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Title
Triage system performance: understanding reliability, validity, and decision-making in the

context of emergency centre practice

Abstract

Triage systems have come a long way in recent times with the use of tiered acuity to achieve
a balance between patient need and resource availability. Triage is a form of sorting patients
based on acuity, irrespective of the setting i.e. telephonic, pre-hospital, or in-hospital. The
growth of the paramedic profession has seen paramedics now working in emergency centres
and having to contend with the concept of triage in this setting. The nature of emergency
centres and the variety of patient presentations makes it near impossible to have a perfect
system that is both consistent and accurate all the time. It is important for paramedics as
decision makers to understand the underlying concepts of what makes a triage system
perform well; so that best practice can be adopted with specific goals in mind. There is a
patient centred focus to do the most for the most at any given time and to ensure that
resources align to the need of patients. It is vital to monitor a triage systems performance so
that improvements or adjustments can be reactive to patient population needs over time.
This commentary focusses on the main principles of triage system performance measures and
what factors should be taken into consideration during clinical practice. Highlighting the
concepts of triage reliability, validity, and decision-making should aid paramedics to

understand the importance of conscious decision-making practice.


https://www.magonlinelibrary.com/journal/jpar

Background

Triage systems are used throughout the world to aid in the sorting of patients based on their
acuity and the provision of timely medical care. These systems were developed and reviewed
over time to have high clinical predictive value [1]. The broad aim is to match the treatment
needs of a patient with the appropriate and available resources within an Emergency Centre
(EC). It relies heavily on the determination of a patient’s acuity when they arrive at an EC [2].
During the process of triage, usually conducted by non-physician medical staff, a brief
snapshot is taken of a patient’s clinical signs and symptoms [3]. These are then utilised to
formulate a broad understanding of a patient’s illness or injury severity that leads to their

acuity profile.

A goal of triage systems over the years has been to standardise the assessment and process
of triaging patients in a more objective manner based on researched clinical evidence [4]. The
culmination of years of clinical outcome research has led to more accurate predictive models
of patients’ acuity, leading to decreased mortality rates [4]. In simple terms, if a patient’s
acuity can be accurately determined at the stage of triage, there is a higher likelihood they
will receive appropriate treatment in a timely manner. This also forms the basis of triage
categorisation, the allocation of an acuity level that is interlinked with set timeframes
associated with best outcome time-to-treatment [5]. Patients in emergency centres are
usually categorised into different tiers; structuring the order in which they are attended to
[6]. Each tier differentiates acuity levels and provides guidance as to how long a patient could
clinically wait before requiring treatment. In ideal circumstances all patients would receive
some sort of attendance immediately upon arrival at an EC; however, resource limitations
make this a near impossible task [7]. Well researched clinical outcome predictors are relied
upon to guide clinicians in the sorting of patients to ensure that the most critically ill or injured

patients are seen first.

There are two main factors that influence the performance of a triage system; the design of
the system itself and the individuals applying that system. It is assumed that the system
design provides an objective view of acuity whereas individuals provide a more subjective
interpretation. Testing the reliability and validity of a triage system is widely considered as

the best way of evaluating its performance [6]. This not only provides a measurable



benchmark of system outputs, but also incorporates the application of that system. To fully
understand the application of a triage system it requires an appreciation of triage decision-

making; the process though which an individual applies a triage system [8].

Triage reliability

Reliability in broad terms refer to the consistency of quality and performance [9]. Relating to
triage, it has been referred to as: a measure of standardised application, agreement between
clinicians, and the variability between them [10-12]. It is concurred that the reliability of a
triage system addresses mainly the consistency of its performance (i.e. coming up with the
same answer every time). This means that the identification, classification, and prioritisation
of patients should be the same for each case presentation, irrespective of who conducts the

triaging.

In statistical terms, when measuring reliability, the focus is on the precision of the measure
to produce similar results under consistent conditions [13]. To evaluate the reliability of a
triage system, two variables namely EC conditions and clinicians need to be evaluated for
consistency [12]. Firstly, reproducing consistent (the same) conditions within an EC is near
impossible and secondly, clinician dynamics vary considerably based on the individual’s
background, training, exposure, experience and understanding of the triage system [14-16].
Assessing these two variables will determine the reliability strength of a triage system by its
ability to produce similar results under inconsistent conditions and between different

clinicians.

