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AbstrAct
Aim To present a systematic review on the validity of 
triage systems for paediatric emergency care.
Methods Search in MEDLINE, Cochrane Library, Latin 
American and Caribbean Health Sciences Literature 
(LILACS), Scientific Electronic Library Online (SciELO), 
Nursing Database Index (BDENF) and Spanish Health 
Sciences Bibliographic Index (IBECS) for articles in 
English, French, Portuguese or Spanish with no time limit. 
Validity studies of five-level triage systems for patients 
0–18 years old were included. Two reviewers performed 
data extraction and quality assessment as recommended 
by PRISMA statement.
results We found 25 studies on seven triage systems: 
Manchester Triage System (MTS); paediatric version 
of Canadian Triage and Acuity Scale (PedCTAS) and 
its adaptation for Taiwan (paediatric version of the 
Taiwan Triage and Acuity System); Emergency Severity 
Index version 4 (ESI v.4); Soterion Rapid Triage System 
and South African Triage Scale and its adaptation for 
Bostwana (Princess Marina Triage Scale). Only studies 
on the MTS used a reference standard for urgency, 
while all systems were evaluated using a proxy 
outcome for urgency such as admission. Over half of 
all studies were low quality. The MTS, PedCTAS and 
ESI v.4 presented the largest number of moderate and 
high quality studies. The three tools performed better 
in their countries or near them, showing a consistent 
association with hospitalisation and resource 
utilisation. Studies of all three tools found that 
patients at the lowest urgency levels were hospitalised, 
reflecting undertriage.
conclusions There is some evidence to corroborate the 
validity of the MTS, PedCTAS and ESI v.4 for paediatric 
emergency care in their own countries or near them. 
Efforts to improve the sensitivity and to minimise 
the undertriage rates should continue. Cross-cultural 
adaptation is necessary when adopting these triage 
systems in other countries.

IntroductIon
The purpose of an emergency triage system is to 
establish a safe and effective hierarchy of care, 
based on clinical risk, by prioritising the more 
urgent cases.1 Paediatric triage is a complex task, 
which presents many challenges to the triage team 
due to communication difficulties with young chil-
dren and their parents and high variability over a 
wide range of factors within each age group, such as 
physiological parameters, epidemiology and clinical 
presentation of various diseases.2 

The most widely used triage systems are the 
Australasian Triage Scale (ATS),3 4 the Canadian 
Triage and Acuity Scale (CTAS),5 6 the Manchester 
Triage System (MTS)7 and the Emergency Severity 
Index (ESI)8 9 developed in USA. They are complex 
five-level triage systems, which have demonstrated 
better validity when compared with three-level 
systems.10 Studies on these triage systems have 
been performed predominantly in their respective 
home countries and in the adult population. The 
South African Triage Scale (SATS) is a more recent 
and less complex scale, developed in an emergent 
country, but there are few studies on its effective-
ness, particularly in the paediatric population.11 12

According to the American College of Emer-
gency Physicians (ACEP) and the Emergency 
Nurses Association (ENA), the ideal triage scale 
must demonstrate the characteristics of reliability, 
validity, utility and relevance.13 The triage process 
must be easily understood, rapidly applied, have 
high rates of inter-observer agreement, facilitate 
appropriate placement, correlate with ED resource 
use requirements and predict clinical outcomes, 
including severity of illness and mortality rate.13

The validity of triage systems depends on their 
ability to discriminate different levels of urgency. 
Criterion validity, that is, comparison with a 
reference standard, which is the preferred method 
for validating diagnostic tests, is a challenge as 
there is no reference standard for ‘urgency’.14 
The literature evaluating the validity of triage 
systems has relied on one of the two methods: 
(1) the comparison of the performance of the 
triage system with a reference standard devel-
oped by experts (an approximation of the crite-
rion validity) (see online supplementary  files 
1A, 1B); (2) the association of levels of urgency 
with outcomes proxy variables of urgency, mainly 
hospitalisation, resource utilisation and length of 
stay in the ED.15 The expert-developed reference 
standard uses data such as clinical picture and 
vital signs at presentation and outcomes related 
to diagnostic tests performed, treatment received 
and patient’s destination, to determine retrospec-
tively the ‘true’ urgency level of the patient, to 
be compared with the level assigned by the triage 
system. Several combinations of outcomes may be 
associated to some levels of urgency.16

Recent reviews suggest that there are many gaps 
regarding the validity of triage systems, particularly 
in the paediatric population.15 17–20 The aim of this 
study was to perform a systematic review on the 
validity of triage systems for paediatric emergency 
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care, assessed by either an expert developed reference standard 
or the association with proxy outcomes.

Methods
search of literature
From July 2014 to September 2015, we searched for original arti-
cles, systematic reviews, government and medical society docu-
ments in several databases (MEDLINE, Cochrane Library, Latin 
American and Caribbean Health Sciences Literature (LILACS), 
Scientific Electronic Library Online (SciELO), Nursing Database 
Index (BDENF), Spanish Health Sciences Bibliographic Index 
(IBECS)), in the reference lists of selected articles, in Google 
and Google Scholar. The search included articles published in 
English, French, Spanish or Portuguese with no time restriction. 
The concepts used were emergency department, child, triage and 
validity or reliability, according to the PICO strategy (PRISMA 
guidelines).21 We added the name of each triage system found in 
the first step to broaden the search (online supplementary file 
2A).

selection of studies
Two reviewers (MCMB and APB) performed the selection of 
articles, based on the inclusion and exclusion criteria. Both 
researchers are paediatricians with extensive experience in paedi-
atric emergency care. Instances of disagreement were discussed 
to meet consensus.

Inclusion and exclusion criteria
We initially selected original articles on the validity and reli-
ability of five-level triage instruments applied to general paedi-
atric population or paediatric subgroups, aged 0–18 years old, 
who were triaged in hospital ED. Because of size limitations, we 
split the resultant material into two groups: studies with validity 
assessment to be included in the present review and studies with 
reliability assessment to be included in another review. For this 
review on validity, we included prospective or retrospective 
studies with two different designs: (1) those comparing levels of 
urgency assigned by triage systems to a reference standard devel-
oped by experts; (2) those assessing the association of urgency 
levels with outcomes proxies of urgency, such as resource utili-
sation, hospitalisation, admission to the paediatric intensive care 
unit, ED length of stay (LOS) or severe bacterial infection.

