204060810 02040608 1

Figure 3. Performance of triage systems for mortality outcomes.

A total of 20 studies captured sensitivity and specificity
data for triage-level designations for the outcome of
inpatient hospitalization (Figure 5). The majority focused
on general adult or pediatric populations, with 2 isolated
studies assessing performance in elderly patients (>65
years). The sensitivity of designating hospitalized patients at
least midacuity (levels 1 to 3) was relatively high, with only
3 of 20 studies reporting less than 70%. However, every
study did report hospital admissions occurring for low-
acuity patients (levels 4 and 5).

Opverall, risk of bias and applicability concerns for
outcomes-based validity assessments were low. Results of
QUADAS-2 assessment, aggregated by overarching
outcome themes of mortality, critical illness, and
hospitalization, are shown in Figure 6. Outcome-level
assessments for individual studies are shown in Appendix
E3, available online at http://www.annemergmed.com.
Potential bias was introduced for 15 analyses by patient

selection strategy (eg, exclusion of large numbers of patients
with missing data) and for 3 by reliance on administrative
diagnosis codes to define reference standard. Applicability
was also affected by patient selection strategy (eg, focus on
an overly differentiated cohort) for 17 studies.

A total of 21 reliability studies for the major 5-level
triage systems yielded 44 independent k measurements. A
schema for comparing triage reliability evaluations is shown
in Table 3; these k data are conceptually grouped by k
methodology (unweighted versus weighted [linear,
quadratic, or unknown]), method of comparison (between-
rater [ie, interrater] versus criterion standard), and
evaluation design (patient encounters versus paper-based
scenarios).

More than half of reliability evaluations were performed
with paper scenarios (27), and a smaller proportion with
patient encounters (16). Studies were almost evenly split
between performing between rater comparisons (23) and

Outcome Population  Citation Study Author Triage High Acuity Level 1 or 2
Type Number and Year System Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)
Atzema, et al. 2009 CTAS 1,479 0.56 (0.54, 0.59) Not estimable =
Atzema, et al. 2010 CTAS 1,418 0.57 (0.54, 0.59) Not estimable -
STEMI General Atzema, et al. 2011 CTAS 2,095 0.74 (0.72. 0.76) Not estimable s
Trigo, et a. 2008 MTS 278 0.79 (0.74, 0.84) Not estimable -
Pinto, et al. 2010 MTS 78 0.92 (0.84, 0.97) Not estimable -
Atzema, et al. 2009 CTAS 1,607 0.44 (0.41, 0.46) Not estimable :
Atzema, et al. 2010 CTAS 1,563 0.44 (0.41, 0.46) Not estimable
NSTEMI Genorl Atzema, et al. 2011 CTAS 4511 0.63 (0.62, 0.65) Not estimable -
Pinto, et al. 2010 MTS 140 0.85 (0.78, 0.90) Not estimable S
Chamberiain, et al. 2015 ATS 995 0.49 (0.46, 0.53) Not estimable - =
Severe Sepsis General Yergens, et al. 2015 CTAS 1,770 0.74 (0.71,0.78) 0.36 (0.33, 0.39) - -
Graff, et al. 2016 MTS 20,836 0.36 (0.30, 0.42) 0.83 (0.82, 0.83) - -
Pulmonary Embolism General Paiva, et al. 2012 MTS 176 0.54 (0.46, 0.62) Not estimable —_
General Graff, et al. 2014 MTS 45,469 0.82 (0.80, 0.83) 0.84 (0.84, 0.85) - -
Steiner, et al. 2016 MTS 2,407 0.58 (0.47, 0.68) 0.75(0.73, 0.76) i =
Gravel, et al. 2013 CTAS 549,351 0.79 (0.77,0.81) 0.88 (0.88, 0.88) . a
ICU Admission Pediatric Jafari-Rouhi, etal. 2013 ESI 1,105 1.00 (0.69, 1.00) 0.71(0.68, 0.74) = -
Zachariasse, etal. 2016 MTS 50,062 0.71(0.68, 0.74) 0.83 (0.82, 0.83) = =
Elderly Lee, etal. 2011 CTAS 1,903 0.80 (0.74, 0.85) 0.93 (0.91, 0.94) L 0
Heart Failure Van Spall, et al. 2011 CTAS 68,380 0.63 (0.62, 0.64) 0.59 (0.58, 0.59) = =
N . : Lee, etal. 2011 CTAS 1,903 0.98 (0.93, 1.00) 0.89 (0.88, 0.91) - -
:nmt’::i's:izr:"fesav'"g Elderly Platss-Mils, et al. 2010 ESI 773 0.77 (0.56, 0.91) 0.77 (0.74, 0.80) o= o
Grossman, et al. 2012 ESI 519 0.85 (0.55, 0.98) 0.82(0.78,0.85) o —_—] -

