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Abstract
This study is a prospective evaluation of the validity of a Manchester triage system (MTS) modification for detecting
under-triaged pediatric patients with congenital heart disease (CHD). Children with CHD visiting the emergency unit of the
Department of Pediatrics and Adolescent Medicine, University Hospital Vienna in 2014 were included. The MTS modifica-
tion updated the prioritization of patients with complex syndromic diseases, specific symptoms related to chronic diseases,
decreased general condition (DGC), profound language impairment, unknown medical history, or special needs. A four-level
outcome severity index based on diagnostic and therapeutic interventions, admission to hospital, and follow-up strategies
was defined as a reference standard for the correct clinical classification of the MTS urgency level. Of the 19,264 included
children, 940 had CHD. Of this group, 266 fulfilled the inclusion criteria for the modified triage method. The MTS modifica-
tion was significantly more often applied in under-triaged (65.9%) than correctly or over-triaged (25%) children with CHD
(p-value y° test <0.0001, OR 5.848, 95% CI: 3.636-9.6).

Conclusion: The MTS urgency level upgrade modification could reduce under-triage in children with CHD. Applying a
safety strategy concept to the MTS could mitigate under-triage in such a high-risk patient group.

What is Known:

o The Manchester triage system is considered to be valid and reliable but tends to over-triage.

o A study by Seiger et al. showed poor performance in children with chronic illnesses, especially in children with cardiovascular diseases.

What is New:

o The MTS modification with one urgency level upgrade could decrease under-triage in children with congenital heart disease.

o As reference standard a four level outcome severity index (OSI) was established to include diagnostic investigations, medical interventions,
hospital admission or follow up visits in the assessment.
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Abbreviations

C-CHEWS Cardiac Children’s Hospital Early Warning
Score

CHD Congenital heart disease

CI Confidence interval

ICU Intensive care unit

MTS Manchester triage system

OR Odds ratio

OSI Outcome severity index

UL Urgency level

Introduction

Triage systems are essential tools emergency units imple-
ment when at full capacity to safely and promptly manage
patient flow according to clinical priority. The Manchester
triage system (MTS) is a five-level triage algorithm based
on general and symptom-based flowcharts and discrimi-
nators to determine the urgency level (UL) [1]. Each UL
is associated with a maximum waiting time: immediate
(0 min), very urgent (up to 10 min), urgent (up to 60 min),
standard (up to 120 min), and not urgent (up to 240 min)
[2, 3]. In previous studies, reference standards with three
or five classes based on vital signs, diagnosis, diagnostic
and therapeutic interventions, life-threatening conditions,
admission to hospital, and follow-up data were used to
evaluate the MTS in pediatric patients [4—6]. The validity
of the MTS in pediatric emergency care is deemed moderate
with a tendency to over-triage compared. Its sensitivity and
specificity to identify high-urgency patients were 0.63 and
0.79, respectively [4].

Further studies evaluated modifications of the MTS in
pediatric patients [7-9]. Thus, the discriminator “petechiae”
was included to the category “very urgent” in the flowchart
“rashes” to classify pediatric patients suspected to have a
meningococcal infection [7]. In addition, the general dis-
criminator “fever” used as “hot” (7> 38 °C) was downgraded
from MTS UL 2 to MTS UL 3 for children aged > 3 months.
In the study from van Veen et al., age-related modifications
showed low performance in the improvement of the MTS
assessment in children, with a slight increase for the speci-
ficity (0.79 vs. 0.87), but with virtually no change in the
sensitivity (0.63 vs. 0.64) [7]. Also, the implementation of
vital signs (heart rate, respiratory rate, and/or capillary refill
time) in specific flowcharts showed only minimal improve-
ment in the MTS performance [8]. Further adaptations for
specific discriminators with possible misclassification were
performed; for example, the discriminator “wheeze” was
upgraded from MTS UL 4 to MTS UL 3, whereas the dis-
criminator “unable to talk in sentences” was downgraded
from MTS 2 to MTS 3. As a result, these modifications
improved the classification regarding admissions to hospital
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with an increase for very urgent patients and consistent rates
for those with low-risk ULs [9].

