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BACKGROUND: Although the Australasian Triage Scale (ATS) has been developed two
decades ago, its reliability has not been defined; therefore, we present a meta-analyis of the reliability
of the ATS in order to reveal to what extent the ATS is reliable.

DATA SOURCES: Electronic databases were searched to March 2014. The included studies
were those that reported samples size, reliability coefficients, and adequate description of the ATS
reliability assessment. The guidelines for reporting reliability and agreement studies (GRRAS) were
used. Two reviewers independently examined abstracts and extracted data. The effect size was
obtained by the z-transformation of reliability coefficients. Data were pooled with random-effects

models, and meta-regression was done based on the method of moment's estimator.

RESULTS: Six studies were included in this study at last. Pooled coefficient for the ATS was
substantial 0.428 (95%C/ 0.340-0.509). The rate of mis-triage was less than fifty percent. The
agreement upon the adult version is higher than the pediatric version.

CONCLUSION: The ATS has shown an acceptable level of overall reliability in the emergency
department, but it needs more development to reach an almost perfect agreement.
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INTRODUCTION

Patients are categorized based on clinical acuity
in the emergency departments (EDs) so the more
critically-ill patient is, the more immediate treatment
and care needs.!"! The Australasian Triage Scale (ATS)
is a five-level emergency department triage algorithm
that has been continuously developed in Australia and
subjected to several studies.”” The ATS, a 5-point
triage scale, has been endorsed by the Australasian
College for Emergency Medicine and adopted in
performance indicators by the Australian Council on
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Healthcare Standards. The National Triage Scale (NTS)
was implemented in 1993. In the late 1990s, the NTS
underwent revisions and was subsequently renamed
the Australasian Triage Scale (ATS). The ATS is based
on adult physiological predictors (airway, breathing,
circulation, and disability)."

Several studies” " have investigated the validity and
reliability of the ATS in adult and pediatric populations;
but it's still unclear to what extent the ATS would support
consistency in triage nurses' decision making in Australia
comparing to other countries, considering the wide
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variety of health care systems around the world. Besides,
some studies”'” have addressed contextual influences
on the triage decision making process, therefore it's
necessary to discover the effect of these variables on
the reliability of triage scale. However, some studies
reported moderate consistency for the ATS,!"" but it
needs to be extensively studied in terms of participants,
statistics, instruments and other influencing criteria as
well as mistriage.

The reliability of triage scales should be assessed
by internal consistency, repeatability and inter-rater
agreement.[m However, kappa has been the most
commonly used statistics to measure inter-rater agreement,
and it is worth mentioning that kappa statistics could be
influenced by incidence, bias and levels of scale, thus
leading to misleading results.'”* " It is reported that
weighted kappa statistics could reveal high and deceiving
reliability coefficients."” Therefore computing a pooled
estimate of a reliability coefficient could help us identify
significant differences among reliability methods.

Meta-analysis is a systematic approach for introduction,
evaluation, synthesis and unifying results in relation
to studying research questions. It also produces the
strongest evidence for intervention.""” Therefore, it is
an appropriate method to gain comprehensive and deep
insights into the reliability of triage scale especially in
regard to kappa statistics.

A review on reliability of the ATS demonstrated that
kappa ranges from 0.25 (fair) to 0.56 (moderate).""'” The
considerable variation in the kappa statistics indicates a
real gap in the reliability of triage scale. So in view of the
methodological limitations of the triage scale reliability,
context-based triage decision making and the necessity
of comprehensive insight into scale reliability in the
EDs, the aim of this study was to provide a meta-analytic
review of the reliability of the ATS in order to examine
to what extent the ATS is reliable.

METHODS
The study was approved by the Research Ethics

Committee of Mashhad University. The databases we
searched until March 1, 2014 included Cinahl, Scopus,
Medline, Pubmed, Google Scholar and Cochrane Library
in the first phase of the study. The search terms included
reliability, triage, system, scale, agreement, emergency
and Australasian Triage Scale.

Relevant citations in reference lists of final studies
were hand-searched to identify additional articles
regarding the reliability of the ATS. Three researchers

independently examined the search results in order to
recover potentially eligible articles (Figure 1). Authors
of the articles were contacted to retrieve supplementary
information if needed.