There is an almost unlimited number of possible patient presentations to an EC and the
conditions under which a triage system is applied cannot be consistently replicated [17]. It
is acknowledged that patients with similar conditions can be grouped together (i.e. cardiac,
respiratory, abdominal, etc.) and will commonly have similar or consistent presentations (i.e.
signs and symptoms) [18]. The number of clinicians is usually confined to a group of
individuals within an EC that can be evaluated. When clinicians apply a triage system, the
outcome is the allocation of a triage category that reflects the patient’s acuity. The

relationship measured between clinicians is commonly referred to as inter-rater



reliability/agreement [19]. Thus, the degree of agreement is measured between two or more

clinicians to determine how they relate to an outcome (i.e. triage category allocation) [12].

The measure of reliability within most triage studies focus on the level of inter-rater
agreement [19-21]. There are several methods to measure and evaluate inter-rater
agreement, including joint probability of agreement, kappa statistics, correlation coefficients,
limits of agreement and Krippendorff’s alpha [22—-26]. Joint probability of agreement is simply
the number of times a rating is assigned by a clinician divided by the total number of ratings
[22]. Kappa statistics goes further by taking into account the amount of agreement that could
be expected through chance [23]. Correlation coefficients evaluate the agreement or
relationship between groups of clinicians [24]. Limits of agreement uses paired clinician
means to determine how much random variation may influence individual ratings [25].
Krippendorff’s alpha is used to assess the agreement among clinician who allocate
measurable values to unstructured phenomena to determine whether the data can be trusted
[26]. The most commonly used measures of reliability in triage is that of chance-corrected
Cohen’s kappa and inter-class correlation coefficients [19,27,28]. Since it is widely used
within triage research it helps to cross-compare the outcome measurements between
systems to determine their relationship to each other, i.e. which one is more reliable in a

given setting.

Paramedics need to understand how to apply a triage system consistently to aid in their
clinical decision making; appreciating the impact such consistency has on patient outcome
and EC flow. It is important to keep monitoring one’s own consistency in triage category

allocation and ensure there is reliability among colleagues.

Triage validity

Validity in broad terms refer to the quality of being logically or factually sound [29]. Relating
to triage, it has been referred to as: a measure of how close an acuity rating is to a patient’s
true acuity, the correct identification of true acuity, and the degree to which true acuity can
be predicted [1,10]. It is concurred that the validity of a triage system addresses mainly the

accuracy of its performance (i.e. coming up with the right answer). This means that the



identification, classification, and prioritisation of patients should be correct and accurate in

its prediction of acuity.

The validity of a triage system can be measured either subjectively or objectively. The
subjective measures relate to the outcomes achieved based on the triage category allocation
and is usually chosen arbitrarily to reflect the predictive accuracy of the triage system within
a specific EC setting (e.g. length of stay, admission rate, mortality, etc.) [6]. These subjective
reference standards can be picked purposefully based on the EC’s needs, resources, economic
gain or any other goal [10]. In most cases, the reference standard is chosen to reflect a high
level of safety and focus on patient outcomes [30]. Since there is no ultimate right or wrong
answer as to which reference standard to use, it becomes difficult to compare the validity

between triage systems when their outcomes are measured differently [31].

The objective measures relate to the accuracy of a clinician using the triage system to be able
to correctly assign a triage category to the correct patient acuity. Performance indicators are
the most common tools for measuring the objective validity of a triage system, i.e. sensitivity,
specificity, over- and under-triage [1,32]. Sensitivity refers to the true positive rate where the
proportion of positives are correctly identified, and specificity refers to the true negative rate
where the proportion of negatives are correctly identified [33]. This means that the sensitivity
measure is good at ruling out negative results and the specificity measure is good at ruling in
positive results. A balance is needed between the sensitivity and specificity of a triage system
to allow for accuracy, but also provide a level of safety to include outlying variables. Over-
triage is the measure of overestimating a patient’s acuity and allocating a higher triage
category than required while under-triage is the measure of underestimating the patient’s
acuity and allocating a lower triage category than required [1]. To underestimate a patient’s
priority is of more concern as it may be detrimental to a patient to wait longer for treatment,
especially for high acuity patients. Overestimating a patient’s priority is less concerning as it
allows for a safety margin, although this may have negative impacts on the service delivery of

an EC by depleting its resources.

