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ABSTRACT

Objective To assess and compare the performance

of triage systems for identifying high and low-urgency
patients in the emergency department (ED).

Design Systematic review and meta-analysis.

Data sources EMBASE, Medline OvidSP, Cochrane
central, Web of science and CINAHL databases from 1980
to 2016 with the final update in December 2018.
Eligibility criteria Studies that evaluated an emergency
medical triage system, assessed validity using any
reference standard as proxy for true patient urgency and
were written in English. Studies conducted in low(er)
income countries, based on case scenarios or involving
less than 100 patients were excluded.

Review methods Reviewers identified studies,

extracted data and assessed the quality of the evidence
independently and in duplicate. The Quality Assessment
of studies of Diagnostic Accuracy included in Systematic
Reviews -2 checklist was used to assess risk of bias. Raw
data were extracted to create 2x2 tables and calculate
sensitivity and specificity. ED patient volume and casemix
severity of illness were investigated as determinants of
triage systems’ performance.

Results Sixty-six eligible studies evaluated 33 different
triage systems. Comparisons were restricted to the three
triage systems that had at least multiple evaluations using
the same reference standard (Canadian Triage and Acuity
Scale, Emergency Severity Index and Manchester Triage
System). Overall, validity of each triage system to identify
high and low-urgency patients was moderate to good, but
performance was highly variable. In a subgroup analysis,
no clear association was found between ED patient
volume or casemix severity of iliness and triage systems’
performance.

Conclusions Established triage systems show a
reasonable validity for the triage of patients at the ED,

but performance varies considerably. Important research
questions that remain are what determinants influence
triage systems’ performance and how the performance of
existing triage systems can be improved.

INTRODUCTION

Overcrowding of emergency departments
(EDs) is a universal and ever-increasing
problem."” Therefore, most EDs have a
triage system in place to facilitate the prior-
itisation of patients. In recent years, several

Strengths and limitations of this study
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» The present study was based on a comprehensive
and systematic search and attempted to include as
many relevant studies as possible.

» This study is the first synthesis of the available
evidence on triage systems as previous reviews
have merely described the results of the individual
studies.

» The majority of triage systems were evaluated by
less than three studies. Even for the three most
commonly used triage systems, few evaluations
were available due to the variety of reference stan-
dards used.

» Due to the limited number of studies and the hetero-
geneity of study populations, it was difficult to com-
pare results across studies and we could not provide
summary estimates.

formal triage scales have been developed to
standardise the approach to triage. These
include among others the Australasian Triage
Scale, the Canadian Triage and Acuity Scale
(CTAS), the Emergency Severity Index (ESI)
and the Manchester Triage System (MTS).*”
Itis important to evaluate the performance
of triage systems for their ability to accurately
distinguish between both high and low-ur-
gency patients. The correct classification of
high-urgency patients is related to patient
safety, because misclassification of high-ur-
gency patients to a low-urgency level causes
delay in diagnosis and treatment, potentially
leading to morbidity or mortality. The correct
classification of low-urgency patients increases
efficiency of the ED flow and reduces waiting
times for the truly high-urgency ED visits.
Research regarding the performance of
triage systems mainly consists of observational
studies in heterogeneous populations using
a variety of reference standards. Previous
reviews have primarily described the results
of these individual studies without combining
and interpreting the evidence into overall
conclusions.*"" A systematic appraisal of the
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performance of commonly used triage systems can inform
clinicians and policy-makers about the safety and efficacy
of available triage systems and provide insights on which
triage system is safe and efficient to use. Moreover, it can
highlight gaps in current research and propose directions
for future studies.

The aim of this systematic review is to provide a compre-
hensive overview of current evidence on the performance
of triage systems. We assessed and compared the perfor-
mance of the most commonly used triage systems for the
prioritisation of high and low-urgency patients at the ED,
compared with any reference standard that is a proxy of
true patient urgency. Furthermore, we aimed to investi-
gate whether patient volume and casemix at the ED are
determinants of triage systems’ performance.

METHODS

Search strategy

Meta-analysis of Observational Studies in Epidemiology
guidelines were followed for the conduct of this study."
We conducted a systematic review using a broad search
strategy to identify all studies assessing the performance
of triage systems in emergency care when compared with
any reference standard that is a proxy of true patient
urgency. A search strategy was developed by a health
sciences librarian and included Medical Subject Head-
ings and text words related to triage, emergency care and
validity (online supplementary appendix 1). We searched
EMBASE, Medline OvidSP, Cochrane central, Web of
science and CINAHL databases from 1980 to 2016 with
the final update in December 2018.

Study eligibility

Studies were selected that assess the performance of
triage systems in emergency care with a defined outcome
measure as a proxy of true patient-urgency. We selected
studies based on the following PICO:

Population: We included studies evaluating triage in
the unselected group of patients attending the ED. We
excluded studies restricted to specific patient subgroups
(such as patients with specific diseases).

Interventions: We included any studies assessing
ED triage systems, defined as any tool aimed to classify
patients at the ED based on the urgency or severity of
their condition. We did not include studies evaluating
trauma triage systems or early warning scores.

Comparators: Since no golden standard for the eval-
uation of triage systems exists, we included all studies
evaluating the performance of triage systems using one
or more defined reference standard as a proxy for true
patient urgency.