0

Figure 4. Performance of triage systems for critical illness.
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Population Citation Study Author Triage

High Acuity Level 1 or 2

Mid-Acuity Level 1 through 3

Type Number and Year System Sensitivity (95% ClI) _Specificity (95% CI) __ Sensitivity (95% Cl) Specificity (95% Cl) _ Sensitivity (95% Cl) _Specificity (95% Cl) _ Sensitivity (95% Cl) _ Specificity (95% CI)

Doherty, etal. 2003 ATS 84,911 0.18(0.18,0.19) 0.97(0.97,0.97) [} L] 0.58 (0.57,0.59) 0.81(0.81,0.82) [] []
Gomez Jimenez, et al. 2003 CTAS 23,099 0.18(0.17,0.19) 0.98 (0.98,0.98) L] L] 0.69(0.68,0.71) 0.80(0.79, 0.80) L] L]
Ng, etal 2010 CTAS 1,851 0.44(0.40,0.48) 0.80(0.78,0.82) - L] 0.85(0.82,088) 034(0.32,037) - [
Wouerz, et al. 2000 ESI 493 0.57 (0.49, 0.65) 0.84(0.80, 0.88) - - 0.92(0.87, 0.96) 0.54 (0.49, 0.60) - -

Geicial van der Wulp, et al. 2009 ESI 37,974 0.28(0.27,0.29) 0.93(0.93,0.93) L] [ 0.86 (0.85, 0.87) 0.67 (0.66, 0.67) L L]
Hernandez Ruiperez, etal. 2015 ESI 410 0.68 (0.55, 0.80) 0.93(0.90, 0.96) —-— - 0.97 (0.88, 1.00) 0.55(0.50,0.61) - -
Martins et al. 2009 MTS 316,622 0.59 (0.59, 0.60) 0.78(0.78,0.78) L] . 0.96 (0.96, 0.96) 0.25(0.24,0.25) L] L]
van der Wulp, et al. 2009 MTS 34,258 0.37(0.36, 0.39) 0.88(0.88, 0.89) " - 0.86 (0.86, 0.87) 0.54 (0.53, 0.54) = L]
Craff, etal 2014 MTS 45,469 0.43(0.43,0.44) 0.93(0.93,0.93) ] . 0.87(0.86,0.87) 0.45(0.44,0.45) - -
Peralta Santos, et al. 2014 MTS 23615 0.48 (0.44,0.51) 0.86 (0.86, 0.87) - ] 0.85 (0.83, 0.88) 0.52(0.51,0.53) - 2
Gomez Jimenez, et al. 2003 CTAS 9,162 0.09 (0.06, 0.13) 0.99(0.99,099) = ] 0.55(0.50,0.61) 0.86 (0.85, 0.87) - L]
Gravel, etal 2012 CTAS 1,464 0.30(0.21,0.40) 0.95(0.94,0.96) - L] 0.84(0.75,0.90) 052 (0.49,054) - -
Gravel, etal 2013 CTAS 549,351 0.45 (0.45, 0.46) 0.91(091,091) L [} 091(091,091) 0.54 (0.54,0.54) L] L

Pediatric Pavlovic, et al. 2008 ESI 944 0.42(0.34,0.50) 0.91(0.89,0.93) - L] 0.82(0.76, 0.88) 0.68 (0.65,0.71) - -
Green, etal. 2012 ESI 780 0.41(0.30,0.53) 0.94(0.92,0.96) —— - 0.95(0.88, 0.99) 0.59 (0.55, 0.63) - -
Jafari-Rouhi, et al. 2013 ESI 1,105 0.93(0.87,0.97) 0.78(0.75,0.80) - - 0.95(0.89, 0.98) 0.66 (0.63, 0.69) - -
Zook, etal 2016 ESI 54505 0.46 (0.45,0.47) 0.93(0.93,093) - L] 091(0.90,091) 066 (0.66, 0.67) L] [ ]
Roumeka, et al. 2006 MTS 1,065 0.70 (0.64,0.76) 0.70(067,0.73) - - 0.91(0.87, 0.95) 0.44 (0.40, 0.47) - o

Elderly Lee, etal 2011 CTAS 1,903 0.28(0.25,0.31) 0.96(0.94,0.97) L L 0.92(0.90, 0.94( 0.38(0.35,0.42) L] -

