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Abstract

Background: Assessment and treatment of the acutely ill patient have improved by introducing systematic
assessment and accelerated protocols for specific patient groups. Triage systems are widely used, but few studies
have investigated the ability of the triage systems in predicting outcome in the unselected acute population. The
aim of this study was to quantify the association between the main component of the Hillerød Acute Process
Triage (HAPT) system and the outcome measures; Admission to Intensive Care Unit (ICU) and in-hospital mortality,
and to identify the vital signs, scored and categorized at admission, that are most strongly associated with the
outcome measures.

Methods: The HAPT system is a minor modification of the Swedish Adaptive Process Triage (ADAPT) and ranks
patients into five level colour-coded triage categories. Each patient is assigned a triage category for the two main
descriptors; vital signs, Tvitals, and presenting complaint, Tcomplaint. The more urgent of the two determines the final
triage category, Tfinal. We retrieved 6279 unique adult patients admitted through the Emergency Department (ED)
from the Acute Admission Database. We performed regression analysis to evaluate the association between the
covariates and the outcome measures.

Results: The covariates, Tvitals, Tcomplaint and Tfinal were all significantly associated with ICU admission and in-
hospital mortality, the odds increasing with the urgency of the triage category. The vital signs best predicting in-
hospital mortality were saturation of peripheral oxygen (SpO2), respiratory rate (RR), systolic blood pressure (BP) and
Glasgow Coma Score (GCS). Not only the type, but also the number of abnormal vital signs, were predictive for
adverse outcome. The presenting complaints associated with the highest in-hospital mortality were ‘dyspnoea’
(11.5%) and ‘altered level of consciousness’ (10.6%). More than half of the patients had a Tcomplaint more urgent
than Tvitals, the opposite was true in just 6% of the patients.

Conclusion: The HAPT system is valid in terms of predicting in-hospital mortality and ICU admission in the adult
acute population. Abnormal vital signs are strongly associated with adverse outcome, while including the
presenting complaint in the triage model may result in over-triage.
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Background
Emergency Departments (ED) are high-pressure health
care settings, that experience a high number of visits.
Overcrowding is an increasing global problem [1], and
triage is a central process in prioritizing, when the
resources are limited. This process is complex, and sev-
eral triage scales have been designed to guide the clini-
cian in prioritizing the patients, first in Australia, United
Kingdom and Canada [2-4], and recently also in Sweden
[5,6] and Denmark [7,8]. Most triage systems now oper-
ate with a five level colour-coded triage scale, where the
patients are triaged after urgency from red (most
urgent), through orange, yellow and green (not urgent)
to blue (minor injuries). The assigned triage category is
based on the vital signs and - in some of the systems -
also on a presenting complaint algorithm [4,5,7]. Farrho-
knia et al. have investigated the validity and reliability of
the different triage scales in a systematic review [9].
They concluded that the scales used in the ED are sup-
ported by limited and often insufficient evidence.
Furthermore there is a lack of studies investigating the
ability of individual vital signs and presenting com-
plaints to predict outcome in the group of acute ill
patients admitted to the ED.
The aim of this study was
1) to quantify the association between the main com-

ponents of the Hillerød Acute Triage (HAPT) triage sys-
tem and the outcome measures; admission to Intensive
Care Unit (ICU) and in-hospital mortality for patients
admitted acutely through the ED.
2) to evaluate which vital signs, scored and categorized

at admission that are most strongly associated with ICU
admission and in-hospital mortality.

Methods
We retrieved 6279 unique patients from the Acute
Admission Database in the period September 22, 2009
to February 28, 2010. Inclusion criteria were all
patients aged more than 16 years admitted through the
ED, either to the ED observationary unit or to a gen-
eral ward. The cohort consisted of all patient referred
from primary physicians, ambulance brought patients
and self-referrals, who were admitted by the physician
in charge after being triaged. Patients who fulfilled the
criteria; 1) minor and isolated injury, 2) clinically unaf-
fected, 3) no severe co-morbidity (e.g. diabetes), and 4)
duration of symptoms less than 48 hours, were triaged
as blue and excluded from the database, as they were
not admitted to the ED or a general ward. Patients
admitted on more than one occasion during the study
period were only represented by the latest admission
(Figure 1). Data included the initial assessment upon
arrival, i.e. time and date, vital signs, presenting