We excluded studies of prehospital care, mass casualty events 
or telephone triage.

data extraction and quality assessment
Two reviewers (MCMB and JRR), both with a PhD in epide-
miology, independently performed data extraction and elabo-
rated a list of items by consensus to evaluate the methodological 
quality of the articles (see online supplementary file 2B). The 
items were based on three tools: Quality Assessment of Diag-
nostic Accuracy Studies (QUADAS),22 Statement for Reporting 
of Diagnostic Accuracy (STARD)23 and an instrument developed 
by Hayden et al for prognostic studies.24 The two reviewers inde-
pendently classified the risk of bias related to participants, attri-
tion, measurement, outcome and statistical analysis, into high, 
uncertain or low categories, as recommended by QUADAS. They 
also rated the quality of the discussion section as good, moderate 
or poor. Agreement between the two reviewers for each type of 
bias and the discussion assessment was estimated by the quadrat-
ic-weighted kappa (kw2). Instances of disagreement were solved 
by consensus. We classified the methodological quality in each 

study as low, moderate or high according to the amount of risk 
of bias.

In this review, we did not try to pool data from studies of the 
same triage systems, because there was great heterogeneity in 
the sampling, methods of validation and definitions of outcome 
variables.

We used the statistical software Stata V.12.0 (Stata, Texas, 
USA).

results
The search strategy located 25 articles on five original and two 
adapted triage systems for paediatric emergency care: MTS 
(n=9); the paediatric version of CTAS (PedCTAS) (n=8); the 
pediatric version of Taiwan Triage System (PedTTAS), an adap-
tation of the PedCTAS (n=1); ESI (n=4); Soterion Rapid Triage 
System (SRTS) (n=1); SATS (n=1) and Princess Marina Triage 
Scale (PATS), an adaptation of the SATS (n=1) (see online supple-
mentary file 2A, figure 1, table 1).

Agreement between the two reviewers for the risk of the 
various types of bias varied from a kw2 of 0.848 (95% CI 0.722 
to 0.965) to 0.573 (95% CI 0.242 to 0.667) (see online supple-
mentary file 2C). The validity assessments were rated high 
quality in two articles, moderate quality in 11 and low quality 
in 12 (table 2).

There were 14 retrospective and 11 prospective observational 
studies assessing validity (table 1). Most of them used propor-
tional sampling, including the five levels of urgency with the 
same frequency as they occurred in the source population. Two 
studies used disproportionate sampling to ensure a minimum 
number of patients in the most urgent levels or the same number 
of patients in all levels of urgency (table 3). The detailed char-
acteristics of these studies are summarised in the online supple-
mentary file 2D.

Table 3 includes only studies that used the reference stan-
dard method and reported estimates of sensitivity, specificity, 
overtriage and undertriage rates. Table 4 presents results for 
those studies that used proxy outcomes giving estimates of 

Figure 1 Algorithm for the selection of references according to 
PRISMA guidelines. BDENF, Base de Dados de Enfermagem (Nursing 
Database Index); IBECS, Índice Bibliográfico Español de Ciencias de 
la Salud (Spanish Health Sciences Bibliographical Index);  LILACS, 
Literatura Latino-Americana em Ciências da Saúde (Latin American 
and Caribbean Health Sciences Literature); SciELO, Scientific Electronic 
Library Online.
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sensitivity, specificity, overtriage and undertriage (for the proxy 
outcome), while table 5 looks at studies using proxy outcomes 
but presents the frequency of clinical outcomes in each level of 
urgency. Therefore, two studies were included twice: Roukema 
et al16 used the two methods of validation (tables 3 and 4) and  
Travers et al (2009) reported two types of estimates (tables 3 
and 5).

Five studies performed in Netherlands compared the MTS to 
an expert developed reference standard to assess the ability of 
the MTS to detect high urgency cases (levels 1 and 2) (table 3). 
The original MTS presented a moderate sensitivity of 63% and 
high overtriage rates (40%–54%).16 37 A modified version of the 
MTS increased the specificity from 78%–79% to 87%, but not 
the sensitivity (64%), resulting in the reduction of overtriage 
(47%) without a parallel increase in undertriage (15%).39 The 
other two studies assessed subgroups of patients and showed an 
undertriage rate of 2% in patients levels 1 and 238 and poorer 
sensitivity (58% vs 74%) and higher undertriage rate (17% vs 
11%) in patients with symptoms of infection and chronic disease 
compared with those without chronic disease.42

Twenty-one studies assessed the association of levels of urgency 
with one or more proxy outcomes of urgency (tables 4 and 5). 
Seven of these studies assessed one outcome, such as hospital-
isation or severe bacterial infection (one study) and reported 
sensitivity, specificity, over/undertriage rates or other estimates 
to predict the outcome (table 4). These results could not be 
compared with the results of the MTS studies in table 3, because 
the definitions they are based on were completely different.

Fifteen of those 21 studies assessed the frequency of at 
least two of the following three outcomes (hospitalisation 
rates, resource utilisation and LOS) across the five-triage 
levels (table 5). In the first nine validity studies in table 5, 
triage systems were assessed in the countries where they were 
developed; in the last six validity studies, triage systems were 
assessed outside their own countries. Level 1 (immediate 
urgency) represented less than 1% of the visits, while levels 
3 (urgent) and 4 (low urgency) together contributed around 
70%–90%, in most of the studies which used proportionate 
sampling. The distribution of urgency levels was more similar 
in the Canadian and US studies compared with studies in other 
countries. In most of these studies, the frequency of hospital-
isation decreased from the higher to the lower level of urgency. 
The decreasing gradient was more evident in studies performed 
in the countries where the triage systems were developed, such 
as Canada (PedCTAS) and US (ESI-4). The combined frequency 
of hospital admission in levels 4 and 5 with the PedCTAS varied 
from 2.6% to 4% in Canadian studies and from 1.5% to 25% 
in other countries. In the ESI v.4 studies, it varied from 1.8% to 
6% in US studies and was 3.3% in the only study performed in 
Iran. The two MTS studies showed a combined hospital admis-
sion rate in levels 4 and 5 of 0.9% in Netherlands and 5% in 
Spain.