To date, studies on the MTS for chronically ill children
have registered poor performances and a higher under-triage
risk in this category [10, 11]. An early warning scoring tool
for inpatient children, known as the Cardiac Children’s Hos-
pital Early Warning Score (C-CHEWS), can detect deterio-
ration and prevent cardiopulmonary arrest [12].

Congenital heart defects account for nearly one-third of
all severe congenital anomalies in Europe, with prevalence
estimates of 8 per 1000 live births [13, 14].

Pediatric patients with CHD seem to be at high risk for
cardiopulmonary insufficiency and rapid deterioration, espe-
cially those with infections or additional underlying condi-
tions. A highly sensitive and specific scoring tool is therefore
crucial for this patient group [11, 12].

Currently, there is no validated emergency unit scoring
system for children with CHD or most other chronic diseases
[11], and high-risk chronic diseases are underrepresented
in the MTS. Only four specific discriminators describe a
chronic disease (cardiac, allergic, respiratory, hematological
history) and one indicates immunosuppression in few flow-
charts (chest pain and palpitations, allergy, collapsed adult,
rashes, shortness of breath in children, unwell baby, unwell
child, urinary problems, and concerned parents) [1-3]. Thus,
it seems necessary for the MTS to integrate first assessment
guidelines for chronically ill patients [11].

Congenital heart defects represent a main focus (1/3 of all
chronic diseases) at the emergency unit of the Department
of Pediatrics and Adolescent Medicine at the Medical Uni-
versity, Vienna. Therefore, a safe and swift approach should
be guaranteed.

This validation study aimed to investigate over-triage,
correct triage, and under-triage in CHD patients, the appli-
cation of well-defined urgency level upgrade criteria, and
compare the reference system to the original MTS levels.

Methods
Study design and study population

This validation study gathered 23,258 patients who visited
the emergency unit of the Department of Pediatrics and
Adolescent Medicine, at the University Hospital Vienna,
from January to December 2014. Self-referred patients up
to 18 years are primarily treated, and approximately 25%
of them present with chronic illnesses including congeni-
tal heart defects, inborn errors of metabolism, nephrology
conditions, gastrointestinal, hepatic, or endocrine disor-
ders, pulmonary, neurological, psychosomatic, or autoim-
mune diseases, and brain tumors, underwent organ trans-
plantation, or are preterm infants.
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Exclusion criteria were age > 18 years (n=74), or no
record of the patient’s MTS urgency level (n=1189), with
missing diagnosis (n=2722), or no information on the
follow-up procedure (n=9). Additionally, the MTS UL
modification was introduced for patients with specific
symptoms related to a chronic disease or other special fea-
tures. The included children (n=19,264) were divided into
two groups, one without (n=15,843) and the other with
chronic diseases (n=3421). The group with congenital
heart disease (CHD) consisted of 940 children (27.5%).
Children with a CHD were categorized according to the
10th version of the International Classification of Diseases
Code (ICD-10) using the EUROCAT (European Registra-
tion of Congenital Abnormalities and Twins) as the refer-
ence for CHD [15]. The children with CHD were sorted
as follows: cyanotic heart defects (corrected/uncorrected/
palliative), acyanotic heart defects (corrected/uncorrected/
partially corrected), acquired heart defects, inflammatory
heart diseases, cardiac insufficiency, cardiomyopathy,
arrhythmia, or heart transplantation.

MTS and modification

Since 2012, the emergency unit of the Department of
Pediatrics and Adolescent Medicine, Medical University
Vienna has been using the 3rd German version of the inter-
national Manchester triage book published as Emergency
Triage by the Manchester Triage Group (3rd edition) [1,
2]. The MTS one-urgency level upgrade modification was
introduced in 2013. The MTS was applied by a pool of 17
triage nurses with a minimum of 3 years of extensive expe-
rience in pediatric emergency and an MTS basic course
certification. In 2013 and 2014, the annual MTS audits
showed 77.9% and 84.0% accuracy, and 11.2% and 5.8%
incompleteness in random samples of 160 and 168 triage
documentations, respectively.