Outcome: We defined outcome as the sensitivity and
specificity of the triage system for the identification of
high-urgent and low-urgent patients. A priori, we selected
mortality at the ED and Intensive Care Unit (ICU)
admission after the ED visit as reference standard for
high-urgency and discharge home after the ED visit as

the reference standard for low urgency. We additionally
considered any other reference standard with sufficient
evaluations.

Letters, abstracts, reviews, conference proceedings
and case reports were excluded as well as studies not
written in English. We excluded studies with less than
100 patients and studies based on case scenarios because
these studies have of a high risk of bias. Moreover, we
excluded studies conducted in low or lower income
economies.'”” The unique characteristics of EDs in
these countries, including the number of patients,
epidemiology of diseases and available resources, make
study results difficult to compare to middle or higher
income countries. Two reviewers (MvV and NS or JMZ
and VvdH) independently assessed eligibility for inclu-
sion. Disagreements in article selection were resolved
through discussion.

Data extraction

Two reviewers (JMZ and VvdH) independently extracted
data from each of the included studies. A single study
could consist of multiple ‘triage evaluations’, defined as
the analysis of a single triage system in a single age group.
Predefined age groups were (1) children; (2) adults or a
combination of age groups and (3) elderly. For each of
the triage evaluations, the reviewers extracted the total
number of included patients, the number of patients
in each of the urgency categories of the triage system,
the type of reference standard used and the number
of patients with a positive reference standard in each
urgency category. If studies were based on overlapping
data, we used the results from the most recent publica-
tion. For descriptive purposes, we also collected data on
study design and methods, patient demographics, and
characteristics of the settings in which the study was
performed.

Quality assessment

Two reviewers independently assessed quality of the
selected articles using the Quality Assessment of
studies of Diagnostic Accuracy included in Systematic
Reviews-2 (QUADAS-2) checklist.”” The QUADAS-2 evalu-
ates four domains: patient selection, index test, reference
standard, and flow and timing. Each domain is assessed
in terms of risk of bias, and the first three domains also in
terms of applicability. Because triage systems have some
specific features as compared with other diagnostic tests,
we adjusted the ‘reference standard domain’ to make it
applicable to our research question. We did not appraise
whether the reference standard was interpreted without
knowledge of the result of the index test, because this is
unlikely when triage is applied in routine care. We did
evaluate, however, whether data on the outcome were
collected blinded to the result of the index test. More-
over, we did not judge the applicability of the reference
standard because there is no consensus on this topic."*
Therefore, we included all studies with reference standard
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that were a proxy for patient urgency. Any disagreements
between reviewers were resolved in a consensus meeting.

Data analysis

We used descriptive analyses to provide an overview of
the available evidence on triage systems. Further analyses
were restricted to triage systems that underwent at least
three evaluations with the same reference standard. The
primary outcome of our review was sensitivity and speci-
ficity of each of the triage systems for the identification
of high and low-urgency patients. Because there is no
golden standard to determine ‘true’ patient urgency, we
a priori selected three reference standards as proxy for
patient urgency. We considered mortality at the ED and
ICU admission after the ED visits as reference standard
for high urgency, and discharge after the ED visit (ie,
patients not admitted to hospital) as reference standard
for low urgency. Although these measures are not perfect,
they approximate the desired outcome: most patients
who die at the ED or require ICU admission are of high
urgency, while most patients who are discharged after the
ED visit are not. Moreover, these measures are suitable for
the analyses of large datasets and commonly reported in
research on triage systems.'* In addition, we considered
any other reference standard with sufficient evaluations
in the same triage system.

We calculated two by two tables of triage system against
the reference standard for each individual study. Because
triage systems are ordinal scales, we dichotomised the
urgency categories into a high-urgency and low-urgency
group. High urgency was defined as triage urgency level 1
(three-level systems) or triage urgency level 1 and 2 (four-
level and five-level systems).

We calculated sensitivities and specificities, and
presented the results as forest plots. We aimed to
summarise the diagnostic accuracy data using a bivariate
random effects model, but due to the substantial hetero-
geneity between studies, this was not possible. For clinical
practice and for benchmarking purposes, we calculated
the proportion of patients with a positive reference stan-
dard per urgency category. These results are displayed in
a bar chart to enable comparison between studies and
between triage systems.

We hypothesised that ED patient volume and casemix
severity of illness were determinants of triage systems’
performance. Therefore, we decided that if a sufficient
number of studies were identified, we would investi-
gate the effect of these determinants on triage systems’
performance using subgroup analyses. We considered
annual ED census as a marker of patient volume and the
percentage of hospitalised patients as a marker of casemix
severity of illness.

Computations were carried out with SPSS Statistics
V.21.0 and figures were created using Review Manager
V.5.3 or RV.3.2.0.1"

Patient and public involvement
Patients and public were not involved in this study.

RESULTS

A total of 12684 papers were identified in the electronic
search, of which 66 were included in the final selection
(figure 1).

The majority of studies were conducted in tertiary
or university hospitals (n=46; 70%) and conducted in
Europe/Central Asia or North America (n=45; 68%).
Forty-nine (74%) were single-centre studies. A complete
overview of the selected studies is presented in online
supplementary appendix 2.

Forty-four studies (67%) had a high risk of bias in
at least one domain, and 17 studies (26%) had a high
risk of bias in two or more domains (figure 2 and
online supplementary appendix 3). The most common
causes of concern were application of multiple triage
systems for the same patient by the same nurse or by
multiple nurses without blinding, retrospective retrieval
of reference standard information without blinding
for the triage outcome, and substantial amounts of
missing data. In 11 studies (17%), there were concerns
regarding applicability.