Irrelevant and duplicated results were eliminated. Only
English language publications were reviewed. Articles
were chosen according to the Guidelines for Reporting
Reliability and Agreement Studies (GRRAS).!"" According
to the guidelines, only those studies that had reported
description for sample size, number of raters and subjects,
sampling method, rating process, statistical analysis and
reliability coefficients were included in the analysis.
Each item was graded qualified if described in sufficient
detail in the paper. According to inclusion criteria, the
qualified paper was defined as one with qualifying score
more than 6 out of the 8 criteria. Disagreements among
the researchers were resolved by consensus. The articles
in which the type of reliability was not reported were
excluded from the study. The researchers also recorded
moderator variables such as participants, raters, origin
and publication year of studies.

In the next phase, participants (age-group, size),
raters (profession, size), instruments (live, scenario),
origin and publication year of studies, reliability
coefficient and method were retrieved. The reliability
coefficients were extracted from articles including: 1)
Inter-rater reliability: kappa coefficient (weighted and
un-weighted), intraclass correlation coefficient, Pearson's
correlation coefficient and Spearman's rank-order
correlation coefficient; 2) Intra-rater reliability: articles
which contained reliability statistics including Pearson's
correlation coefficient, intraclass correlation coefficient
and Spearman's rank-order correlation coefficient were

Search term: “reliability triage” or “Australasian
Triage Scale” or “triage system” or “triage scale”
or “agreement triage scale”

76 potentially relevant papers
identified and screened for retrieval

| 50 papers excluded because
| clearly not relevant

Y

26 papers retrieved for more
detailed evaluation

20 papers excluded clearly
not eligible

3>
>

Y
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Figure 1. The results of literature search and selection process.
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Table 1. Studies on the reliability of the ATS

Studies Patient Participants’ Instrument Methods™ Statistics Country

Dilley et al” 1998 Adult NN Scenario Inter Kuw (0.25) Australia

Fernandes CMB et al 1999 Adult NN Scenario Intra Kuw (0.75) Australia
Adult NN Scenario Inter Kuw (0.66)

Crellin et al'¥! 2003 Adult NN Scenario Inter Kuw (0.21) Australia

Considine et al®™ 2004 Adult NN Scenario Inter Kuw (0.43) Australia
Pediatrics NN Scenario Inter Kuw (0.40)

Gerdtz et al'® 2007 Adult NN Scenario Inter Kuw (0.38) Australia

Gerdtz et al” 2008 Adult NN Scenario Inter Kuw (0.41) Australia

NN: nurse-nurse; ~ Inter: inter-rater reliability; Intra: intra-rater reliability; ~ Kuw: Un-weighted kappa (coefficient).

included; 3) Internal consistency: articles reporting alpha
coefficients were included.

Each sample was considered as a unit of analysis. If
the same sample was reported in more than two articles,
it was included once. In contrast, if several samples
regarding different populations were reported in one
study, each sample was separately included as a unit of
analysis.

Pooling data were analyzed for the three types of
reliability. The most qualified articles reported reliability
coefficient using kappa statistics, so it could be considered
as an r type of coefficient ranging from —1.00 to +1.00.
Standard agreement definition was used as poor (x=0.00—
0.20), fair («=0.21-0.40), moderate (k=0.41-0.60),
substantial (x=0.61-0.80), and almost perfect (x=0.81-
1.00)."" Kappa could be treated as a correlation coefficient
in meta-analysis.” In order to obtain the correct
interpretation, back-transformation (z to » transformation)
of pooled effect sizes to the level of primary coefficients
was performed.”"*” Fixed effects and random effects
models were applied. The data were analyzed using
comprehensive meta-analysis software (Version 2.2.050).

Simple meta-regression analysis was performed
according to the method of moments estimator.”” In the
meta-regression model, effect size as a dependent variable,
and studies and subject characteristics as an independent
variable were considered to discover potential predictors
of reliability coefficients. Z-transformed reliability
coefficients were regressed on the following variables:
origin and publication year of studies. Distance was
defined as distance from the origin of each study to the
origin of the ATS (Melbourne, Australia). Meta-regression
was performed using a model of random effects because
of the presence of significant between-study variation.”!