The MTS modification with one-UL upgrade was used
to assess chronically ill children presenting with cyanosis
(oxygen saturation) and heart defects, abdominal exten-
sion or vomiting in gastrointestinal, metabolic, or neuro-
logical diseases, as well as in preterms, and patients with
complexity related to multiple abnormalities. In addition,
the presence of one of the following factors automatically
qualified the patients for the one-UL upgrade: speech dis-
orders, unknown clinical history, decreased general con-
dition (DGC), or special needs (psychiatric disorders or
neurodevelopmental delay).

Data analysis
A four-level outcome severity index (OSI), similar to

existing reference standard classification systems [3-5,
16], was developed to evaluate the validity of the MTS at

the emergency unit of the Department of Pediatrics and
Adolescent Medicine, University Hospital Vienna. The
OSI ranked priority based on diagnostic investigations
(laboratory tests, chest radiography, ultrasonography, elec-
trocardiogram, echocardiography, computed tomography
scan), medical interventions at the emergency unit (e.g.,
intravenous medication or fluid, inhalation, nebulization,
monitoring), hospital admission (intensive care unit (ICU)
or inpatient ward), or a follow-up visit at the outpatient
clinic or pediatrician’s office. Children needing diagnostic
investigations, hospital admission, or life-saving interven-
tions were assigned a higher OSI level and presented with
a more severe illness.

The highest level, OSI 1, was assigned if ICU admis-
sion or life-saving interventions and hospitalization were
required. OSI 2 was indicated in case of hospital admission
or interventions and follow-up at the outpatient clinic. OSI 3
was assigned to patients needing diagnostic investigations or
medical interventions with follow-up at the outpatient clinic
or the pediatrician’s office. The lowest level, OSI 4, implied
that no treatment at the emergency unit was required and
follow-up at the pediatrician’s office was sufficient.

Correct triage was indicated, if the MTS urgency level
(MTS UL) corresponded to the assigned outcome sever-
ity index (OSI); this means MTS UL 1=0SI 1, MTS UL
2=0SI1 or OSI 2, MTS UL 3=0SI 2 or OSI 3, MTS
UL 4=0SI 3 or OSI 4, and MTS UL 5=0SI 4. Matching
the MTS urgency levels (ULs) to the outcome classifica-
tion optimized initial assessment accuracy. Under-triage
occurred when the MTS UL was lower than the assigned
OSI, whereas over-triage occurred when the MTS UL was
higher than the assigned OSL.

Statistical analysis

Absolute and relative frequencies were calculated for each
MTS UL and OSI classifications as well as for the under-
triaged, over-triaged, and correctly triaged patients.

To capture the under-triage decrease rate in CHD patients,
we constructed a frequency table and performed a y° test.

We calculated the absolute and relative frequencies of
original MTS patients, patients with MTS one-level upgrade
modification, and all CHD patients to analyze the CHD
subgroups.

The 4 test was performed to evaluate differences between
MTS original and MTS modification subjects with regard to
the subgroups.

Data collection
Patients’ data were recorded by either manual-data entry or

electronically imported. Data from additional examinations
were registered in the electronic patient information system.
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Only authorized staff had access to the data collection. The
Ethics Committee of the Medical University of Vienna,
Austria approved this study (no. 1405/2014). Data on the
original MTS and clinical procedures were part of a large
international study called TrIAGE, conducted by Henriétte
A. Moll, Department of General Pediatrics, Erasmus MC—
Sophia Children’s Hospital, Rotterdam, CN, Netherlands.
The TrIAGE study included no data on the MTS modifica-
tion, the outcome severity index (OSI), the types of con-
genital heart diseases (Medical Ethics Committee Erasmus
MC (MEC-2013-567)), the Maasstad Ziekenhuis Board of
Directors (Protocol L2013-103), the Joint Research Com-
pliance Office (JRCO), Imperial College London (reference
number: 14SM2164, Ethics Committee Reference Number
14/WA/1051), or the Comissdo de Etica para a Sadde do
Hospital, Prof. Dr. Fernando Fonseca, EPE (Reunido de 06
de Dezembro de 2017).