complaints and triage category. Furthermore we
retrieved defined outcome measures; admission to ICU
and in-hospital mortality. The formation and content
of the Acute Admission Database is described in more
detail by Barfod et al. [10]. Hillerød hospital is a 24-
hour acute care hospital offering emergency, level-2
trauma, medical, surgical, and intensive care services
for 310.000 citizens in North Zealand, Denmark. The
ED has approximately 50.000 annual contacts. The
triage system used at Hillerød Hospital is an adapta-
tion of the Swedish Adaptive Process Triage (ADAPT)
[5,6] and widely used in Denmark [8]. The system
ranks patients into five colour-coded triage categories,
consisting of red (immediate resuscitation, re-evalua-
tion every 0 minutes (min)), orange (emergent, re-eva-
luation every 10 min), yellow (urgent, re-evaluation
every 60 min), green (non-urgent, re-evaluation every
180 min) and blue (minor injuries or complaints, re-
evaluation every 240 min). Each patient is assigned a
triage category for the two main descriptors 1) Vital
signs, Tvitals, and 2) Presenting complaint, Tcomplaint.
Tvitals is determined by scoring the vital signs accord-
ing to Figure 2. The most abnormal vital signs define
the Tvitals category. Tcomplaint is determined by choos-
ing an algorithm matching the patients presenting
complaint, e.g. chest pain, and then follow the algo-
rithm to define the colour-coded triage category (Fig-
ure 3). The more urgent of Tvitals or Tcomplaint

determines the final colour-coded triage category,
Tfinal, which in turn determines the level of patient
observation and treatment.
The covariates retrieved for the current study were:
• Age.
• Gender.
• Time for contact; morning (08.00-15.59 hours), eve-

ning (16.00-23.59 hours), night (00.00-07.59 hours)
• Weekday (week-end versus week-day)
• Vital signs: SpO2, RR, systolic BP, heart rate (HR)

and GCS. The vital signs were categorized according to
the vital signs triage category, Tvitals (Figure 2).
• Presenting complaint: Presenting complaint algo-

rithms and the associated triage level, Tcomplaint. An
example of a presenting complaint algorithm for chest
pain is shown in Figure 3.
• Final triage level, Tfinal.
Outcome measures were
• Admission to ICU
• In-hospital mortality, i.e. mortality within the dura-

tion of the actual admission
The study was approved by The Danish National

Committee on Biomedical Research Ethics, J.nr. H-A-
2009-006, and the Danish Data Protection Agency,
Copenhagen, J.nr. HIH 2009-2 Akutdatabasen.
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Statistical analysis
We analyzed the association between the main compo-
nents of the triage system and the two endpoints; ICU
admission and in-hospital mortality in a univariate
regression analysis including the covariates: Tvitals, Tcom-

plaint and Tfinal. Furthermore, we analyzed vital signs,
categorized according to the triage model, as well as the
effect of age, gender, time and weekday in a univariate
regression analysis. Multivariate logistic regression

analysis was then performed, including all significant
covariates from the univariate regression analyses. We
performed backward stepwise regression to identify the
final model. Analyses of the interaction of the first order
were performed between the covariates included in the
multivariate model, and model control was performed
by using the Hosmer and Lemeshow goodness-of-fit
test. For evaluation of the agreement between the cate-
gorical classification of Tvitals and Tcomplaint, the

7.925
records 

7.849 
records 

20.409 
records 

12.484 records not admitted 
were excluded 

76 records of children < 16 years 
were excluded 

277 records not having a triage 
form were excluded 

7.572
records 

1246 records of triage other than 
the latest for each patient were 
excluded 

6.326 
unique records 

triaged 
47 records of triage without data 
in the primary triage round were 
excluded 

6.279 
unique records 

with primary 
triage 

Figure 1 Selection of the study cohort. Patient records were excluded as explained in the figure. The final cohort included 6279 patients,
representing the latest admission for every patient having a primary triage performed in the study period.
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weighted kappa value was estimated. The prevalence
and pattern for missing values among the covariates
were described. P < 0.05 was regarded as statistically sig-
nificant. This study has been presented according to the
Strengthening the Reporting of Observational Studies in
Epidemiology statement [11].