An acceptable balance of performance indicators is necessary for a triage system to be valid

as they are inversely proportional to each other. In other words, when one goes up the other



goes down. The benefit of measuring performance indicators is that studies on triage system
performance can be compared against each other to determine whether one system is more
valid than another for a specific setting. The limitation however, is similar to that of the
subjective measures as there are no fixed or agreed upon standard levels of sensitivity,
specificity, over-triage and under-triage [33]. It is difficult to compare the performance of a
triage system as no gold-standard exists, and the standard also depends largely on what goals
the EC wants to attain. The measure of performance is thus an internal process (i.e. internal
validity) of evaluating the subjective and objective indicators to attain a desired outcome. In
most cases, an external evaluation process (i.e. external validity) provides a better reflection
of a triage system’s performance as it can be compared to the performance of other triage

systems throughout the world [34].

To identify a patient’s acuity in the emergency setting has been a great strength in paramedic
practice. This leads to confidence in clinical accuracy that can be applied not only to the pre-
hospital, but also to the in-hospital setting. Being able to assign an accurate triage category

should ensure a more efficient allocation of resources.

Triage decision-making

Although the reliability and validity of certain triage systems in particular settings have been
established, triage strategies and decision-making are complex processes that are not well
understood [31,35,36]. In many developed countries, triage is frequently performed by
registered nurses [16,37]. It follows that these nurses are also commonly the first healthcare
providers patients encounter when presenting to an EC; however, this is changing with the
introduction of paramedics into this setting [16,37]. The triage decision-making process is
dependent on the knowledge and experience of clinicians gathering and evaluating the
information required to make a triage decision [14,38]. It involves clinical judgements to be
made within a relatively short time-frame [39]. As a result, the triage decision-making process
aims to cope with these circumstances and requires critical thinking, and rapid evaluation —a

strong trait within paramedic practice [8,40].

Critical thinking is defined as the objective analysis and evaluation of an issue in order to form

a judgement [29]. The question can then be asked: why is critical thinking a necessary part of



triage when the purpose of a triage system is to consistently replicate a similar outcome using
a formalised triage reference tool? Critical thinking therefore brings a level of subjectivity
(clinical acumen) to the triage process which may seem counter acted by the objective

purpose of a triage system.

To understand this surface contradiction, it should be understood that triage is a process with
several intertwined steps [39]. Most triage systems have triage reference tools that are
usually only a single, or in some cases a few pages long. These reference tools are used on a
daily basis to help guide the triage process, however, they only highlight a small number of
common patient presentations [17,18]. The reference tool only provides an aid to the
clinician in the process of triage decision-making. This is evident in the extensive triage
manuals accompanying the triage systems which contain training information on all the
aspects of the triage decision-making process [17,18]. The dynamics of the individual triage
system also plays a large role in allowing for critical thinking to take place [8,35]. For example,
some triage systems only provide a small reference tool with an emphasis on clinical
judgement to reach a triage allocation while others have larger reference tools that need to
be followed more stringently. The clinical scope of individuals performing triage is another
factor to take into consideration [41]. For example, in some countries, individuals may be
allowed a broad scope of independence and thus wide clinical judgement is allowed for, while
in other countries, the limitations of practise (i.e. limited scope) deter clinical judgement from
individuals conducting triage. There is no one scenario that is better than the other and thus

cognisance of the needs of the setting ought to be taken when selecting a triage system.

The biggest determinant to clinical decision-making is the individuals themselves, including
their background, training, experience and understanding of the triage system [16,38,39].
Appropriate triage training and including a sound understanding of triage theory and its
relationship to triage practice plays a vital role in the eventual outcome and quality of the
decision-making process [16,38,39]. It can be argued that better qualified individuals (like
paramedics) will need less training and refreshing than less qualified individuals, which saves
resources in maintaining triage performance standards in the form of reliability and validity
[36,37,39]. Implementing a triage system to a specific setting from a decision-making

standpoint is therefore dependant on the environment it will be used in, the individuals who



will be using the system, the scope of clinical judgements that are allowed and the level of
training that needs to be undertaken. Paramedics are independent clinicians and have show
to be able to use reasoned clinical judgement and integrate decision-making tools such as

triage systems in their daily practice.