RESULTS

Literature searching found 76 primary citations
relevant to the reliability of the ATS. Finally, 6 (7.89% of
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the 76) unique citations, which met the inclusion criteria,
were selected (Figure 1). The citations were subgrouped
according to participants (adult/pediatric), raters (nurses,
physicians, experts) and method of reliability (intra/inter
raters), reliability statistics (weighted/un-weighted kappa)
and origin and publication year of studies. Two clinicians
(AM and ME) and one statistician (RM) reviewed the
cited articles independently. Minor disagreements among
the reviewers were discussed to reach a consensus.
The level of agreement was almost perfect among the
reviewers through final selection of the articles.

In the analysis, 4 409 patients were included in the
study. The reliability of the ATS was assessed in Australia.
The publication year of studies ranged from 1998 to 2007
with a median of 2003. No studies were conducted using
the latest version of triage scale. Inter-rater reliability
was used in all studies except for one study using intra-
rater reliability.”! No study in our analysis used alpha
coefficient to report internal consistency in reliability
analysis. Unweighted kappa coefficient was the only
common statistics (Table 1). Overall pooled coefficient for
the ATS was moderate 0.428 (95%CI 0.340-0.509). All
raters were nurses, so the participants' pooled coefficient
was moderate and all studies used paper-based scenario
assessment for reporting reliability too.

Agreement on inter-rater and intra-rater reliability

1.51
=]
Q
£
< 1.0F
5
NS
= 0.5
> %
Z

0 1 |
Inter Intra

Figure 2. Fisher's Z-transformed pooled estimates of reliability statistics
(random effects model) (Inter: Inter-rater reliability; Intra: Intra-rater
reliability).
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Table 2. The contingency table of triage decision distribution relating to each ATS category among ED raters"’
ED raters decisions ED raters decisions by ATS category Total
1 2 3 4 5
1 357 (7.74)* 61 5 0 1 424
2 275 452 (9.80) 166 6 1 900
3 26 144 887 (19.22) 279 64 1400
4 2 2 255 890 (19.29) 372 1521
5 0 0 5 144 220 (4.77) 369
Total 660 659 1318 1319 658 4614 (100.00)
" No (% of total).

0.601 terms of publication year of study revealed insignificant
go 551 change in reliability pooled coefficients, thus the
£ reliability of the ATS increased systematically through
§0~5O' the years (Table 3).

S 04s5H
o}
2040/ +
= DISCUSSION
0.35 L I The overall reliability of the ATS is moderate in
Adult Pediatrics

Figure 3. Fisher's Z-transformed pooled estimates of patients' reliability
based on age group (Random effects model).

Table 3. Meta-regression analysis of Fisher's Z-transformed kappa
coefficients on predictor variables

Independent variable B SE, P value
Distance from origin 0.00004 0.00001 0.0000
Publication date —-0.00193 0.00704 0.76219

was fair 0.390 (95%CI 0.307-0.466) and substantial
0.750 (95%CI 0.613-0.843), respectively (Figure 2).

Agreement on adult and pediatric version of the ATS
was moderate 0.440 (95%C7 0.329-0.539) for adult and
0.400 (95%CI 0.350—-0.448) for pediatrics (Figure 3).

Only one study" reported a contingency table to
show frequency distribution of triage decisions upon
each ATS level between two raters (Table 2). The rate of
overall agreement was 60.81%. The rate of agreement for
ATS L-1 was 7.74%, ATS L-2 9.80%, ATS L-3 19.22%,
ATS L-4 19.29%, and ATS L-5 4.77%; and the rate of
disagreement was 4.10%, 7.10%, 10.23%, 11.49%, and
6.36% respectively. Mistriage decisions accounted for
39.19%, of which overtriage was 20.70% and undertriage
18.49% (Table 2).