Results
Baseline characteristics, Tfinal and vital signs for all
patients are displayed in Table 1. Temperature measure-
ments were excluded, as they were not an established
part of the triage system at the time of data retrieval.
The majority of patients (75%) had vital signs within the
defined normal range, while 25% had one or more
abnormal vital signs. The most common abnormal vital
signs in the cohort were SpO2 (9.2%), GCS (6.6%) and

RR (4.8%). The most common presenting complaint
algorithms and those associated with the highest in-hos-
pital mortality rates are shown in Table 2. Of the 15
presenting complaints associated with the highest mor-
tality rates, 5 followed the algorithm ‘abdominal com-
plaint’ and 4 followed the algorithm ‘neurological
complaint’. In 5.7% of the patients, the primary triage
resulted in the score of ‘no adequate presenting com-
plaint algorithm’. Many patients (21%) only had a main
presenting complaint assigned, e.g. abdominal complaint
without specification, and could therefore not receive a
colour-coding for the presenting complaint. In 6.0% of
the patients, a presenting complaint assessment was
missing.
The 15 most common presenting complaints and the

presenting complaints associated with the highest in-
hospital mortality. Categories in italics are subcategories
of a main category, while categories in plain text are
one of the 29 algorithms for presenting compliant. ns:
non specified. * neither categorized as chest pain nor
syncope.
The main components of the triage system; Tvitals,

Tcomplaint and Tfinal were all significantly associated with
ICU admission and in-hospital mortality in a univariate
regression analysis.
For all three covariates, the odds increased substan-

tially with the urgency of the triage category (Table 3).
A multivariate analysis including the significant covari-
ates from the univariate analysis, demonstrated Tvitals as
being the strongest predictor for in-hospital mortality,
while Tcomplaint was excluded due to lack of significance
(Table 4). Table 5 illustrates the agreement between Tvi-

tals and Tcomplaint in determining Tfinal. The distribution
of the patients is asymmetric; more patients are located
above than below the diagonal of the table. This means,
that patients are assigned a higher (more severe) triage
category due to the presenting complaint than the cor-
responding vital signs. In 52.3% of the patients, Tfinal

was determined by the presenting complaint, and in just
6%, Tfinal was determined by the vital signs. Agreement
in the colour-coding was seen in 41.5%. A weighted
kappa value of 0.20 (0.18-0.22) supports a poor agree-
ment between the two covariates.
To further elucidate the impact of Tvitals on outcome,

we analyzed the association between the categories of
individual vital signs according to the triage model and
the defined outcome measures. All significant covariates
identified in the univariate analysis were included in a
subsequent multivariate analysis, identifying age and the
categorical variables; SpO2, RR, systolic BP and GCS as
independent risk factors for in-hospital mortality (Table
6). With respect to ICU admission, age, SpO2, HR and
GCS were independent risk factors. There were no sig-
nificant interactions of first degree between the

1 2 Orange
Urgent (15min)

Red 
Resuscitation (0min) 3 Yellow

Less urgent (60min) 4 Green
Not urgent (180min)

A Obstructed airway
Stridor

Threatened airway

B SpO2 < 80
RR > 35 or < 8

SpO2: 80-89
RR: 31 - 35

SpO2: 90-94
RR: 26 - 30

SpO2 95 
RR: 8 – 25

C
HR > 130
BPsys < 80 

HR: 121 – 130
HR < 40
BTsys: 80 – 89

HR: 111 – 120
HR: 40 - 49

HR: 50 – 110

D
GCS  8 GCS: 9 – 13 GCS = 14 GCS = 15

E
Tp > 40
Tp < 32

Tp: 38.1 – 40.0
Tp: 32 – 34

Tp: 34.1 – 38.0

Figure 2 Vital signs defining the colour-coded triage, Tvitals. RR:
respiratory rate; SpO2: saturation of peripheral oxygen (pulse
oxymetry); HR: heart rate; GCS: Glasgow Coma Score; Tp:
temperature; ICU: Intensive Care Unit.

1 2 Orange
Urgent (15min)

Red
Resuscitation (0min) 3Yellow

Less urgent (60min) 4Green
Not urgent(180min)

ECG changes? Lifethreatening High risk Low risk Minor/normal

Ongoing
chest pain ?

Very severe 
( VAS 10)

Severe
(VAS 6-9)

Moderate
(VAS 1-5)

No pain

Chest pain within 
the last 24 hours?