Results

In total, 3412 children and adolescents with chronic dis-
eases were triaged using the MTS in the pediatric emer-
gency unit from January to December 2014. Of these, 940
(100%) had a congenital heart disease (CHD). Among the
CHD patients, 458 (48,7%) were females. The five age
groups comprised ten newborns (up to 28 days), 221 infants
(> 28 days to< 1 year), 351 toddlers (> 1 year to <4 years),
224 school-aged children (>4 years to < 10 years), and 134
adolescents (> 10 years to < 18 years). With the MTS modi-
fication, 674 patients with CHD remained in the original
MTS UL group, and 266 met clinically relevant criteria for
the one-UL upgrade. Hospitalization was indicated for 167
(17.7%) CHD cases, six of whom had to be admitted to the
intensive care unit.

Fig.1 Urgency levels of MTS
original and MTS modified as
final classification related to
CHD subgroups (n=940)

100 4

Patient count
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Under-triaged patients were 82 (8.7%), and 54 (2/3) were
upgraded; whereas correctly or over-triaged ones were 858
(91.3%), 212 (1/4) were upgraded.

According to the original MTS, nine CHD patients were
assigned the highest MTS UL (UL 1, immediate). Of these,
five had a cyanotic heart disease, three had an uncorrected
acyanotic heart disease, and one had an acyanotic partially
corrected heart disease. For five patients, admission to the
intensive care unit was necessary and four were admitted
to the inpatient ward. The MTS modification correctly up-
triaged two patients with arrhythmia and one with acyanotic
heart disease to MTS 1. Further details about the subgroups
and MTS classification 1-5 (original/modification) are
described in Fig. 1 (MTS original and final categorization).

Among the 266 (100%) CHD subjects requiring upgrade,
three (1.1%) were redistributed to the UL 1 (immediate), 25
(9.4%) to UL 2 (very urgent), 232 (87.2%) to UL 3 (urgent),
and six (2.3%) to UL 4 (standard). Table 1 reports the demo-
graphic data of the cumulative study population and con-
genital heart disease patients.

The three (1.1%) patients upgraded from UL 2 to UL 1
(immediate) needed additional diagnostic tests. One patient
needed acute intervention and admission to the intensive
care unit, another was admitted to the inpatient ward, and the
third could be discharged after self-limitation of a tachyar-
rhythmia, in stable condition and with an immediate follow-
up appointment at the outpatient pediatric cardiac clinic.

Of the 25 (9.4%) patients upgraded from UL 3 (urgent) to
UL 2 (very urgent), 22 (8.2%) needed diagnostic tests, and
12 (4.5%) interventions. Hospital admission was necessary
for 14 patients (5.2%), while 11 (4.1%) could be discharged
and scheduled for a follow-up visit at the pediatrician’s office
(nine patients) or in the outpatient clinic (two patients).

The largest group, 232 patients (87.2%), was upgraded
from UL 4 (standard) to UL 3 (urgent). Diagnostic tests were

Urgency level
1= Immediaie
2= ery urgent
3= Urgent

! I 4= Mormal

| S= Kol urgent

MTS

: .. Orriginal

7

Efﬁ Madifecation

Arrhythmia
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Table 1 Demographic data of the total study population and children
with congenital heart disease

Demographics n (%)
Total study population 19,264 (100)
No chronic disease 15,843 (82.2)
Chronic diseases 3421 (17.8)
Congenital heart disease 940
Other chronic diseases 2481
Congenital heart disease 940 (100)
Sex 458 (48.7)
Female 10 (1.1)
Age distribution 221 (23.5)
Newborn (<28 days) 351 (37.3)
Infant (> 28 days to< 1 year) 224 (23.8)
Toddler (> 1 year to <4 years) 134 (14.3)
Schoolchild (>4 years to < 10 years) 463 (49.3)
Adolescent (> 10 years to < 18 years) 228 (24.3)
Diagnostic examination 4(0.4)
Yes 6 (0.6)
Intervention 161 (17.1)
Yes 99 (10.5)
Life-saving intervention 674 (71.7)
Yes
Follow-up

ICU admission
Hospital admission
Outpatient clinic
Pediatrician

performed on 134 patients (50.4%), 59 needed interventions
(22.2%), and 49 admission to the hospital (18.4%). One

hundred eighty-three patients (68.8%) could be discharged;
of these, 35 (13.2%) were considered for a follow-up visit in
the outpatient clinic, and 148 (55.6%) at the pediatrician’s
office.