Triage systems
A total of 33 different triage systems were evaluated. The
most commonly evaluated triage systems were the ESI
(n=22), the MTS (n=15) and the CTAS (n=13). Other
triage systems included the Taiwan Triage System (n=4),
Australasian Triage Scale (n=3), South African Triage
Scale (n=3), Netherlands Triage System (n=2) and Sote-
rion Rapid Triage System (n=2). For 25 triage systems,
only one evaluation was published. These included
nine local or informally structured triage systems.
The median sample size was 1496 in children (range:
510-550940), 1447 in adults (range: 100-316 622) and
929 in elderly (range: 773-1903). In total, 89 individual
triage evaluations were reported: 34 (38%) in children,
52 (58%) in adults, a combination of age groups or an
unspecified population and 3 (3%) in elderly.

Reference standards

A variety of reference standards were used and the
majority of studies reported multiple reference standards
(online supplementary appendix 4). Twelve studies
used mortality at the ED as a reference standard, 13
studies ICU admission and 47 studies hospital admis-
sion. Other commonly reported reference standards
were length of stay at the ED (27 studies), resource use
at the ED according to the ESI criteria (14 studies),
expert opinion (9 studies) and costs (8 studies). Because
definitions of time to mortality, resource use and expert
opinion were not consistent across studies, these results
could not be compared. Moreover, length of stay at the
ED and costs are outcome measures that are strongly
dependent on ED characteristics, and could therefore
not be used to make a comparison between studies.

The most commonly evaluated triage systems
We will further restrict our analyses to the triage systems
with at least three evaluations using the same reference
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Figure 1 Flow diagram of study selection process.

standard. This final selection includes studies evalu-
ating the ESI, CTAS and MTS. Characteristics of these
triage systems and a summary of the available evidence
are presented in table 1. The ESI, CTAS and MTS were
all evaluated in settings with a different patient volume
as indicated by annual hospital census, and a different
casemix as indicated by percentage of hospitalisation.
For each of these triage systems, the majority of studies
had a risk of bias in at least one domain.

Accuracy of triage systems to identify high-urgent patients
Mortality at the ED was reported in seven evaluations
of our final sample: five evaluations in adults and two
in children. Because of this low number of studies and
the very low reported mortality rates (on average 0.2%
in adults and <0.01% in children), it was not possible to
perform comparative analyses.

ICU admission was reported in five evaluations in
adults (two ESI, three MTS) and four in children (three
CTAS, one MTS). Overall, sensitivity for ICU admission
was moderate to good, ranging from 0.58 (95% CI 0.48
to 0.68) to 0.88 (95% CI 0.70 to 0.96) in adults and 0.71
(95% CI 0.66 to 0.77) to 0.93 (95% CI 0.89 to 0.95)
in children. A clear difference in performance between
the triage systems was not visible (figure 3).

Regardless of the triage system used, most of the
ICU admitted patients were allocated to one of the
two highest triage categories (online supplementary
appendix 5). The exact proportion of ICU admitted
patients in each triage category was highly variable,
even within studies evaluating the same triage system.
For example, the proportion of ICU admitted adults in
MTS category 1 ranged from 21% to 79%. The number

patient selection [N [
index Test NN T
Reference Standard [N DN | |

Flow and Timing |

0% 25% 50% 75%
Risk of Bias

100% 0% 25% 50% 75%  100%
Applicability Concerns

B Hioh [Junciear

[l Low

Figure 2 Risk of bias of included studies.

4 Zachariasse JM, et al. BMJ Open 2019;9:e026471. doi:10.1136/bmjopen-2018-026471

“ybuAdoo Aq parosioid 1sanb Aq 6T0Z AINC Gz uo ywod fwg uadolway/:dny wouy papeojumoq "6T0Z A8\ 82 UO T/1920-8T02-uadolwag/9eTT 0T Se paysignd isiy :uado NG


https://dx.doi.org/10.1136/bmjopen-2018-026471
https://dx.doi.org/10.1136/bmjopen-2018-026471
http://bmjopen.bmj.com/

I

Open access

Table 1

Evidence summary of the most commonly used triage systems

Canadian Triage And Acuity
Scale

Emergency Severity Index Manchester Triage System

Triage system characteristics

Description List, based on presenting
signs and symptoms
No of levels 5

Classification and waiting time Level |, Immediate
Level Il, 15min
Level Ill, 30min
Level IV, 60min
Level V, 2hours

Quantity of evidence

Total no of evaluations 13
Evaluations in children 9
Evaluations in elderly 1

Diversity of evidence (range)

No of hospitals per study 1-12
Inclusions per study 481-550940
Hospital census 10000-75 000
Hospitalisation rate 8%-47%

Risk of bias

High risk of bias in at least one 54%

domain

High risk of bias in >1 domain  15%

Flowchart, based on physical
signs and expected resource

Multiple flowcharts, based
on presentational signs and

use symptoms
5 5
Immediate Immediate

Emergent, 14 min
Urgent, 60 min
Semiurgent, 2 hours
Non-urgent, 24 hours

Very urgent, 10min
Urgent, 60min
Standard, 2 hours
Non-urgent, 4 hours

21 15

4
2 0
1-7 1-4
180-37 974 872-31 622
10000-90 000 7000-190000
10%-62% 5%-33%
81% 67%
23% 13%

of studies, however, was too small to assess whether this
variability was present in all triage systems and whether
this could be explained by study or setting related
factors.