Ischemic type Non-ischemic 
type 

Dyspnoea on 
exertion? Very severe Severe None

Servere co-
morbidity

Yes No

Figure 3 Presenting complaint algorithm; chest pain. ECG:
Electrocardiography; VAS: Visual Analog Scale. Definitions of the
terms used in the figure, e.g. ‘ECG changes’, ‘chest pain of cardiac
origin’,’functional dyspnoea’ and ‘risk patients’ are found in the
triage manual [7].
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Table 1 Patient characteristics

ICU admission In-hospital mortality Missing

ICU no ICU Dead Alive Total of total

All patients 102 6177 107 6172 6279

Categorical Covariates

Gender

Male 57 (55.9) 2974 (48.1) 56 (52.3) 2975 (48.2) 3031 (48.3) 0 (0)

Female 45 (44.1) 3203 (51.9) 51 (47.7) 3197 (51.8) 3248 (51.7)

Tfinal

Red 30 (29.4) 248 (4.0) 31 (29.0) 247 (4.0) 278 (4.4) 0 (0)

Orange 40 (39.2) 1544 (25.0) 36 (33.6) 1548 (25.1) 1584 (25.2)

Yellow 26 (25.5) 2401 (38.9) 30 (28.0) 2397 (38.8) 2427 (38.7)

Green 6 (5.9) 1984 (32.1) 10 (9.3) 1980 (32.1) 1990 (31.7)

SpO2 (%)

95-100 69 (73.4) 5440 (90.8) 64 (65.3) 5445 (90.9) 5509 (87.7) 191 (3.0)

90-94 13 (13.8) 429 (7.2) 19 (19.4) 423 (7.1) 442 (7.0)

80-89 11 (11.7) 108 (1.8) 12 (12.2) 107 (1.8) 119 (1.9)

< 80 1 (1.1) 17 (0.3) 3 (3.1) 15 (0.3) 18 (0.3)

RR (min-1)

> 35 3 (3.4) 35 (0.6) 4 (4.4) 34 (0.6) 38 (0.6) 785 (12.5)

31-35 4 (4.6) 49 (0.9) 6 (6.6) 47 (0.9) 53 (0.8)

26-30 11 (12.6) 204 (3.8) 12 (13.2) 203 (3.8) 215 (3.4)

8-25 68 (78.2) 5119 (94.7) 69 (75.8) 5118 (94.7) 5187 (82.6)

< 8 1 (1.1) 1 (0.0) 1 (0.0)

BP (mmHg)

90- 93 (97.9) 6008 (99.1) 93 (90.3) 6008 (99.2) 6101 (97.2) 120 (1.9)

80-89 2 (2.1) 36 (0.6) 6 (5.8) 32 (0.5) 38 (0.6)

< 80 0 (0.0) 20 (0.3) 4 (3.9) 16 (0.3) 20 (0.3)

HR (min-1)

> 130 9 (9.6) 111 (1.8) 4 (3.9) 116 (1.9) 120 (1.9) 126 (2.0)

121-130 12 (12.8) 111 (1.8) 6 (5.8) 117 (1.9) 123 (2.0)

111-120 11 (11.7) 261 (4.3) 7 (6.8) 265 (4.4) 272 (4.3)

50-110 60 (63.8) 5510 (90.9) 83 (80.6) 5487 (90.7) 5570 (88.7)

40-49 1 (1.1) 56 (0.9) 2 (1.9) 55 (0.9) 57 (0.9)

< 40 1 (1.1) 10 (0.2) 1 (1.0) 10 (0.2) 11 (0.2)

GCS

15 65 (73.0) 5472 (93.3) 63 (67.0) 5474 (93.4) 5537 (88.2) 327 (5.2)

14 9 (10.1) 209 (3.6) 10 (10.6) 208 (3.6) 218 (3.5)

9-13 5 (5.6) 136 (2.3) 7 (7.4) 134 (2.3) 141 (2.2)

≤ 8 10 (11.2) 46 (0.8) 14 (14.9) 42 (0.7) 56 (0.9)

Admission day

weekend 24 (25.3) 1416 (23.9) 21 (20.6) 1419 (23.9) 1440 (22.9) 247 (3.9)

weekday 71 (74.7) 4521 (76.1) 81 (79.4) 4511 (76.1) 4592 (73.1)