Out of 22 patients classified as UL 5 (not urgent), six
(2.3%) were reconsidered as UL 4 (standard). Only one
needed an additional diagnostic examination. All six patients
could be discharged and referred to the pediatrician’s office
for a follow-up visit (Table 2).

The MTS one-UL modification in children with CHD
decreased under-triage by two-thirds, from 82 patients
(8.7%, only original MTS) to 28 (3%; remaining after MTS
modification), and increased over-triage, from 107 patients
(11.4%; only original MTS) to 181 (19.3%; increase after
MTS modification).

The MTS modification proved to be most effective for
children assigned to OSI 2 (n=173) as under-triage rates
plummeted from 73 patients (42.2%) to 20 (11.6%), cor-
rectly triaged went from 96 (55.5%) to 148 (85.6%), whereas
over-triage remained almost constant (four; 2.3% with origi-
nal MTS vs. five; 2.9% with modified MTS). Conversely, the
MTS modification doubled the over-triage cases of patients
assigned to OSI 4 (n=357), from 61 (17.1%) with the origi-
nal MTS to 126 (35.3%) with the modified MTS (Table 2).

It could be shown that pediatric patients with CHD often
need hospital admission or interventions and follow-up at
the outpatient clinic, procedures in agreement with OSI 2.
This means that children with CHD are on a higher risk for

Table 2 Distribution of

Outcome severity index (n)

theManchester triage system MTS Urgency level (n) 0SI 1 0SI2 0SI3 0SI 4 Total
(MTS) urgency level and MTS 1 original 5 4 0 0 9
outcome severity index (O30 MTS 2 original 3 32 4 1 88
or children with congenital O,
heart disease. Stated are the MTS 3 Or%gmal 0 64 93 50 207
numbers of theoriginal MTS MTS 4 orlgmal 0 73 258 283 614
and the MTS modification, the MTS 5 original 0 0 9 13 22
number of one-urgencylevel Total MTS original 8 173 402 357 940
upgrading, and the calculated
value and percent of correct, MTS 1 modification 6 5 1 0 12
over-triage,and under-triage MTS 2 modification 2 46 49 13 110
MTS 3 modification 0 102 199 113 414
MTS 4 modification 0 20 145 223 388
MTS 5 modification 0 0 8 8 16
Total MTS modification 8 173 402 357 940
Upgrade (n) OSI'1 OSI2 OSI3 OSI 4 Total
MTS 2 - MTS 1 1 1 1 0 3
MTS 3 — MTS 2 0 15 8 2 25
MTS 4 — MTS 3 0 53 114 65 232
MTS 5 - MTS 4 0 0 1 5 6
Total 1 69 124 72 266
Original MTS MTS modification

M Under-triage
Correct triage
Over-triage

8.7 % (95% CI1 7-10.71)
79.9 % (95% CI177.19-82.41)  77.8 % (95% CI 74.97-80.39)
11.4 % (95% CI1 9.42-13.59)

3 % (95% CI 1.99-4.28)

19.3 % (95% CI1 16.78-21.92)
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Table 3 Cross table for children with congenital heart disease defined
as under-triage and correct/over-triage related to the original Man-
chester triage system (MTS) and the MTS modification with one-
level upgrading

Children with Original MTS MTS modifica- Sum
congenital heart  n (%) tion with one-level n (%)
disease upgrade
n (%)
Under-triage 28 (3.0) 54 (5.7) 82 (8.7)
(original MTS) 542 (57.6) 209 (22.3) 751
Correct-triage 104 (11,1) 3(0,3) (79.9)
(original MTS) 674 (71.7) 266 (28.3) 107
Over-triage (11.4)
(original MTS) 940 (100)

Sum

OR 5.848 (95% CI: 3.636-9.6); p-value X test <0.0001

clinical deterioration, and if presenting to the ED there is a
higher need for clinical resources.