Despite different definitions and cut-off points used for the 
outcome ‘resource utilisation’ (diagnostic and therapeutic 
resources or only laboratory or radiological tests or hospital 
costs), most studies showed decreasing frequency from the 

table 1 Characteristics of validity studies of triage systems for paediatric emergency care

triage system Author, year country number of centres sample size study population

study design

Validity assessment

1—PedCTAS Gravel J et al25 Canada Multicentre (12) n=550 940 <18 years Retrospective

2—PedCTAS Gravel J et al26   Canada Multicentre (9) n=1464 <18 years Prospective

3—PedCTAS Gravel J et al27 Canada One centre n=58 529 <18 years Retrospective

4—PedCTAS Gravel J et al47 Canada One centre n=28 349 <18 years Retrospective

5—PedCTAS Ma W et al28 Canada One centre n=1618 0–19 years Retrospective

6—PedCTAS Gouin S et al29 Canada One centre n=1281 0–19 years Prospective

7—PedCTAS Fernandez et al30 Spain One centre n=57 617 0–14 years Retrospective

8—PedCTAS Al-Hindi AA et al31 Saudi Arabia One centre n=3337 0–12 years Prospective

9—TTAS Chang YC et al32 Thailand One centre n=84 874 <18 years Retrospective

10—ESI v.4 Green NA et al33 USA One centre n=780 <18 years Retrospective

11—ESI v.4 Travers DA et al34 USA One centre n=1000 <18 years Prospective

12—ESI v.4 Baumann MR et al35 USA One centre n=510 <14 years Retrospective

13—ESI v.4 Jafari-Rouhi AH et al36 Iran One centre n=1104 <18 years Prospective

14—MTS Roukema J et al16 Netherlands One centre n=1065 <16 years Retrospective

15—MTS Van Veen M et al37 Netherlands Multicentre (2) n=13 554 <16 years Prospective

16—MTS Seiger N et al38 Netherlands Multicentre (2) n=13 408 <16 years Retrospective

17—MTS Van Veen M et al39 Netherlands Multicentre (2) n=11 260 <16 years Prospective

18—MTS Nijman RG  et al40 Netherlands One centre n=1255 1 month to 16 years Prospective

19—MTS Van Veen M  et al41 Netherlands Multicentre (2) n=3975 <16 years Prospective

20—MTS Seiger N  et al42 Netherlands One centre n=8592 <16 years Prospective

21—MTS Seiger N et al43 Netherlands, Portugal 
and England

Multicentre (3) n=60 375 <16 years Retrospective

22—MTS Madramany AA  et al44 Spain One centre n=23 173 <14 years Retrospective

23—SRTS Maningas PA et al45 USA One centre n=7077 <13 years Retrospective

24—SATS Twomey M et al12 South Africa Multicentre (6) n=2014 <13 years Prospective

25—PATS Mullan PC et al46 Botswana One centre n=35 948 <13 years Retrospective

ESI v.4, Emergency Severity Index version 4; MTS, Manchester Triage System; PATS, Princess Marina Hospital Triage Scale; PedCTAS, paediatric version of Canadian Triage and 
Acuity Scale; SATS, South African Triage Scale; SRTS, Soterion Rapid Triage System; TTAS, Taiwan Triage and Acuity Scale.
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highest to the lowest level of urgency. Again, this gradient was 
clearer in the Canadian and US studies (table 5).

The outcome LOS did not show a consistently decreasing 
gradient across the five levels of urgency. The LOS for level 1 
was shorter than for level 2 in two PedCTAS studies in Canada 
and two ESI v.4 studies in USA, one of which also had a shorter 
LOS for level 2 than for level 3 (table 5).

dIscussIon
The present review found 25 validity studies on five original and 
two adapted triage systems in paediatric emergency care. Five 
studies (all MTS) used an expert-developed reference standard, 
while 21 studies involving all triage systems (MTS, PedCTAS, 
TTAS, ESI v.4, SATS, PATS and SRTS) used proxy outcomes of 
urgency. The MTS, the PedCTAS and the ESI v.4 were the triage 
systems with the largest number of moderate or high quality 
studies. There were no studies on the validity of the ATS in the 
paediatric population and very few and low quality studies of the 
SATS and the STRS.

The use of a reference standard seems to be advantageous, 
because as it establishes objective criteria to define each level 
of urgency, it ensures a more robust assessment of the ‘true’ 
urgency of patients and more consistent comparison between 
studies. However, there is no scientific evidence of the validity of 
this reference standard.14 Besides, the criteria used to define the 

levels of urgency include clinical outcomes similar to the proxy 
outcomes of urgency used in the other type of study. The differ-
ence is that, with a reference standard, some levels of urgency are 
defined by many possibilities of combinations of these outcomes. 
These outcomes are satisfactory markers of complexity and 
severity, but they do not always account for all sets of urgency. 
Moreover, they can be influenced by variables related to the 
quality and efficacy of the treatment given.14 15 Twomey et al 
suggested a Delphi process to achieve consensus among experts 
to serve as a reference standard in validity studies. This could 
eliminate the limitations associated with proxies of urgency and 
the biases inherent to individual groups of specialists.14

The evidence on the validity of triage systems in paediatric 
patients is better for the PedCTAS, the ESI v.4 and the MTS, 
but remains insufficient. The three triage systems showed 
unacceptably high rates of hospital admission in the less urgent 
levels in several studies, suggesting undertriage. The MTS is the 
most intensively studied triage system in the paediatric popu-
lation, but the sensitivity to detect high urgency was modest, 
despite an elevated overtriage and a moderate undertriage 
rate. Although there are no recommendations about the safe 
limits of sensitivity, undertriage and overtriage rates for emer-
gency triage systems, an effective screening tool is expected to 
prioritise sensitivity and a low undertriage rate. On the other 
hand, a high overtriage rate might affect the flow of patients, 

table 2 Risk of bias in validity studies of paediatric triage systems

triage 
system Author/year/country

bias type/kappa

Quality of 
discussion

Methodological 
quality

Participants  Attrition/losses Measurement
outcome 
measures

statistical 
analysis

kw2  0.70 
(0.58–0.78)

kw2 0.66 
(0.54–0.80)

kw2  0.77 
(0.56–0.89)

kw2 0.57 
(0.24–0.67)

kw2 0.85 
(0.72–0.97)

PedCTAS Gravel et al25, 2013, Canada25 Low risk Low risk Low risk Uncertain Uncertain Good Moderate