Admission time

day 41 (43.2) 3163 (53.3) 61 (59.8) 3143 (53.0) 3204 (51.0) 247 (3.9)

evening 33 (34.7) 1932 (32.5) 30 (29.4) 1935 (32.6) 1965 (31.3)

night 21 (22.1) 842 (14.2) 11 (10.8) 852 (14.4) 863 (13.7)

Continuous covariates

Age 67 (17-93) 62 (16-108) 77 (29-99) 62 (16-108)

The table shows number of patients. The figures in parentheses are the column percentages within each categorical covariate. For continuous covariates median
and range are presented

ICU: intensive care unit; SpO2 : saturation of peripheral oxygen; RR: respiratory rate; BP: systolic blood pressure; HR: heart rate; GCS: Glasgow Coma Score;
Admission time: day = 08.00-1559 hours; evening = 16.00-23.59 hours; night = 00.00-07.59 hours
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multivariate significant covariates concerning in-hospital
mortality and admission to ICU. Our model testing indi-
cates a robust multivariate model. Not only the type, but
also the number of abnormal vital signs were strong
predictors for in-hospital mortality and admission to
ICU. Odds Ratios (OR) increased depending on the
number of abnormal vital signs in the primary triage
round (Table 7).

Discussion
We have demonstrated the triage system and categories
used as being valid in terms of predicting in-hospital
mortality and ICU admission. The vital sign categories
were strongly associated with adverse outcome, espe-
cially impaired GCS, RR and SpO2. The number of
abnormal signs as well as the level of abnormality were
important.

By including the presenting complaint triage category,
the Tfinal was up-graded in more than half of the
patients. Hereby, the association between mortality and
Tfinal declined in comparison with a triage model only
based on vital signs. However, in a clinical context it
may be preferable to choose a high sensitivity at the
expense of a low specificity. By including the presenting
complaints in the model, priority is given to a patient
with a potentially serious, although rare condition, who

Table 2 Presenting complaints

Table 2.a. Most common presenting complaint

N N (%) Mortality

Abdominal complaint 1265 20.1 3.1

Abdominal pain 768 12.2 2.5

Chest pain 611 9.8 1.5

Dyspnoea 565 9.0 7.3

Neurological 507 8.1 2.4

Fever/unspecified infection 427 6.8 1.4

No adequate category 360 5.7 5.0

Extremity swelling/pain 339 5.4 0.3

Cardiac complaints* 246 3.9 2.8

Syncope 219 3.5 0.5

Extremity injury 206 3.3 0.0

Abnormal lab values 154 2.5 3.2

Hip fracture 151 2.4 0.1

Neck/back pain 147 2.3 0.7

Headache 141 2.3 0.0

Table 2.b. Presenting complaints rated after mortality

N N (%) Mortality

Dyspnoea, ns 113 1.8 11.5

Altered level of consciousness 94 1.5 10.6

Aphasia 64 1.0 7.8

Vomiting blood 74 1.2 6.8

No relevant category 360 5.7 5.0

Cough 50 0.8 4.0

Abdominal complaints, ns 108 1.7 3.7

Blood in stool/melaena 137 1.8 3.6

Hypertension 55 1.9 3.6

Abnormal lab values 154 1.10 3.2

Diarrhoea 64 1.11 3.1

Neurological symptoms, ns 101 1.12 3.0

Anaemia 70 1.13 2.9

Unilateral extremity weakness 102 1.14 2.9

Vomiting 72 1.15 2.8

Table 3 Univariate analysis of the association between
triage category and admission to ICU and in-hospital
mortality

Total ICU In-hospital mortality

n OR (95%CI) OR (95% CI)

Tvitals

Red 169 38.6** (20.9-71.4) 20.1** (11.4-35.5)

Orange 568 10.9** (6.0-19.7) 3.9** (2.3-6.8)

Yellow 1284 4.3** (2.4-7.8) 2.2# (1.3-3.8)

Green 4140 1.0 1.0

Missing 118 (1.9%)

Tcomplaint

Red 133 27.3** (8.8-84.9) 13.2** (5.0-34.6)

Orange 1290 5.0* (1.8-14.5) 4.6** (2.0-10.2)

Yellow 2043 3.1# (1.1-8.8) 2.2 (1.0-5.0)

Green 1028 1.0 1.0

No category 1408 7.1** (2.5-20.0) 6.0** (2.7-13.3)

Missing 377 (6.0%)