Accuracy to identify low-urgent patients

Hospital admission or discharge after the ED visit was
reported as a reference standard in 14 evaluations in
adults and 15 in children. Overall, specificity of the triage

CTAS

Study mw FP FN TN Age group Sensitivity (95% Cl)
Gravel 2009 268 4415 21 53825  Children 0.93 [0.89, 0.95)
Gravel 2013 1646 64284 434 482987  Children 0.79[0.77,0.81]
Allon 2017 264 4697 128 78520  Children 0.67 [0.62,0.72]
ESI

Study TP FP FN TN Age group Sensitivity (95% CI)
Tanabe 2004 22 155 3 223 Adults fUnspecified 0.88[0.68, 0.97]

Yuksen 2016 18 91 3 411 Adults fUnspecified 0.83[0.59, 0.96]

systems to accurately classify patients discharged home as
low urgent ranged from 0.64 (95% CI 0.62 to 0.66) to
0.98 (95% CI 0.95 to 0.99) in adults and 0.69 (95% CI
0.66 to 0.72) to 0.96 (95% CI 0.94 to 0.98) in children
(figure 4). Again, sensitivities and specificities were
highly variable within each of the triage systems. None
of the triage systems showed a marked better specificity
compared with the others.

Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
0.92[0.92,083] b L
0.88 [0.88, 0.88] L =
0.94 [0.94, 0.95] = — -

—tttt ——t—t—
0020406081 0020406081

Specificity (95% Cl) Sensitivity (95% Cl)  Specificity (95% CI)
0.54 [0.54, 0.64] —- -
0.62 [0.78, 0.85] e i

"
0020406081 0020406081

MTS

Study ™w FP FN TN Age group Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% Cl)
Zachariasse 2016 208 11323 83 54447 Children 0.71 [0.66, 0.77] 0.83[0.82,0.83] = u
Graff 2014 1888 B741 422 36418 AdultsfUnspecified 0.82[0.80,0.83] 0.84[0.84, 0.85] L L]
Steiner 2016 54 588 39 1726 Adults f Unspecified 0.58 [0.47, 0.68] 0.75[0.73, 0.76] — u
Zachariasse 2017 836 34642 166 186925 Adults i Unspecified 0.83[0.81, 0.86] 0.64 [0.84, 0.65] , , & 0, ., =

1 1
0020406081 0020406081

Figure 3 Sensitivity and specificity of triage systems for identifying high-urgency patients as defined by ICU
admission. CTAS, Canadian Triage and Acuity Scale; ESI, Emergency Severity Index; FP, false positive; FN, false negative;
MTS, Manchester Triage System; TP, true positive; TN, true negative.
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CTAS
Study TP FP FN TN Age group Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Gouin 2005 8 19 38 472 Children 0.17 [0.08, 0.31] 0.96 [0.94, 098] -—8— L]
Gravel 2009 1937 2746 3124 50722 Children  0.38[0.37, 0.40]  0.95 [0.95, 0.95] L] L]
Gravel 2012 30 69 59 1296 Children  0.20[0.21, 0.40]  0.95 [0.94, 098] —-— L]
Gravel 2013 20876 45054 25093 458328 Children  0.45 [0.45, 0.46]  0.91[0.91, 0.91] L] L]
Chang 2013 2104 6821 6276 26327 Children  0.22 0,22, 0.24]  0.79[0.79, 0,80) L] L]
Al=Hindi 2014 65 295 45 2609 Children 0.59 [0.49, 0.68] 0.90 [0.89, 0.91] — L
Agimchanbanjong 2017 62 239 62 679 Children 0.50[0.41, 0.59] 0.74 [0.71, 0.77] —a- -
Allon 2017 2631 2330 17726 60922 Children  0.13[0.12, 0.13] 0.96[0.96, 0.96] = L]
Dong 2007 1519 1947 4189 21869 Adults f Unspecified  0.27 [0.25, 0.28]  0.92 [0.91, 0.92] L L]
Ng 2010 271 244 350 986 Adults f Unspecified  0.44[0.40,048] 080078082 , = . . . =
0020406081 002040608 1
ESI
Study TP FP FN ™ Age group Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Baumann 2005 44 66 28 372 Children  0.61[0.49, 0.72]  0.85 [0.81, 0.88] —— -
Travers 2009 276 168 50 679 Children .85 [0.80, 0.88] 080 [0.77, 0.82] - a
Green 2012 33 42 47 658 Children  0.41[0.30, 0.53]  0.94 [0.92, 0.96) —.— L]
Agimchanbanjong 2017 64 165 549 753 Children 052 [0.43, 0.61] 082 [0.79, 0.84) —- L
Wuerz 2000 91 53 68 281 Adults / Unspecified 057 [0.49, 0.65]  0.84 [0.80, 0.88] —-— -
uerz 2001 1112 674 1260 5204 Adults [ Unspecified  0.47 [0.45, 0.49]  0.89 [0.88, 0.89] L] L]
Tanabe 2004 128 48 75 151 aAdults / Unspecified  0.63 [0.56, 0.70]  0.76 [0.69, 0.82] - -
Chi 2006 712 747 376 1326 Adults j Unspecified  0.65 [0.632, 0.68]  0.64 [0.62, 0.66] L] "
Wan der Wulp 2009 2259 2146 5911 27658 Adults / Unspecified  0.28[0.27, 0.29]  0.93 [0.93, 0.93) L] L]
Storm-Yersloot 2011 66 76 = 638 Adults / Unspecified 0.41[0.33, 0.49] 0.89[0.87, 0.92] & L]
Yuksen 2016 38 68 22 392 Adults f Unspecified 062 [0.50, 0.75] 0.85 [0.82, 0.88] —— -
Fong 2018 [ S 68 221 Adults / Unspecified  0.08 [0.03, 0.17]  0.98 [0.95, 0.99] - s, -
0020406081 002040608 1
MTS
Study TP FP FN TN Age group Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roukema 2006 147 256 62 600 Children 0.70 [0.64, 0.76] 0.70[0.67, 0.73] - -
Seiger 2014 2992 7410 3903 46430 Children  0.43 [0.42, 0.45]  0.86 [0.86, 0.57) L] L]
Apimchanbanjong 2017 70 285 53 633 Children 0.57 [0.48, 0.66] 0.69[0.66, 0.72] —a L
Wan der Wulp 2009 2641 3183 4415 24019 Adults f Unspecified  ©0.37 [0.36, 0.33]  0.88 [0.88, 0.89) L] L]
Marting 2009 18265 63803 12464 222090 Adults § Unspecified 0.59[0.59, 0.60] 0.78[0.78, 0.78) L u
Storm=Yersloot 2011 73 72 76 651 Adults f Unspecified 0.44 [0.41, 0.57] 0.90 [0.88, 0.92] —- L]
Santos 2013 485 3080 535 19515 Adults f Unspecified 0.48 [0.44, 0.51] 0.86 [0.86, 0.87] L L]
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Figure 4 Sensitivity and specificity of triage systems for identifying low-urgency patients as defined by discharge home
after the ED visit. CTAS, Canadian Triage and Acuity Scale; ED, emergency department; ESI, Emergency Severity Index;
FP, false positive; FN, false negative; MTS, Manchester Triage System; TP, true positive; TN, true negative.