PedCTAS Gravel et al, 2012, Canada26 Uncertain Low risk Low risk Uncertain Low risk Good Moderate

PedCTAS Gravel et al, 2009, Canada27 Low risk Uncertain Low risk Uncertain Uncertain Good Moderate

PedCTAS Gravel et al, 2008, Canada47 Low risk Low risk Low risk Low risk Low risk Good High

PedCTAS Ma et al, 2009, Canada28 Uncertain Low risk Low risk Uncertain High risk Good Low

PedCTAS Gouin et al, 2005, Canada29 Uncertain High risk Low risk Uncertain Uncertain Good Low

PedCTAS Fernandez et al, 2010, Spain30 Low risk Low risk Uncertain Uncertain High risk Fair Low

PedCTAS Al-Hindi et al, 2014, Saudi Arabia31 High risk Uncertain Uncertain Uncertain Uncertain Fair Low

TTAS Yu-Che Chang et al, 2013, Thailand32 Low risk Low risk High risk Uncertain Uncertain Fair Low

ESI v.4 Green et al, 2012, USA33 Low risk Low risk Low risk High risk Uncertain Good Moderate

ESI v.4 Travers et al, 2009, USA34 Low risk Low risk Low risk Uncertain Uncertain Good Moderate

ESI v.4 Baumann et al, 2005, USA35 High risk Low risk Low risk High risk Uncertain Good Low

ESI v.4 Jafari-Rouhi et al, 2013, Iran36 Uncertain Uncertain Low risk High risk High risk Poor Low

MTS Roukema et al, 2006 Netherlands16 Low risk Low risk Low risk Uncertain Uncertain Good Moderate

MTS Van Veen et al, 2008, Netherlands37 Low risk Uncertain Low risk Uncertain Low risk Good Moderate

MTS Seiger et al, 2011, Netherlands38 Uncertain Low risk Low risk Uncertain Low risk Good Moderate

MTS Van Veen et al, 2012, Netherlands39 Low risk Low risk Low risk Uncertain Low risk Good High

MTS Nijman et al, 2011, Netherlands40 Uncertain Low risk Low risk High risk Low risk Good Moderate

MTS Van Veen et al, 2011, Netherlands41 Low risk Uncertain Uncertain Uncertain Uncertain Good Low

MTS Seiger et al, 2013, Netherlands42 Uncertain Low risk Uncertain Uncertain Low risk Good Moderate

MTS Seiger et al, 2014, Netherlands/Portugal/
England43

Low risk Uncertain Uncertain Uncertain Low risk Good Moderate

MTS Madramany et al, 2013, Spain44 Uncertain High risk High risk Uncertain Uncertain Fair Low

SATS Twomey et al, 201312 Uncertain Low risk Low risk Uncertain High risk Fair Low

PATS Mullan et al, 201446 Uncertain Uncertain Low risk Uncertain Uncertain Good Low

SRTS Maningas et al, 2006, USA45 Uncertain Uncertain Low risk Uncertain Uncertain Good Low

ESI v.4, Emergency Severity Index version 4; kw2, quadratic weighted kappa for the interrater agreement between two reviewers for each type of risk of bias, with 95% CI 
between parenthesis; MTS, Manchester Triage System; PATS, Princess Marina Hospital Triage Scale; PedCTAS, paediatric version of Canadian Triage and Acuity Scale; SATS, South 
African Triage Scale; SRTS, Soterion Rapid Triage System; TTAS, Taiwan Triage and Acuity Scale. 

by copyright.
 on S

eptem
ber 3, 2019 at F

akultni N
em

ocnice v M
otole. P

rotected
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2016-206058 on 4 O
ctober 2017. D

ow
nloaded from

 

http://emj.bmj.com/


715de Magalhães-Barbosa MC, et al. Emerg Med J 2017;34:711–719. doi:10.1136/emermed-2016-206058

review

ta
bl

e 
3 

O
ut

co
m

es
 re

su
lti

ng
 fr

om
 th

e 
co

m
pa

ris
on

 o
f t

he
 M

TS
 w

ith
 a

n 
ex

pe
rt

 d
ev

el
op

ed
 re

fe
re

nc
e 

st
an

da
rd

: s
en

si
tiv

ity
, s

pe
ci

fic
ity

, p
os

iti
ve

 a
nd

 n
eg

at
iv

e 
lik

el
ih

oo
d 

ra
tio

s, 
ab

so
lu

te
 a

gr
ee

m
en

t, 
ov

er
/

un
de

rt
ria

ge
 ra

te
s 

an
d 

di
ag

no
st

ic
 O

R 
of

 h
ig

h 
ur

ge
nc

y

A
ut

ho
r

Q
ua

lit
y

sy
st

em
s

M
et

ho
d

o
bs

er
va

ti
on

se
ns

 %
 

(9
5%

 c
I)

sp
 %

 (9
5%

 c
I)

lr
 (+

) %
 

(9
5%

 c
I)

lr
 (−

) %
 

(9
5%

 c
I)

A
bs

ol
ut

e 
ag

re
em

en
t 

%
o

ve
rt

ri
ag

e 
%

u
nd

er
tr

ia
ge

 %
d

o
r

(9
5%

 c
I)

Ro
uk

em
a 

et
 a

l, 
20

06
16

+
+

/+
+

+
M

TS
M

TS
 v

er
su

s 
Re

fe
re

nc
e 

St
an

da
rd

Ab
ili

ty
 to

 d
et

ec
t 

hi
gh

 u
rg

en
cy

63
78

45
40

15

Va
n 

Ve
en

, 2
00

837
+

+
/+

+
+

M
TS

M
TS

 v
er

su
s 

Re
fe

re
nc

e 
St

an
da

rd

Ab
ili

ty
 to

 d
et

ec
t 

hi
gh

 u
rg

en
cy

63
 (5

9 
to

 6
6)

79
 (7

9 
to

 8
0)

3.
0 

(2
.8

 to
 3

.2
)

0.
47

(0
.4

3 
to

 0
.5

2)
34

54
12

Va
n 

Ve
en

, 2
01

239
+

+
+

/+
+

+
M

od
ifi

ed
M

TS
M

TS
 v

er
su

s 
Re

fe
re

nc
e 

St
an

da
rd

Ab
ili

ty
 to

 d
et

ec
t 

hi
gh

 u
rg

en
cy

64
 (6

0 
to

 6
8)