Meta-regression analysis based on the method of
moments for moderators (distance and publication year)
was performed (Table 3). Studies in terms of the distance
from the origin of the ATS in Australia significantly
showed lower pooled coefficients, in other terms studies
did indicate higher pooled coefficients for the nearest
places rather than farther places. Analysis of studies in

the emergency departments. The ATS showed a fairly
acceptable level of reliability to allocate patients to
appropriate categories. However it supports evidence-
based practice in the emergency department."" But it is
worth mentioning that there is a gap between research
and clinical practice even at the best of time.” No
study used weighted kappa statistics to report reliability
coefficient (Table 1), therefore it is far from weighted
kappa bias in reporting reliability coefficients. Weighted
kappa statistics overestimates the reliability of triage
scale,"” thus it is necessary to interpret the results with
caution. Therefore it is important to remember that the
ATS reliability is actually at the moderate level which is
congruent with several studies.""”

Approximately 39.19% of triage decisions were
recognized as mis-triages. Although it is not highly
remarkable, 20.70% were overtriages and it could
extenuate disagreement among raters in favor of patients.
In addition, an alarming issue is that 18.49% of triage
decisions are related to under-triage in levels I and 11
which are notable to endanger the life of critically-ill
patients (Table 2). Comparing to other triage scales, the
rate (10.93%) of mis-triage in ESI is lower than that of
the ATS and the rate (78.56%) of agreement among raters
is higher than that of the ATS. Only one study compared
the reliability of the ATS with ESI. Unlikely, Alpert et
al®* indicated the ATS has a higher rate of agreement
than ESI. It can be justified that the generalizability of
result is limited to simulation of triage decisions.

However, ESI has a strong tendency towards
categorizing patients as level 2 (23.39% of all), and ATS
can appropriately distribute patients in triage levels.

www.wjem.org
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Figure 4. Fisher's Z-transformed kappa coefficients in relation to the publication year of studies.

Therefore, ATS guarantees to prevent influx of patients
in specific category. This influx creates significant
disturbance in patient flow in the EDs and causes other
parts of the ED to remain unusable.""”

The ATS shows diverse pooled reliability coefficients
regarding participants, patients, raters, reliability
method and statistics. The results demonstrated the rate
of agreement upon the adult version was higher than
the pediatric version. This result is congruent with ESI
moderators."” All of these moderator variables could
lead further studies to explore more exclusively. The
ATS has been documented and supported moderately
by scientific evidence in Australia (Table 1). In this
way, meta-regression analysis showed that there is a
significant difference in distance from origin of the ATS.
It shows that the ATS has reached higher reliability
coefficients in Australia (Table 3).

The second edition of ATS has been released™ and
the reliability of triage scale has not been significantly
improved through the years. However, Gerdtz et al'®”
found that although the improvement has not been
significant, marked improvement has been obtained.
In fact, the reliability of the ATS increased from a fair
reliability coefficient of Dilley et al” in 1998 to moderate
reliability coefficient of Gerdtz et al’”’ in 2008, indicating
that revision was considerably effective. Therefore, the
ATS needs to be enhanced through the years and improved
in order to reach almost perfect reliability (Figure 4).

In general, intra-rater reliability is more satisfactory
than inter-rater reliability,”” so it has revealed substantial
agreement comparing to fair agreement for inter-rater
reliability. As intra- and inter-rater reliabilities are
intended to indicate the similar measurements taken
by the same or different observers respectively, other
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methods for examining reliability have been uncommon
in studies regarding the triage reliability.”**”!

A number of limitations of this study must be
noted. In our analysis, none of these studies reported
raw agreement for each individual ATS-level and only
few studies presented contingency table for inter-rater
agreement among raters. Since this study is limited
to overall reliability, some inconsistencies may exist
across each ATS level, therefore the results should be
interpreted with caution.

In conclusion, the ATS triage scale has a fairly acceptable
level of reliability in the emergency department, and it
appropriately distributes patients into triage categories.
Therefore it needs more development to reach almost
perfect agreement and decrease disagreement especially
under-triage. The reliability of triage scales requires a
more comprehensive evaluation including all aspects of
reliability assessment, so further studies on the reliability
of triage scales are necessary, especially in different
countries.
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