The proportion of patients discharged after the ED visit
increased from the higher to the lower urgency categories
in all triage systems (online supplementary appendix 5).
Again, there was a large variability within triage systems
and substantial overlap between triage systems. In adults,
the MTS seemed to have a higher variability compared
with the other triage systems, but in children, variability
was greater for the CTAS.

The only additional reference standard with sufficient
evaluations was resource use according to the ESI criteria
(online supplementary appendix 6).

Direct comparison of triage systems

A total of 13 studies directly compared two or more triage
systems. Most of these studies, however, were assessed
as having a high risk of bias in the index test domain,
because triage was performed by the same nurse or
without blinding. Performing triage, while using different
triage systems sequentially, is likely to reduce the differ-
ences between triage systems. Therefore, these results
should be interpreted with caution.

In 10 studies, an established five-level triage system was
compared with a local or informally structured triage
system with three or four levels. Seven of these studies
reported that the five-level triage system provided better
discrimination or better sensitivities and specificities
than the local triage system and should be preferred.'®**
One study in children found that the local triage system

performed better than the established triage system
(CTAS).®

Two studies comparing the ESI with the MTS in adults
found that sensitivities and specificities for hospital
admission and the prediction of mortality were largely
similar.?® ¥ In one of these studies, the MTS undertri-
aged a smaller proportion of patients compared with the
ESI (8.3% vs 13.5%) at the cost of a larger proportion
of ‘overtriage’.** One study in adults observed no statis-
tically significant difference between the CTAS and ESI
regarding the prediction of ED resource utilisation and
immediate patient outcomes.”® One study in children
compared the ATS and ESI and found similar sensitivities
and specificities for the identification of patients requiring
hospital admission. One single-centre study in children
compared five triage systems (ATS, CTAS, ESI, MTS and a
local triage system called the Ramathibodi Triage System)
and concluded that the ESI showed the best validity for
predicting hospital admission (Area Under the Curve
0.78, 95% CI 0.74 to 0.81).” In this study, the local triage
system showed the highest sensitivity (50%) and the ATS
the highest specificity (94%).

Determinants of triage systems’ performance

The number of studies per triage system was too small
to perform subgroup analyses based on annual census or
percentage hospitalisation. As an explorative analysis, we
ordered all selected studies that used hospital admission
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as a reference standard based on annual census, and
percentage  hospitalisation  (online supplementary
appendix 7). There was no clear association between
patient volume or casemix and triage systems’ sensitivity
and specificity. A lower specificity for hospitals with the
largest annual census and highest percentage hospitalisa-
tion could not be ruled out, but requires a larger number
of studies.

DISCUSSION

In a systematic review of 66 observational studies evalu-
ating triage systems, we found that numerous different
triage systems are being used but that many lack a
rigorous evaluation. The most commonly used and evalu-
ated triage systems, CTAS, ESI and MTS, show a moderate
to good validity to identify high and low-urgency patients.
Their performance, however, is highly variable and differ-
ences in study design, study populations and reference
standards make a comparison of the available evidence
difficult. Although based on a limited number of studies,
no clear association between patient volume and casemix
severity of illness could be found.