Baumann, et al. 2007 ESI 929 0.67 (0.62,0.72) 0.76 (0.72,0.80) " 0.98 (0.97,0.99) 0.30 (0.26, 0.34) L] -

P SR S TR |
0020406081 0020406081

0020406081 0020406081

Figure 5. Performance of triage systems for hospitalization.

rater versus criterion standard (20). Weighted k was
reported for a majority of evaluations (29), with
unweighted k reported for a minority (14). Not
surprisingly, weighted analysis produced substantially
higher estimates of reliability than unweighted analysis, a
trend most easily appreciated by comparing weighted and
unweighted k for studies that performed both
evaluations. > '° Similarly, weighted evaluations that
applied quadratic weighting (14) reported higher reliability
estimates compared with linear weighing (6). Eight
evaluations reported weighted k measurements that were
not specified as linear or quadradic. Although the high
variability in study design and analytic approach in this
group of studies precluded statistical comparison, there did
not appear to be major differences in outcome depending
on method (between-rater versus criterion standard or
patient encounters versus paper-based scenarios) across all
triage systems. Similarly, there was no appreciable
difference in aggregate k measures between different triage
systems (ATS, CTAS, ESI, MTS, or SATS) when
measurements were made with comparable methods and
analytic approach.

LIMITATIONS

There were several limitations to our systematic review.
First, only studies available through our search engines and
criteria were available to review. This excluded any data,
write-ups, or presentations not reported in a scientific
journal article and introduced potential for publication bias.
This also excluded all non-English literature, biasing the
geography of study sites to English-speaking countries.
However, all 5 of the widely adopted triage systems
were developed in English, and the majority of published ED
triage literature is in English. In addition, using QUADAS-
2, we identified risk of bias related to use of administrative
diagnostic codes as reference standard in several of the
retrospective studies from which sensitivity and specificity of
ED triage designation for critical illness outcomes (eg, non-

STEMLI, severe sepsis) were derived. Although diagnosis
code data have shown variable reliability, we do not suspect
systematic bias across these studies that would affect any
cumulative interpretation of results.

The diversity in outcome measurements and evaluation
design across the studies reviewed served as a major limitation
to comparison and to our ability to draw conclusions about
individual triage scales. This similarly limits the aggregate
knowledge created by this body of literature that our
systematic review addressed. Although our purpose was to
connect these triage studies through a common evaluative
framework, any summative results and conclusions should
be interpreted with this variability in mind.

DISCUSSION

Triage remains a central process for safe management of
patients under circumstances of excess demand common in
many EDs. Increases in patient volume in developed
countries and new evolving emergency care systems in
developing countries, particularly in population epicenters,
stress the need for more accurate and reliable triage. As a
result, the body of scientific literature evaluating ED triage
has increased (Figure 2).

The purpose of this systematic review was to introduce a
framework for comparison of triage system performance with
respect to clinical outcomes and reliability. We used this
framework to catalog studies based on types of outcomes
evaluated (mortality, critical illness, and hospitalization) and
the sensitivity and specificity of their detection. It also
highlights the core study design factors that may be used to
group analyses of rater reliability based on k methodology,
rater comparison method, and evaluation design. This
framework was proposed as a means to conceptually
highlight patterns and catalog diversity in triage literature.

Applying this framework, we found a majority of studies
reporting low sensitivity (<80%) in identifying patients
who had critical illness outcomes or died during the index
hospitalization, including those who died within days of
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Figure 6. Aggregate risk of bias and applicability concerns as determined by QUADAS-2 among outcomes-based validity
assessments. Assessments are grouped by focus on outcomes related to mortality (n =17) (A), critical illness (n=23) (B), and
hospitalization (n=20) (C). QUADAS-2 grading for individual studies assessed at the outcome level are shown in Appendix E3,
available online at http://www.annemergmed.com.
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Table 3. Summary of ED triage scale reliability evaluations by analytic approach and study design.