Under-triaged patients with CHD were more likely to
be upgraded with the MTS modification than correctly
or over-triaged ones [OR 5.767 (95% CI: 3.585-9.465);
p-value y? test <0.0001]. Table 3 shows the detailed data
of patients with congenital heart disease defined as under-
triaged and correctly/over-triaged with reference to the
original Manchester triage system (MTS) and the MTS
one-UL modification.

Table 4 includes a more in-depth analysis of the age
distribution and CHD subgroups. Infants were more often

upgraded by one UL (20.9% (original MTS) to 30.1%
(modified MTS)), while adolescents tended to be assessed
more often with the original MTS (16.8% (original MTS)
to 7.9% (modified MTS)). CHD subgroups comprised
cyanotic heart diseases (corrected/uncorrected/palliative),
acyanotic heart diseases (corrected/uncorrected/partially
corrected), acquired heart defects, inflammatory heart
defects, cardiac insufficiency, cardiomyopathy, arrhythmia,
or heart transplantation.

As expected, children with cyanotic heart defects, even
after palliative heart surgery, or with arrhythmia were
significantly more often upgraded by one UL. In addi-
tion, however, 46% of children with arrhythmias classi-
fied for one-UL upgrade. These patients were significantly
more often upgraded by one UL than those with acyanotic
heart diseases with or without a corrective heart surgery
or spontaneous closure, as shown in Table 4 (p-value y?
test <0.0001). Nevertheless, 28% of children with an acy-
anotic heart disease needed the one-UL upgrade.

Discussion

The Manchester triage system is a valid and reliable triage
tool in pediatric emergency units but tends to over-triage
[4—6]. As the assessment of chronically ill children piv-
ots on safety and reliability, the need for validated triage
systems for this patient group is of utmost importance

Table 4 Cross table with age and subgroup for children with congenital heart disease compared the original Manchester triage system (MTS) to

the MTS modification with one-level upgrading

Children with congenital heart disease Original MTS n=674 (%) MTS modification with one-level upgrade Total
n=266 (%) n=940 (%)
Age distribution (mean) 4.26 (SD+4.8) 2.98 (SD+3.7) 3.92 (SD+4.6)
Newborn (<28 days old) 8(1.2) 2(0.8) 10 (1.1)
Infant (>28 days old to< 1 y.0.) 141 (20.9) 80 (30.1) 221 (23.5)
Toddler (>1 y.o. to<4 y.0.) 251 (37.2) 100 (37.6) 351 (37.3)
School kid (>4 y.o. to<10 y.0.) 161 (23.9) 63 (23.7) 224 (23.8)
Adolescent (>10 y.o. to< 18 y.0.) 113 (16.8) 21(7.9) 134 (14.3)
CHD subgroup 8(1.2) 8(3.0) 16 (1.7)
Cyanotic heart disease 61 (9.0) 32 (12.0) 93 (9.9)
Cyanotic corrected surgery 26 (3.9) 28 (10.5) 54 (5.7)
Cyanotic palliative surgery 310 (46.0) 123 (46.2) 433 (46.1)
Acyanotic heart disease 99 (14.7) 16 (6.0) 115 (12.2)
Acyanotic corrected surgery 43 (6.4) 8 (3.0) 51(54)
Acyanotic partially corrected 20 (3.0) 2(0.8) 22 (2.3)
Spontaneous closure 31 (4.6) 26 (9.8) 57 (6.1)
Arrhythmia 12 (1.8) 3(1.1) 15 (1.6)
Cardiomyopathy 23 (3.4) 3(L.D) 26 (2.8)
Acquired heart disease 1(0.1) 0(0) 1(0.1)
Inflammatory heart disease 9(1.3) 3(1.1) 12 (1.3)
Heart transplantation 1(0.1) 1(0.4) 2(0.2)
Cardiac insufficiency 5(0.7) 0(0) 5(0.5)
Ablation 25 (3.7) 13(4.9) 38 (4.0)
Others

p-value X test <0.0001
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[10-12]. Seiger et al. proved that children with a chronic
heart disease had a higher risk for under-triage (24.9%)
than children without (11%) [11].