Strengths and weaknesses

This is the first study that evaluates the performance of
triage systems in a meta-analysis. Previous reviews have
merely described the results of the individual studies
without synthesising the evidence. Moreover, none of the
published reviews looked at other factors that determine
triage systems’ performance, such as ED characteristics to
compare evidence from different studies.*"?*'~*

Our review is based on a comprehensive search devel-
oped with a research librarian, includes duplicate assess-
ment of eligibility and risk of bias, and duplicate data
abstraction. Furthermore, the research question is based
on a relevant and practical clinical issue. Triage systems
are used worldwide to prioritise patients in the ED, but
robust evidence on their performance is lacking.

The results of this review, however, should be inter-
preted taking into consideration the limitations of the
underlying evidence. We included 66 studies in our
review, but the majority of the 33 triage systems were eval-
uated by only one study. Therefore, we could only evaluate
the three most frequent used triage systems: CTAS, ESI
and MTS. Even for these commonly used triage systems,
few evaluations were available due to the variety of refer-
ence standards. Although the triage evaluations included
the whole age spectrum, studies targeted at elderly
patients were scarce. It is important to evaluate triage
systems’ performance separately for the most vulnerable
populations at the ED, specifically children and elderly.
In these patient groups, the spectrum of disease, the pres-
ence of non-specific signs and symptoms and progression
of disease course differ from that in adult patients.

We are not aware of any (randomised) controlled
trial that investigates the effect of triage on patient
outcome. Therefore, we conducted a systematic review of

observational studies. Comparing observational studies is
challenging because the effect of a triage system cannot be
assessed independently of its context. Likely, other factors
such as ED and hospital characteristics or local practices
and training have influenced the results of the included
studies. We chose to display the results of different studies
in a forest plot. Because of the limited number of studies
and heterogeneity of the study populations, it is difficult
to compare the results from different triage systems and
these plots should be interpreted with caution.

We aimed to explore heterogeneity between studies
and more specifically the effect of differences in patient
load and casemix severity of illness. Unfortunately, due
to the small number of studies per triage systems, we
could not draw strong conclusions about the relation
between these factors and triage systems’ performance.
There are more potential factors that could affect triage
systems’ validity, such as the local infrastructure, the expe-
rience and training of the triage nurse, the presence of a
computerised triage application or variations in disease
epidemiology. Moreover, since most included studies had
a risk of bias in at least one domain, we cannot rule out
that study design and methodological quality have led to
heterogeneity of the results as well.

We predefined mortality at the ED and ICU admis-
sion as reference standards for high patient urgency and
discharge home as a reference standard for low patient
urgency. Due to the relatively low number of studies
reporting mortality and the low mortality rate of patients
in the ED, we could not use it as a reference standard.
ICU and hospital admission are feasible reference stan-
dards for large study populations, and theoretically,
criteria for ICU and hospital admission should be reason-
ably comparable between settings. It is possible, however,
that ED and hospital characteristics and local practices
result in differences in the decision to admit a patient
between EDs.

We restricted our review to triage systems in high-in-
come and higher-middle-income countries. We applied
this selection because EDs in lower income countries
have their own unique characteristics and challenges.
Several recently published studies have addressed triage
in low-income settings.” *°

Implications and future research

Our review identified 33 triage systems for which at least
one evaluation was published. Probably, there are more
triage systems in use, which are not formally evaluated.
There are several advantages, not addressed in this review,
of using an established triage system over a local triage
scale. Beside that performance of the most commonly
used triage systems is known, they have a formal gover-
nance structure and undergo regular updates. Moreover,
there are standardised implementation guidelines and
training programmes available.”” The CTAS, ESI and
MTS all show a reasonable performance for triage at the
ED. Our results do not suggest that one of the established
triage systems should be preferred over the other.
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Our review indicates that large variation of perfor-
mance exists even in studies assessing the same triage
system. This suggests that other factors influence triage
systems’ performance. Consequently, generalisability
of individual studies evaluating a triage system is low
and a study on triage validity in one setting may not
apply to a setting with different characteristics or in a
different healthcare system. Our review demonstrates
that the majority of studies evaluating triage systems were
conducted in a single centre. Furthermore, most multi-
centre studies provided only pooled results. Yet, multi-
centre studies using similar study designs and reference
standard definitions are needed to evaluate the range of
triage systems’ performance in different settings. More
importantly, these studies can provide valuable insights
in determinants of triage systems’ performance and areas
of improvement.

The extensive use of triage systems in clinical practice
contrasts with the limited number of studies evaluating
their performance. Triage systems were typically devel-
oped based on expert opinion and implemented out of
clinical necessity. They are mostly used in their country
or region of origin: the MTS is widely used in the UK and
Europe, the ESI in the USA, and the CTAS in Canada and
in French-speaking countries.* Since most EDs already
have experience with a certain triage system and some
triage systems are recommended by national guidelines,
it could be worthwhile shifting away from the focus on
triage systems’ performance towards the improvement
of the established triage systems. Our review suggests
that there is room for improvement of all triage systems
regarding both the correct identification of high-urgency
and low-urgency patients.

The most commonly used triage systems, CTAS, ESI
and MTS, have a reasonable validity for the triage of
patients at the ED. Important research questions that
remain are what determinants influence a triage systems’
performance and how the performance of existing triage
systems can be improved.
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The open access licence type has been amended.