Measure Comparison Evaluation Triage Provider Weight
Type Type Study Author and Year System Type Type Reliability
Unweighted « Between rater Patient encounters Dong et al, 2006 CTAS Nurse 0.40
Dong et al, 2007*° CTAS Nurse 0.40
Paper scenarios Gerdtz et al, 2008*? ATS Nurse 0.41
Storm-Versloot et al, 2009"° ESI Nurse 0.46
Storm-Versloot et al, 2009° MTS Nurse 0.76
Dalwai et al, 2014°® SATS Nurse 0.55
Criterion standard Patient encounters Wuerz et al, 2000°® ESI Nurse 0.70
Hernandez et al, 2015 ESI Nurse 0.77
Paper scenarios Considine et al, 2004°" ATS Nurse 0.43
Goransson et al, 2005** CTAS Nurse 0.46
Storm-Versloot et al, 2009° ESI Nurse 0.43
Van Der Wulp et al, 2009*° MTS Nurse 0.48
Olofsson et al, 2009°° MTS Nurse 0.61
Storm-Versloot et al, 2009'° MTS Nurse 0.84
Weighted « Between rater Patient encounters Dong et al, 2006™* CTAS Nurse Linear 0.52
Dong et al, 2006 CTAS Nurse Quadratic 0.66
Dong et al, 2007*° CTAS Nurse Linear 0.52
Dong et al, 2007*° CTAS Nurse Quadratic 0.65
Eitel et al, 2003%° ESI Nurse Unknown 0.78
Graff et al, 2014%° MTS Nurse Unknown 0.95
Paper scenarios Beverridge et al, 1999°° CTAS Nurse Quadratic 0.84
Fernandes et al, 2013* CTAS Nurse Linear 0.70
Fernandes et al, 2013** CTAS Nurse Quadratic 0.79
Alquraini et al, 2015°° CTAS Nurse Quadratic 0.87
Eitel et al, 2003"° ESI Nurse Unknown 0.76
Storm-Versloot et al, 2009*° ESI Nurse Quadratic 0.73
Wuerz et al, 2001°° ESI Nurse Unknown 0.80
Grouse et al, 2008°* MTS Nurse Unknown 0.60
Storm-Versloot et al, 2009*° MTS Nurse Quadratic 0.82
Dalwai et al, 2014°® SATS Nurse Linear 0.65
Dalwai et al, 20143% SATS Nurse Quadratic 0.77
Criterion standard Patient encounters Wuerz et al, 2000%8 ESI Nurse Linear 0.80
Grossmann et al, 2011°° ESI Nurse Unknown 0.99
Travers et al, 2002°2 ESI Nurse Unknown 0.68
Wuerz et al, 2001°° ESI Nurse Unknown 0.73
Hernandez et al, 2015% ESI Nurse Quadratic 0.81
Twomey et al, 2011°%* SATS Nurse Quadratic 0.92
Hernandez et al, 2015*° ESI Nurse Quadratic 0.86
Paper scenarios Goransson et al, 2005% CTAS Nurse Unknown 0.71
Storm-Versloot et al, 2009'° ESI Nurse Quadratic 0.71
van der Wulp et al, 2008°%° MTS Nurse Quadratic 0.62
Olofsson et al, 2009°° MTS Nurse Linear 0.71
Olofsson et al, 2009°° MTS Nurse Quadratic 0.81
Storm-Versloot et al, 2009*° MTS Nurse Quadratic 0.87

their ED visit, as high acuity at triage. The link between the
timeliness of ED care and post-ED mortality (eg, inhospital
mortality) may be amorphous. However, the time-sensitive
nature of critical illness outcomes (Figure 5) is definitive
and heavily affected by triage decisionmaking. Many
studies have established a relationship between the interval
from ED arrival to treatment endpoints and health
outcomes of morbidity and mortality. Examples include
door-to-balloon time for acute coronary syndrome,'”""
time to fluid resuscitation and antibiotic administration for
sepsis,” ' time to thrombolytics for pulmonary
embolism,”” and time to ICU admission and transfer for

critically ill patients.”> Three studies that evaluated
sensitivity of triage scales for identifying elderly patients
with immediate life-threatening events reported more
alarming results.”*® Between 11% (CTAS) and 23%
(ESI) of elderly patients with these events were triaged to
moderate acuity (level 3). In a busy ED, such patients may
wait hours before evaluation by an emergency physician.
Variable performance in detecting all these high-risk
outcomes may be attributed to the variability in rater
reliability exhibited across studies. Consistently high rates
of outcome detection require commensurate rates of rater
reliability; these performance measures are intertwined.
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Although we had hypothesized that a single triage
system would emerge as superior, we found similar
performance trends across all triage scales, and weaknesses
identified were common to all systems. This highlighted
the general opportunity to improve triage performance and
reduce untoward variability at triage as a whole.
Advancements in electronic health records and decision
support have opportunity to better control variability
and enhance triage performance.”” >’ The framework
proposed in this systematic review may provide a common
measuring stick to draw meaningful connections between
previous research and future triage evaluations.
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