Adaptations of the triage system for certain vulnerable
pediatric patients with regard to specific chronic diseases,
clinically relevant criteria, or other special features seem
to be a practical approach to prevent under-triage and
increase correct triage, especially in children with CHD
[8, 17]. Therefore, the pediatric emergency unit of the
Department of Pediatrics and Adolescent Medicine, Uni-
versity Hospital Vienna adopted the MTS one-urgency
level upgrade modification. This study could confirm that
under-triage is a common problem in children with chronic
diseases, especially congenital heart diseases [10, 11]. Our
findings estimated the original MTS under-triage at 8.7%
among children and adolescents with CHD, and revealed
a reduction to 3% when implementing the MTS one-UL
upgrade modification to assess patients with defined clini-
cally relevant criteria or other special features (Table 3).

We can conclude that pediatric patients with CHD visit-
ing the ED are at higher risk for clinical deterioration and
therefore avoiding under-triage is essential. Under-triage
means longer waiting time, for medical resources and clini-
cal stabilization. MTS upgrading for symptoms of cyanosis
or reduced general condition seems to be crucial in CHD.

The four-level outcome severity index (OSI) was devel-
oped as a reference standard for the correct triage, under-
triage, and over-triage, and comprised additional clinical
examinations and interventions, hospital admission, or
outpatient follow-up. Under-triage was most frequent in
patients who met the OSI 2 priority criteria and had to
be re-triaged from the original MTS UL 4 to MTS UL
3. We observed that over-triage increased from 11.4 to
19.3% in the effort to prevent under-triage in children with
CHD (Table 2). Ultimately, while avoiding under-triage
remains a significant concern as a predictor of clinical
deterioration, a slight increase in over-triage is inevitable.
Therefore, patient safety and immediate initiation of treat-
ment especially for children with cyanotic heart defects
and arrhythmias are crucial to patient outcomes.

Zachariasse et al. proved that children aged < 3 months
had the highest risk for under-triage (OR 2.87; 95% CI
2.00-4.10) [10]. The present study produced comparable
evidence in newborns and infants with CHD but the modi-
fied MTS (20.9% from original MTS to 30.1% with MTS
modification) was more often utilized in this group than
in older children and adolescents. This strategy reduced or
prevented under-triage in such a vulnerable cohort. Addi-
tionally, since chronically ill children appear to be under-
represented in the MTS flowcharts, chronic illnesses and
clinically relevant criteria and features should be acknowl-
edged in the triage assessment to improve patient safety
and minimize under-triage. Limitations of this study may

be the limited number (n =266) of patients with CHD and
MTS one-UL upgrade modification. A larger sample size
would generate more accurate results and more precise sta-
tistical analysis of the CHD subgroups including cyanotic
heart disease, acyanotic heart disease, arrhythmia, and
other cardiac diseases.

Conclusion

Children with CHD visiting the ED are more vulnerable
for clinical deterioration and life-threatening events than
previously healthy children. This fact should be taken into
account at the MTS classification to improve clinical out-
come in CHD.

The most evident effect to avoid under-triage was shown
in patients with cyanotic heart disease or arrhythmias and in
newborns and infants with CHD, who must be considered at
particular health risk.

Limitations and perspectives

A limitation of this study may be the limited number
(n=266) of patients with a wide spectrum of CHD with
need for MTS one-UL upgrade modification.

For a larger sample size, multicenter studies can be
required, but our results present the first data based on the
MTS modification with one-level upgrading at our pediatric
emergency unit and could show the reduction of under-triage
in patients with CHD.

Ultimately, avoiding under-triage is the main focus for
chronic ill patients and therefore it seems tolerable that a
slight increase of over-triage occurs. For confirmation of this
statement, further studies may be indicated.
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