87
 (8

6 
to

 8
7)

37
47

15
DO

R
11

.5
 (9

.6
 to

 1
4)

Se
ig

er
, 2

01
138

+
+

/+
+

+
M

TS
M

TS
 v

er
su

s 
Re

fe
re

nc
e 

St
an

da
rd

Pe
rc

en
ta

ge
 o

f 
un

de
rt

ria
ge

 in
 

le
ve

ls
 1

 a
nd

 2

2 0.
9*

 0
.6

5*
*

Se
ig

er
, 2

01
342

+
+

/+
+

+
M

TS
M

TS
 v

er
su

s 
Re

fe
re

nc
e 

St
an

da
rd

Ab
ili

ty
 to

 d
et

ec
t 

hi
gh

 u
rg

en
cy

 in
 

fe
br

ile
 p

at
ie

nt
s 

w
ith

 v
er

su
s 

w
ith

ou
t 

ch
ro

ni
c 

di
se

as
e

58 (5
3 

to
 6

2)
 x

74 (7
0 

to
 7

8)

78 (7
6 

to
 7

9)
 x

75 (7
4 

to
 7

7)

2.
6

(2
.4

 to
 2

.9
) x

1.
1

(1
.1

 to
 1

.2
)

0.
71

(0
.6

8 
to

 0
.7

4)
 x

0.
80

(0
.7

3 
to

 0
.8

7)

35
×

30
48

×
59

17
×

11
DO

R
4.

8 
(3

.9
 to

 5
.9

) x
8.

7 
(7

.1
 to

 1
1)

*P
er

ce
nt

ag
e 

of
 u

nd
er

tr
ia

ge
 >

1 
ca

te
go

ry
; *

*P
er

ce
nt

ag
e 

of
se

rio
us

 u
nd

er
tr

ia
ge

 a
cc

or
di

ng
 to

 e
xp

er
ts

.
DO

R,
 d

ia
gn

os
tic

 O
R 

of
 h

ig
h 

ur
ge

nc
y 

=
 (s

en
si

tiv
ity

/1
-s

en
si

tiv
ity

)/(
1-

sp
ec

ifi
ci

ty
/s

pe
ci

fic
ity

); 
LR

(+
), 

po
si

tiv
e 

lik
el

ih
oo

d 
ra

tio
; L

R(
-),

 n
eg

at
iv

e 
lik

el
ih

oo
d 

ra
tio

; M
TS

, M
an

ch
es

te
r T

ria
ge

 S
ys

te
m

; N
PP

, n
eg

at
iv

e 
pr

ed
ic

tiv
e 

va
lu

e;
 P

PV
, p

os
iti

ve
 p

re
di

ct
iv

e 
va

lu
e;

 S
en

s, 
se

ns
iti

vi
ty

; S
p,

 s
pe

ci
fic

ity
.

by copyright.
 on S

eptem
ber 3, 2019 at F

akultni N
em

ocnice v M
otole. P

rotected
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2016-206058 on 4 O
ctober 2017. D

ow
nloaded from

 

http://emj.bmj.com/


716 de Magalhães-Barbosa MC, et al. Emerg Med J 2017;34:711–719. doi:10.1136/emermed-2016-206058

review

ta
bl

e 
4 

O
ut

co
m

es
 re

su
lti

ng
 fr

om
 th

e 
as

so
ci

at
io

n 
of

 le
ve

ls
 o

f u
rg

en
cy

 o
f t

ria
ge

 s
ys

te
m

s 
w

ith
 h

os
pi

ta
lis

at
io

n 
or

 s
ev

er
e 

ba
ct

er
ia

l i
nf

ec
tio

n:
 s

en
si

tiv
ity

, s
pe

ci
fic

ity
, p

os
iti

ve
 a

nd
 n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
es

, 
po

si
tiv

e 
an

d 
ne

ga
tiv

e 
lik

el
ih

oo
d 

ra
tio

s, 
ov

er
/u

nd
er

tr
ia

ge
 ra

te
s, 

ar
ea

 u
nd

er
 th

e 
cu

rv
e 

an
d 

O
R 

of
 h

os
pi

ta
l a

dm
is

si
on

A
ut

ho
r

Q
ua

lit
y

sy
st

em
s

M
et

ho
d

o
bs

er
va

ti
on

se
ns

 %
 

(9
5%

 c
I)

sp
 %

 (9
5%

 c
I)

PP
V 

%
 

(9
5%

 c
I)

n
PV

%
(9

5%
 c

I)
lr

 (+
) %

 
(9

5%
 c

I)
lr

 (−
) %

 
(9

5%
 c

I)
o

ve
rt

ri
ag

e 
%

u
nd

er
tr

ia
ge

 %
Au

c
(9

5%
 c

I)
o

r
(9

5%
 c

I)

N
ijm

an
, 2

01
140

+
+

/+
+

+
M

TS
As

so
ci

at
io

n 
w

ith
 

se
rio

us
 b

ac
te

ria
l 

in
fe

ct
io

n

Ab
ili

ty
 to

 d
et

ec
t s

er
io

us
 b

ac
te

ria
l 

in
fe

ct
io

n 
(S

BI
)

42
 (3

5 
to

 4
1)

69
 (6

6 
to

 7
2)

14
 (1

0 
to

 1
7)

91
 (8

9 
to

 9
3)

1.
35

 (1
.0

8 
to

 
1.

69
)

0.
84

(0
.7

3 
to

 
0.

98
)

0.
57

(0
.5

2 
to

 0
.6

2)

Se
ig

er
, 2

01
443

+
+

/+
+

+
M

od
ifi

ed
 M

TS
 1

 
M

TS
 2

M
TS

1 
&

 M
TS

2 
ve

rs
us

 o
rig

in
al

 
M

TS
As

so
ci

at
io

n 
w

ith
 

ho
sp

ita
lis

at
io

n

Ab
ili

ty
 to

 p
re

di
ct

 h
os

pi
ta

l 
ad

m
is

si
on

1.
1

(1
.1

 to
 1

.2
)

x 2.
6

(2
.4

 to
 2

.9
)

0.
80

(0
.7

3 
to

 
0.

87
) x

0.
71

(0
.6

8 
to

 
0.