Acknowledgements We thank Wichor Bramer, biomedical information specialist
in Erasmus University Medical Centre, Rotterdam, for his help with developing the
search strategy

Contributors JMZ and VvdH contributed equally to this work. All authors
substantially contributed to the conception and design of the study and
interpretation of the findings. JMZ, KM-J and HAM conceived the study idea.
JMZ, VvdH, NS and MvV conducted the systematic review including screening of
abstracts and full text and risk of bias assessment. JMZ and VvdH extracted data,
performed the analyses and wrote the first draft of the manuscript. All authors
revised it critically for important intellectual content and gave their approval of
the final version. All authors had full access to all of the data (including statistical
reports and tables) in the study and can take responsibility for the integrity of the
data and the accuracy of the data analysis. HAM is guarantor.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests KM-J is chair of the Manchester Triage Group.
Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

REFERENCES

1. Blunt |, Edwards N, Merry L. What's behind the A&E 'crisis'? Briefing
2015.

2. Australasian College for Emergency Medicine. Access Block and
Overcrowding in Emergency departments, 2004.

3. Hospital-based emergency care: at the breaking point, 2013.

4. Mackway-Jones K, Marsden J, Windle J. Emergency triage. London:
BMJ, 2006.

5. Warren DW, Jarvis A, LeBlanc L, et al. CTAS National Working
GroupCanadian Association of Emergency PhysiciansNational
Emergency Nurses AffiliationAssociation des Médecins d'Urgence
du QuébecCanadian Paediatric SocietySociety of Rural Physicians
of Canada. Revisions to the Canadian Triage and Acuity Scale
paediatric guidelines (PaedCTAS). CJEM 2008;10:224-32.

6. Gilboy NT, Travers P, Rosenau DA, et al. Version 4: Implementation
Handbook. Rockville, MD: Agency for Healthcare Research and
Quality, 2005.

7. Australian College for Emergency Medicine. Guidelines on the
implementation of the australasian triage scale in emergency
departments. http://www.acem.org.au/media/policies_and_
guidelines/G24_Implementation__ATS.pdf.

8. Christ M, Grossmann F, Winter D, et al. Modern triage in the
emergency department. Dtsch Arztebl 2010;107:892-8.

9. Farrohknia N, Castrén M, Ehrenberg A, et al. Emergency department
triage scales and their components: a systematic review of the
scientific evidence. Scand J Trauma Resusc Emerg Med 2011;19:42.

10. Parenti N, Ferrara L, Bacchi Reggiani ML, et al. Reliability and validity
of two four-level emergency triage systems. Eur J Emerg Med
2009;16:115-20.

11. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of
observational studies in epidemiology: a proposal for reporting.
Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
group. JAMA 2000;283:2008-12.

12. World Bank Group. World Bank Country and Lending Groups.
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-
world-bank-country-and-lending-groups (Accessed October 5th,
2017).

13. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised
tool for the quality assessment of diagnostic accuracy studies. Ann
Intern Med 2011;155:529-36.

14. Kuriyama A, Urushidani S, Nakayama T. Five-level emergency triage
systems: variation in assessment of validity. Emerg Med J 2017;34.

15. R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing, 2008.

16. IBM SPSS Statistics for Windows [program]. 21 version. Armonk, NY,
2011.

17. Review Manager (RevMan) [program]. 5.3 version. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014.

18. Chang YC, Ng CJ, Wu CT, et al. Effectiveness of a five-level
Paediatric Triage System: an analysis of resource utilisation in the
emergency department in Taiwan. Emerg Med J 2013;30:735-9.

19. Chi CH, Huang CM. Comparison of the Emergency Severity Index
(ESI) and the Taiwan Triage System in predicting resource utilization.
J Formos Med Assoc 2006;105:617-25.

20. Maleki M, Fallah R, Riahi L, et al. Effectiveness of Five-Level
Emergency Severity Index Triage System Compared With Three-
Level Spot Check: An Iranian Experience. Arch Trauma Res
2015;4:29214.

21. Ng CJ, Hsu KH, Kuan JT, et al. Comparison between Canadian
Triage and Acuity Scale and Taiwan Triage System in emergency
departments. J Formos Med Assoc 2010;109:828-37.

22. Ng CJ, Yen ZS, Tsai JC, et al. Validation of the Taiwan triage and
acuity scale: a new computerised five-level triage system. Emerg
Med J 2011;28:1026-31.

23. Yuksen C, Sawatmongkornkul S, Suttabuth S, et al. Emergency
severity index compared with 4-level triage at the emergency
department of Ramathibodi University Hospital. Asian Biomed
2016;10:155-61.

8

Zachariasse JM, et al. BMJ Open 2019;9:e026471. doi:10.1136/bmjopen-2018-026471

“ybuAdoo Aq parosioid 1sanb Aq 6T0Z AINC Gz uo ywod fwg uadolway/:dny wouy papeojumoq "6T0Z A8\ 82 UO T/1920-8T02-uadolwag/9eTT 0T Se paysignd isiy :uado NG


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1017/S1481803500010149
http://www.acem.org.au/media/policies_and_guidelines/G24_Implementation__ATS.pdf
http://www.acem.org.au/media/policies_and_guidelines/G24_Implementation__ATS.pdf
http://dx.doi.org/10.1186/1757-7241-19-42
http://dx.doi.org/10.1097/MEJ.0b013e328310b594
http://www.ncbi.nlm.nih.gov/pubmed/10789670
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.1136/emermed-2016-206295
http://dx.doi.org/10.1136/emermed-2012-201362
http://dx.doi.org/10.1016/S0929-6646(09)60160-1
http://dx.doi.org/10.5812/atr.29214
http://dx.doi.org/10.1016/S0929-6646(10)60128-3
http://dx.doi.org/10.1136/emj.2010.094185
http://dx.doi.org/10.1136/emj.2010.094185
http://bmjopen.bmj.com/

24. 31.