Conclusion

Emergency centre triage goals can be quite different to those paramedics are used to in their
pre-hospital practice. Applying EC based systems may feel awkward at first, however, the
principles of triage remain the same — matching patients with resources. The ideal outcome
for any triage system would be to accurately assess all patients and their acuities every single
time. Although this can be the goal, the effects of ‘real-life’ variances in population dynamics,
iliness and injury profiles, medical staffing, and available resources make such a goal difficult
to attain. It is important to continue evaluating a triage systems performance to allow for
continual improvements to be made. Paramedics moving to the in-hospital EC setting will
find themselves having to adjust their mindset and practice to be cognisant of the principles

that underpin triage system performance.

References

[1] Twomey M, Wallis LA, Thompson ML, Myers JE. The South African triage scale (adult
version) provides valid acuity ratings when used by doctors and enrolled nursing
assistants. African J Emerg Med 2012;2(1):3-12.

[2] Goransson KE, von Rosen A. Patient experience of the triage encounter in a Swedish
emergency department. Int Emerg Nurs 2010;18(1):36—40.

[3] GeorgeS, Read S, Westlake L, Fraser-Moodie A, Pritty P, Williams B. Differences in
priorities assigned to patients by triage nurses and by consultant physicians in

accident and emergency departments. J Epidemiol Community Health
1993;47(4):312-5.

[4] Royal College of Physicians. National Early Warning Score (NEWS) - Standardising the
assessment of acute-illness severity in the NHS. Report of a working party. 2012:1-47.

[5] Johnson KD, Wargo M, Gray D, Kuehn C. Causes and Occurrences of Interruptions
During ED Triage. J Emerg Nurs 2013:1-6.

[6] Fry M, Burr G. Review of the triage literature: Past, present, future? Aust Emerg Nurs J
2002;5(2):33-8.

[7] Olofsson P, Gellerstedt M, Carlstrom ED. Manchester Triage in Sweden - Interrater
reliability and accuracy. Int Emerg Nurs 2009;17(3):143-8.



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Noon AJ. The cognitive processes underpinning clinical decision in triage assessment:
A theoretical conundrum? Int Emerg Nurs 2014;22(1):40-6.

reliable: definition of reliable in Oxford dictionary (British & World English) [Internet].

[cited Feb 2019]. Available from:

http://www.oxforddictionaries.com/definition/english/reliable?g=reliability#reliable_
9

Moll HA. Challenges in the validation of triage systems at emergency departments. J
Clin Epidemiol 2010;63(4):384-8.

Rominski S, Bell SA, Oduro G, Ampong P, Oteng R, Donkor P. The implementation of
the South African Triage Score (SATS) in an urban teaching hospital, Ghana. African J
Emerg Med 2014;4(2):71-5.

Twomey M, Wallis LA, Thompson ML, Myers JE. The South African triage scale (adult
version) provides reliable acuity ratings. African J Emerg Med 2012;(20):142-50.

van der Wulp I. Reliability and validity of emergency department triage systems.
Universiteit Utrecht 2010. 1-144 p.

Innes K, Plummer V, Considine J. Nurses’ perceptions of their preparation for triage.
Australas Emerg Nurs J 2011;14(2):81-6.

Forsman B, Forsgren S, Carlstrom ED. Nurses working with Manchester triage - The
impact of experience on patient security. Australas Emerg Nurs J 2012;15(2):100-7.

Goransson KE, Ehrenberg A, Marklund B, Ehnfors M. Emergency department triage: Is
there a link between nurses’ personal characteristics and accuracy in triage decisions?
Accid Emerg Nurs 2006;14(2):83-8.

Manchester Triage Group. Emergency Triage [Internet]. 2nd ed. Mackway-Jones K,
Marsden J, Windle J, editors. Blackwell Publishing; 2006:1-20. Available from:
http://onlinelibrary.wiley.com/doi/10.1002/9780470757321.fmatter/summary

Beveridge R, Clarke B, Janes L, Savage N, Thompson J, Dodd G, et al. Implementation
Guidelines for The Canadian Emergency Department Triage & Acuity Scale (CTAS) -
endorsed by the Canadian Association of Emergency Physicians, the National
Emergency Nurses Affiliation of Canada, and I’association des medecins d’urgence du.
Can Assoc Emerg Physicians 1998:1-32.