74
)

0.
 5

6 
(0

.5
5 

to
 

0.
58

)
x 0.

66
 (0

.6
4 

to
 

0.
67

)

1.
4 

(1
.2

 to
 

1.
6)

x 3.
7 

(3
.3

 to
 

4.
7)

Tw
om

ey
 e

t a
l, 

20
13

12
+

/+
+

+
SA

TS
As

so
ci

at
io

n 
w

ith
 

ho
sp

ita
lis

at
io

n
Ab

ili
ty

 to
 p

re
di

ct
 h

os
pi

ta
l 

ad
m

is
si

on
91

54
.5

37
.5

95
.3

45
.5

9

M
ul

la
n,

 2
01

446
+

/+
+

+
PA

TS
As

so
ci

at
io

n 
w

ith
 

ho
sp

ita
lis

at
io

n
O

ve
rt

ria
ge

 a
nd

 u
nd

er
tr

ia
ge

 ra
te

s 
(s

ee
 d

efi
ni

tio
ns

 b
el

ow
)*

28
.8

*
21

.9
*

Tr
av

er
s, 

20
09

34
+

+
/+

+
+

ES
I v

.4
As

so
ci

at
io

n 
w

ith
 

ho
sp

ita
lis

at
io

n
O

ve
rt

ria
ge

 a
nd

 u
nd

er
tr

ia
ge

 ra
te

s 
(s

ee
 d

efi
ni

tio
ns

 b
el

ow
)*

*
16

†
11

†

Ho
sp

ita
l a

dm
is

si
on

 ra
te

 %
 

(9
5%

 C
I f

or
 th

e 
di

ffe
re

nc
e)

RD
 %

 (S
D)

G
ra

ve
l , 

20
08

47
+

+
+

/+
+

+
Pe

dC
TA

S
As

so
ci

at
io

n 
w

ith
 

ho
sp

ita
l a

dm
is

si
on

 
in

 fe
br

ile
 in

fa
nt

s 
3–

36
 m

on
th

s 
ol

d

Ho
sp

ita
l a

dm
is

si
on

 ra
te

 in
 

do
w

nt
ria

ge
d 

le
ve

l 3
 v

er
su

s 
re

m
ai

ni
ng

 le
ve

l 3
 a

nd
 a

ll 
le

ve
l 4

2.
4×

2.
8 

(0
.3

 to
 1

.1
)

(d
ow

nt
ria

ge
d 

le
ve

l 3
 x

 a
ll 

le
ve

l 4
)

RD
 1

3.
1 

to
 2

.4
=

10
.7

 (±
1.

9,
 

p<
0.

00
1)

(re
m

ai
ni

ng
 le

ve
l 3

 - 
do

w
nt

ria
ge

d 
le

ve
l 3

)

O
R

(9
5%

 C
I)

Va
n 

Ve
en

,  
20

11
41

+
/+

+
+

M
TS

As
so

ci
at

io
n 

of
 le

ve
ls

 4
 

an
d 

5 
w

ith
 

ho
sp

ita
lis

at
io

n

Co
m

pl
ai

nt
s 

as
so

ci
at

ed
 w

ith
 

gr
ea

te
r c

ha
nc

e 
of

 h
os

pi
ta

l 
ad

m
is

si
on

Ho
sp

ita
l a

dm
is

si
on

 3
.5

%
O

R 
3.

0 
(2

.2
 to

 4
.1

)<
1 

ye
ar

O
R 

2.
5 

(1
.5

 to
 4

.1
) d

ys
pn

oe
a

O
R 

3.
5 

(2
.5

 to
 4

.9
)  G

I p
ro

bl
em

O
R 

2.
8 

(1
.1

 to
 7

.2
) f

ev
er

 w
/o

 
so

ur
ce

*O
ve

rt
ria

ge
=

PA
TS

 le
ve

l 1
 o

r 2
 w

hi
ch

 w
er

e 
no

t a
dm

itt
ed

 to
 h

os
pi

ta
l; 

un
de

rt
ria

ge
=

PA
TS

 le
ve

l 4
, w

hi
ch

 w
er

e 
ad

m
itt

ed
 to

 h
os

pi
ta

l.
†O

ve
rt

ria
ge

=
ES

I le
ve

l 1
, 2

 o
r 3

 w
hi

ch
 u

se
d 

<
2 

re
so

ur
ce

s, 
or

 E
SI

 le
ve

l 1
 w

hi
ch

 w
er

e 
no

t a
dm

itt
ed

 to
 h

os
pi

ta
l; 

un
de

rt
ria

ge
=

ES
I le

ve
l 4

 o
r 5

 w
hi

ch
 u

se
d 

≥
2 

re
so

ur
ce

s 
or

 w
hi

ch
 w

er
e 

ad
m

itt
ed

 to
 h

os
pi

ta
l.

Q
ua

lit
y—

 +
/+

+
+

: l
ow

 q
ua

lit
y;

 +
+

/+
+

+
: m

od
er

at
e 

qu
al

ity
; +

+
+

/+
+

+
: h

ig
h 

qu
al

ity
.

AU
C,

 a
re

a 
un

de
r t

he
 c

ur
ve

; E
SI

 v
.4

, E
m

er
ge

nc
y 

Se
ve

rit
y 

In
de

x 
ve

rs
io

n 
4;

 L
R 

(+
), 

po
si

tiv
e 

lik
el

ih
oo

d 
ra

tio
; L

R 
(−

), 
ne

ga
tiv

e 
lik

el
ih

oo
d 

ra
tio

; M
TS

, M
an

ch
es

te
r T

ria
ge

 S
ys

te
m

; M
TS

1,
 m

od
ifi

ca
tio

n 
in

 d
is

cr
im

in
at

or
s; 

M
TS

2,
 m

od
ifi

ca
tio

n 
in

 v
ita

l s
ig

ns
; N

PP
, n

eg
at

iv
e 

pr
ed

ic
tiv

e 
va

lu
e;

 P
AT

S;
 

Pr
in

ce
ss

 M
ar

in
a 

Ho
sp

ita
l T

ria
ge

 S
ca

le
; O

R,
 o

dd
s 

ra
tio

 o
f p

re
di

ct
io

n 
of

 h
os

pi
ta

l a
dm

is
si

on
; P

PV
, p

os
iti

ve
 p

re
di

ct
iv

e 
va

lu
e;