25.
26.

27.

28.

29.

30.

Travers DA, Waller AE, Bowling JM, et al. Five-level triage system
more effective than three-level in tertiary emergency department. J
Emerg Nurs 2002;28:395-400.

Gouin S, Gravel J, Amre DK, et al. Evaluation of the Paediatric
Canadian Triage and Acuity Scale in a pediatric ED. Am J Emerg
Med 2005;23:243-7.

Storm-Versloot MN, Ubbink DT, Kappelhof J, et al. Comparison

of an informally structured triage system, the emergency

severity index, and the manchester triage system to distinguish
patient priority in the emergency department. Acad Emerg Med
2011;18:822-9.

van der Wulp |, Schrijvers AJ, van Stel HF. Predicting admission and
mortality with the Emergency Severity Index and the Manchester
Triage System: a retrospective observational study. Emerg Med J
2009;26:506-9.

Worster A, Fernandes CM, Eva K, et al. Predictive validity
comparison of two five-level triage acuity scales. Eur J Emerg Med
2007;14:188-92.

Ghafarypour-dahrom M, Taghizadeh M, Heidari K, et al. Validity and
Reliability of the Emergency Severity Index and Australasian Triage
System in Pediatric Emergency Care of Mofid Children's Hospital in
Iran. Bull Emerg Trauma 2018;6:329-33.

Aeimchanbanjong K, Pandee U. Validation of different pediatric
triage systems in the emergency department. World J Emerg Med
2017;8:223-7.

32.

33.

34.

35.

36.

37.
38.
39.
40.

Azeredo TR, Guedes HM, Rebelo de Aimeida RA, et al. Efficacy of
the Manchester Triage System: a systematic review. Int Emerg Nurs
2015;23:47-52.

Souza CC, Araujo FA, Chianca TC. Scientific Literature on the
Reliability and Validity of the Manchester Triage System (MTS)
Protocol: A Integrative Literature Review Producao cientifica sobre
a validade e confiabilidade do Protocolo de Manchester: revisao
integrativa da literature. Rev Esc Enferm USP 2015;49:144-51.
van Veen M, Moll HA. Reliability and validity of triage systems in
paediatric emergency care. Scand J Trauma Resusc Emerg Med
2009;17:38.

de Magalhaes-Barbosa MC, Robaina JR, Prata-Barbosa A, et al.
Validity of triage systems for paediatric emergency care: a systematic
review. Emerg Med J 2017;34:711-9.

Hansoti B, Jenson A, Keefe D, et al. Reliability and validity of
pediatric triage tools evaluated in Low resource settings: a
systematic review. BMC Pediatr 2017;17:37.

Jenson A, Hansoti B, Rothman R, et al. Reliability and validity of
emergency department triage tools in low- and middle-income
countries: a systematic review. Eur J Emerg Med 2018;25:154-60.
www.esitriage.com. [Accessed 5th Oct 2017].
http://caep.ca/resources/ctas. [Accessed 5th Oct 2017].
www.triagenet.net. [Accessed 5th Oct 2017].

Moll HA. Challenges in the validation of triage systems at emergency
departments. J Clin Epidemiol 2010;63:384-8.

Zachariasse JM, et al. BMJ Open 2019;9:¢026471. doi:10.1136/bmjopen-2018-026471

“ybuAdoo Aq parosioid 1sanb Aq 6T0Z AINC Gz uo ywod fwg uadolway/:dny wouy papeojumoq "6T0Z A8\ 82 UO T/1920-8T02-uadolwag/9eTT 0T Se paysignd isiy :uado NG


http://www.ncbi.nlm.nih.gov/pubmed/12386619
http://www.ncbi.nlm.nih.gov/pubmed/12386619
http://www.ncbi.nlm.nih.gov/pubmed/15915392
http://www.ncbi.nlm.nih.gov/pubmed/15915392
http://dx.doi.org/10.1111/j.1553-2712.2011.01122.x
http://dx.doi.org/10.1136/emj.2008.063768
http://dx.doi.org/10.1097/MEJ.0b013e3280adc956
http://dx.doi.org/10.29252/beat-060410
http://dx.doi.org/10.5847/wjem.j.1920-8642.2017.03.010
http://dx.doi.org/10.1016/j.ienj.2014.06.001
http://dx.doi.org/10.1186/1757-7241-17-38
http://dx.doi.org/10.1136/emermed-2016-206058
http://dx.doi.org/10.1186/s12887-017-0796-x
http://dx.doi.org/10.1097/MEJ.0000000000000445
www.esitriage.com
http://caep.ca/resources/ctas
www.triagenet.net
http://dx.doi.org/10.1016/j.jclinepi.2009.07.009
http://bmjopen.bmj.com/

	Performance of triage systems in emergency care: a systematic review and meta-analysis
	Abstract 
	Introduction﻿﻿
	Methods
	Search strategy
	Study eligibility
	Data extraction
	Quality assessment
	Data analysis
	Patient and public involvement

	Results
	Triage systems
	The most commonly evaluated triage systems
	Accuracy of triage systems to identify high-urgent patients
	Accuracy to identify low-urgent patients
	Direct comparison of triage systems
	Determinants of triage systems’ performance

	Discussion
	Strengths and weaknesses
	Implications and future research

	References