Parenti N, Reggiani MLB, lannone P, Percudani D, Dowding D. A systematic review on
the validity and reliability of an emergency department triage scale, the Manchester
Triage System. Int J Nurs Stud 2014;51(7):1062-9.

Maningas PA, Hime DA, Parker DE, McMurry TA. The Soterion Rapid Triage System:
Evaluation of inter-rater reliability and validity. ] Emerg Med 2006;30(4):461-9.

Buschhorn HM, Strout TD, Sholl JM, Baumann MR. Emergency medical services triage
using the emergency severity index: Is it reliable and valid? J Emerg Nurs
2013;39(5):55-63.

Gwet KL. Variance estimation of nominal-scale inter-rater reliability with random
selection of raters. Psychometrika 2008;73(3):407-30.



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics 1977;33(1):159-74.

Fleiss JL, Cohen J. The Equivalence of Weighted Kappa and the Intraclass Correlation
Coefficient as Measures of Reliability. Educ Psychol Meas 1973;33(3):613-9.

Qingshu X. Agree or Disagree? A Demonstration of An Alternative Statistic to Cohen’s
Kappa for Measuring the Extent and Reliability of Agreement between Observers.
MacroSys LLC 2011;1:1-12.

Krippendorff K. Computing Krippendorff’'s Alpha Reliability. Dep Pap 2011:1-10.

Wuerz RC, Milne LW, Eitel DR, Travers D, Gilboy N. Reliability and validity of a new
five-level triage instrument. Acad Emerg Med 2000;7(3):236—42.

Eitel DR, Travers DA, Rosenau AM, Gilboy N, Wuerz RC. The Emergency Severity Index
triage algorithm version 2 is reliable and valid. Acad Emerg Med 2003;10(10):1070-80.

validity: definition of validity in Oxford dictionary (British & World English) [Internet].
[cited Feb 2019]. Available from:
http://www.oxforddictionaries.com/definition/english/validity?q=validity

Cooke MW, Jinks S. Does the Manchester triage system detect the critically ill? J Accid
Emerg Med 1999;16(3):179-81.

Fry M, Stainton C. An educational framework for triage nursing based on gatekeeping,
timekeeping and decision-making processes. Accid Emerg Nurs. 2005;13(4):214-9.

van Veen M, Steyerberg EW, van’t Klooster M, Ruige M, van Meurs AHJ, van der Lei J,
et al. The Manchester triage system: improvements for paediatric emergency care.
Emerg Med J 2012;29(8):654-9.

Akobeng AK. Understanding diagnostic tests 1: sensitivity, specificity and predictive
values. Acta Paediatr 2007;96(3):338—41.

Van der Linden C, Lindeboom R, Van der Linden N, Lucas C. Managing patient flow
with triage streaming to identify patients for Dutch emergency nurse practitioners. Int
Emerg Nurs 2012;20(2):52-7.

Hay E, Bekerman L, Rosenberg G, Peled R. Quality assurance of nurse triage:
Consistency of results over three years. Am J Emerg Med. 2001;19(2):113-7.

Martin A, Davidson CL, Panik A, Buckenmyer C, Delpais P, Ortiz M. An Examination of
ESI Triage Scoring Accuracy in Relationship to ED Nursing Attitudes and Experience. J
Emerg Nurs 2013:1-8.

Aloyce R, Leshabari S, Brysiewicz P. Assessment of knowledge and skills of triage
amongst nurses working in the emergency centres in Dar es Salaam, Tanzania. African
J Emerg Med 2014;4(1):14-8.

Reay G, Rankin J a. The application of theory to triage decision-making. Int Emerg Nurs
2013;21(2):97-102.

Cioffi J. Triage decision making: educational strategies. Accid Emerg Nurs
1999;7(2):106-11.



[40] Brown AM, Clarke DE. Reducing uncertainty in triaging mental health presentations:
Examining triage decision-making. Int Emerg Nurs 2014;22(1):47-51.

[41] Gomez P. Emergency nursing education in Dubai: A multicultural experience. J Emerg
Nurs 2010;36(3):265-8.