 R
D,

 ri
sk

 d
iff

er
en

ce
; S

AT
S,

 S
ou

th
 A

fri
ca

n 
Tr

ia
ge

 S
ca

le
; S

en
s, 

se
ns

iti
vi

ty
; S

p,
 s

pe
ci

fic
ity

; 

by copyright.
 on S

eptem
ber 3, 2019 at F

akultni N
em

ocnice v M
otole. P

rotected
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2016-206058 on 4 O
ctober 2017. D

ow
nloaded from

 

http://emj.bmj.com/


717de Magalhães-Barbosa MC, et al. Emerg Med J 2017;34:711–719. doi:10.1136/emermed-2016-206058

review

ta
bl

e 
5 

Di
st

rib
ut

io
n 

of
 th

e 
st

ud
y 

po
pu

la
tio

n 
an

d 
th

e 
ou

tc
om

es
 ‘h

os
pi

ta
l a

dm
is

si
on

’, 
‘re

so
ur

ce
 u

til
is

at
io

n’
 a

nd
 ‘l

en
gt

h 
of

 s
ta

y’
 a

cr
os

s 
th

e 
fiv

e 
le

ve
ls

 o
f u

rg
en

cy
 in

 th
e 

va
lid

ity
 s

tu
di

es
 o

f p
ae

di
at

ric
 tr

ia
ge

 
sy

st
em

s

A
ut

ho
r/

ye
ar

co
un

tr
y

sy
st

em
Q

ua
lit

y*
st

ud
y 

po
pu

la
ti

on
 (%

)
h

os
pi

ta
l a

dm
is

si
on

 r
at

e 
(%

)
re

so
ur

ce
 u

ti
lis

at
io

n
le

ng
th

 o
f s

ta
y 

(m
in

)

u
rg

en
cy

 le
ve

ls
u

rg
en

cy
 le

ve
ls

u
rg

en
cy

 le
ve

ls
u

rg
en

cy
 le

ve
ls

l1
l2

l3
l4

l5
l1

l2
l3

l4
l5

l1
l2

l3
l4

l5
l1

l2
l3

l4
l5

G
ra

ve
l, 

20
13

25
Ca

na
da

Pe
dC

TA
S

+
+

/+
+

+
0.

6
11

.0
37

.0
44

.0
7.

0
61

.0
30

.0
10

.0
2.

0
0.

9
28

0
28

2
23

2
18

2
76

≥
1 

di
ag

no
st

ic
/th

er
ap

eu
tic

 re
so

ur
ce

 (%
)

G
ra

ve
l, 

20
12

26
Ca

na
da

Pe
dC

TA
S

+
+

/+
+

+
–

7
44

46
3

–
30

.0
8.

0
2.

0
2.

0
–

78
.0

59
.0

42
.0

31
.0

–
30

9
23

8
18

6
16

0

G
ra

ve
l, 

20
09

27
Ca

na
da

Pe
dC

TA
S

+
+

/+
+

+
1.

2
6.

8
31

.5
46

.9
13

.5
62

.9
37

.4
13

.8
1.

9
0.

7
19

1
25

0
19

1
96

66

G
ou

in
, 2

00
529

Ca
na

da
ES

I v
.4

+
/+

+
+

–
5

48
37

10
–

30
.0

12
.0

4.
0

2.
0

≥
2 

di
ag

no
st

ic
/th

er
ap

eu
tic

 re
so

ur
ce

 (%
)

G
re

en
, 2

01
233

U
SA

ES
I v

.4
+

+
/+

+
+

0.
3

9.
3

37
.1

32
.2

21
.2

10
0

42
.5

14
.9

1.
2

0.
6

10
0.

0
57

.5
39

.4
14

.7
7.

3
10

2
24

7
26

2
15

2
12

8

Tr
av

er
s, 

20
09

†34
U

SA
ES

I v
.4

+
+

/+
+

+
16

.5
21

.3
20

.0
21

.8
20

.2
83

.0
46

.0
17

.0
4.

0
0.

0
10

0.
0

70
.0

45
.0

17
.0

4.
0

15
6

23
6

25
9

11
7

99

Ba
um

an
n,

 2
00

535
U

SA
ES

I v
.4

+
/+

+
+

2.
9

18
.6

34
.1

36
.7

7.
7

80
.0

34
.0

13
.0

3.
0

0.
0

93
.0

51
.0

22
.0

6.
0

0.
0

33
4

22
1

20
7

15
1

13
2

Ho
sp

ita
l c

os
ts

 (C
an

ad
ia

n‡
 a

nd
 A

m
er

ic
an

§ 
do

lla
r, 

re
sp

ec
tiv

el
y)

M
a,

 2
00

8‡
28

U
SA

Pe
dC

TA
S

+
/+

+
+

0.
4

9.
6

48
38

.8
3.

3
19

9 
(L

1 
an

d 
L2

)
15

1
11

9
10

6

M
an

in
ga

s, 
20

06
§45

U
SA

SR
TS

+
/+

+
+

26
73

15
63

11
12

47
7

25
8

Ja
fa

ri-
Ro

uh
i, 

 2
01

336
Ira

n
ES

I v
.4

+
/+

+
+

0.
5

29
.0

10
.0

30
.0

30
.0

10
0

30
.7

3.
5

2.
7

0.
6

–
–

–
–

–

≥
2 

di
ag

no
st

ic
/th

er
ap

eu
tic

 re
so

ur
ce

 (%
)

Ro
uk

em
a,

 2
00

6†
16

N
et

he
rla

nd
s

M
TS

+
+

/+
+

+
0.

8
19

.7
23

.9
40

.8
0.

8
53

.5
28

.6
16

.2
6.

0
0.

9
41

.7
25

.4
30

.2
16

.6
3.

7
–

–
–

–
–

≥
1 

di
ag

no
st

ic
 te

st

Fe
rn

an
de

z,
 2

01
030

Sp
ai

n
Pe

dC
TA

S
+

/+
+

+
0.

1
1.

7
43

.1
50

.0
5.

1
84

.0
?

?
1.

6
1.

6
63

.6
41

.4
16

.8
9.

4
8.

0
–

–
–

–
–

La
bo

ra
to

ry
/R

ad
io

lo
gi

ca
l t

es
ts

Al
-H

in
di

, 2
01

431
Sa

ud
i A

ra
bi

a
Pe

dC
TA

S
+

/+
+

+
0.

1
12

.0
22

.0
60

.0
6.

0
75

.0
17

.0
5.

0
1.

0
0.

5
10

0/
50

58
/4

1
22

/1
7

7/
9

3/
2

–
–

–
–

–

M
ad

ra
m

an
y,

 2
01

244
Sp

ai
n

M
TS

+
/+

+
+

0.
5

0.
9

3.
0

94
.0

1.
7

82
.0

20
.0

21
.0

4.
0

5.
0

91
/4

3
57

/3
1

55
/2

8
31

/1
3

32
/1

4
–

–
–

–
–

Ho
sp

ita
l c

os
ts

 (N
T 

do
lla

r)

Ch
an

, 2
01

332
Ta

iw
an

Pe
dT

TA
S

+
/+

+
+

14
.0

9.
0

50
.0

22
.0

5.
0

28
.0

36
.0

22
.0

16
.0

9.
0

22
95

25
73

15
10

12
93

10
55

–
–

–
–

–

*Q
ua

lit
y 

– 
+

/+
+

+
, l

ow
 q

ua
lit

y;
 +

+
/+

+
+

, m
od

er
at

e 
qu

al
ity

; +
+

+
/+

+
+

, h
ig

h 
qu

al
ity

.
†S

tu
di

es
 th

at
 u

se
d 

sa
m

pl
es

 w
ith

 a
 d

is
pr

op
or

tio
na

te
 d

is
tr

ib
ut

io
n 

of
 p

at
ie

nt
s 

am
on

g 
th

e 
fiv

e 
le

ve
ls

 o
f u

rg
en

cy
.

‡S
tu

dy
 th

at
 a

ss
es

se
d 

co
st

s 
w

ith
 C

an
ad

ia
n 

do
lla

r.
§S

tu
dy

 th
at

 a
ss

es
se

d 
co

st
s 

w
ith

 A
m

er
ic

an
 d

ol
la

r.
L1

; L
2;

 L
3;

 L
4;

 L
5:

 u
rg

en
cy

 le
ve

ls
 1

; 2
; 3

; 4
 a

nd
 5

.
ES

I v
.4

, E
m

er
ge

nc
y 

Se
ve

rit
y 

In
de

x 
ve

rs
io

n 
4;

 M
TS

, M
an

ch
es

te
r T

ria
ge

 S
ys

te
m

; P
ed

CT
AS

, p
ae

di
at

ric
 v

er
si

on
 o

f C
an

ad
ia

n 
Tr

ia
ge

 a
nd

 A
cu

ity
 S

ca
le

; P
ed

TT
AS

, p
ae

di
at

ric
 v

er
si

on
 o

f t
he

 Ta
iw

an
 Tr

ia
ge

 a
nd

 A
cu

ity
 S

ys
te

m
.

by copyright.
 on S

eptem
ber 3, 2019 at F

akultni N
em

ocnice v M
otole. P

rotected
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2016-206058 on 4 O
ctober 2017. D

ow
nloaded from

 

http://emj.bmj.com/


718 de Magalhães-Barbosa MC, et al. Emerg Med J 2017;34:711–719. doi:10.1136/emermed-2016-206058

review

ultimately compromising the care of the most urgent patients. 
An ideal triage system must balance between safety and accu-
racy.9 These findings raise questions about the safety of triage 
systems, especially if used to divert the least urgent patients to 
outpatient care.

Although the PedCTAS and ESI v.4 consistently predicted 
hospital admission and resource utilisation in the countries 
where they were developed, the performances in other coun-
tries such as Spain, Iran and Taiwan were lower. This can be 
detected in table 5, where the frequency of the five levels of 
urgency in the study populations of the Canadian and US 
studies were very similar, while in other countries these frequen-
cies were more heterogeneous. We could not determine if this 
heterogeneity was due to actual differences in the characteris-
tics of the study populations or differences in the knowledge 
and training of the healthcare professionals, which may have 
contributed to misclassification and lower performance of the 
instruments in those countries. Indeed, the low methodological 
quality of some studies may have accounted for the inconsistency 
of the outcomes observed. Therefore, caution is necessary when 
applying inferences from studies performed in the countries 
where the triage systems were developed to other countries with 
highly diverse healthcare contexts. A myriad of factors, including 
the morbidity and mortality features of the target population, 
the quality and amount of technical and human resources, the 
professional training and skills, sociocultural factors and health 
policies, among others may play a role.14

ED LOS did not consistently decrease across the five levels 
of urgency in the six studies that analysed this outcome. This 
should not be surprising as less urgent patients have longer 
waiting times,13 while it is important to promptly admit the most 
urgent patients. Furthermore, mean LOS may be distorted by 
aberrant values. The use of this outcome should be avoided in 
future studies.

This review has some limitations. First, almost half of the 
studies were rated low quality, especially those performed in 
countries distant from the country where the triage systems 
were developed. However, as the main triage systems have been 
adopted in many countries around the world, these studies were 
purposely included to give an idea of the amount and quality 
of evidence of the validity of each triage system, and how safe 
it is to generalise the results to other countries. Second, there 
was great heterogeneity among the studies, even those that 
used the same method of validation. Different cut-off points 
and definitions were used to assess outcomes such as hospital-
isation, resource utilisation, ED LOS, sensitivity, specificity, 
undertriage and overtriage rates. These differences precluded 
pooling of the data to give the reader some summarise statistics 
as well as comparing the performance among different triage 
systems. Third, we could not include the reliability assessment of 
triage systems because the review would be too extensive. Good 
reproducibility with high interobserver reliability reinforces the 
validity of the instruments.13

In conclusion, there is some evidence to corroborate the 
validity of the MTS, PedCTAS and ESI v.4 for paediatric emer-
gency care, particularly in or near the countries where these 
instruments were developed. However, further efforts are 
needed to decrease the undertriage rates in the three tools to 
ensure safety. Diligent cross-cultural adaptation and rigorous 
training followed by local validity and reliability studies are 
necessary when adopting these triage systems for paediatric 
emergency care in countries with different socioeconomic 
and cultural context. Finally, consensus on the best methods 
and outcome definitions for validity studies of triage systems 

among experts from different countries would be very useful 
to enable comparison of results.
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