Tfinal

Red 272 40.3** (16.6-97.7) 24.0** (14.8-38.8)

Orange 1590 8.5** (3.6-20.2) 8.0** (5.2-12.3)

Yellow 2415 3.5** (1.5-8.7) 2.8** (1.8-4.4)

Green 2002 1.0 1.0

Missing 0 (0.0%)

ICU: Intensive Care Unit; SpO2 : saturation of peripheral oxygen; RR: respiratory
rate; BP: systolic blood pressure; HR: heart rate; GCS: Glasgow Coma Score; OR:
odds ratio; CI: confidence interval; Tvitals : Triage category determined by vital
signs; Tcomplaint : Triage category determined by presenting complaint
algorithm. Tfinal : final triage category.

** P < 0.0001, * P < 0.001, # P < 0.05

Table 4 The multivariate association between triage
categories and in-hospital mortality

OR (95% CI) P

Tvitals Red 6.57 (2.25-19.17) < 0.001

Orange 6.69 (3.29-13.58) < 0.0001

Yellow 2.98 (1.31-5.45) < 0.001

Green 1.0

Tfinal Red 5.43 (1.68-17.52) < 0.005

Orange 1.49 (0.62-3.56) ns

Yellow 1.34 (0.86-3.08) ns

Green 1.0

Tvitals : Triage category determined by vital signs

Tcomplaint: Triage category determined by presenting complaint algorithm

OR: odds ratio; CI: confidence interval
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might present with normal vital signs. As an example, a
very low proportion of patients with sudden, severe
headache are diagnosed with a subarachnoid

haemorrhage. These patients most often present with
Tvitals in green category (normal vital signs) but the pre-
senting complaint results in orange category for Tcom-

plaint and subsequently for Tfinal.
In the triage model used, the greater the discrepancy

from normal vital signs, the more urgent the triage cate-
gory. For instance a patient with GCS 14 is assigned yel-
low triage category while a patient with GCS 7 is
assigned red triage category. However, our results show
that not only the grade of deviation from normality mat-
ters, but also the number and type of deviating vital
signs should be taken into account, when risk assessing
the patients. This finding favours triage systems using a
score depending on the number of deviations like the
Early Warning Score [12], Rapid Acute Physiology
Score, [13] and the modified version for ED, Rapid
Emergency Medicine Score REMS [14]. We found
abnormal RR, SpO2 and GCS to be significant risk

Table 5 Agreement between Tvitals and Tcomplaint

Tvitals

Tcomplaint Red Orange Yellow Green Total

Red 38 9 7 57 111

Orange 31 270 206 780 1287

Yellow 20 99 645 1283 2047

Green 7 18 98 907 1030

Total 96 396 956 3027 4475

Tvitals: Triage category determined by vital signs

Tcomplaint: Triage category determined by presenting complaint algorithm

The table illustrates complete cases, i.e. where both Tvitals and Tcomplaint were
colour coded. A total of 1342 (21%) patients did have a presenting complaint
assigned, but no colour coding due to insufficient information. Tcomplaint was
missing in 370 (5.9%) patients, while Tvitals were missing in 118 (1.9%)
patients.

Table 6 Univariate association and multivariate model for prediction of ICU admission and in-hospital mortality

Univariate association Multivariate model

Admission to ICU In-hospital mortality Admission to ICU In-hospital mortality

OR CI P OR CI P OR CI P OR CI P

SpO2 (%)

95-100 Reference 1.0 Reference Reference

90-94 2.35 1.31-4.20 < 0.01 4.78 3.17-7.22 < 0.0001 1.49 0.79-2.82 0.21 2.79 1.73-4.52 < 0.0001

80-89 7.49 3.86-14.51 < 0.0001 13.00 7.77-21.79 < 0.0001 3.76 1.78-7.96 0.001 3.73 1.89-7.37 < 0.0001

< 80 8.42 1.88-36.17 < 0.01 20.44 7.27-57.47 < 0.0001 5.48 1.16-25.84 0.03 9.01 2.18-37.26 0.002

RR (min-1)

8-25 Reference 1.0 Reference

26-30 3.76 1.97-7,20 < 0.0001 4.26 2.50-7.26 < 0.0001 1.89 0.10-3.58 0.052

31-35 5.92 2.08-16.87 < 0.001 10.55 5.01-22.21 < 0.0001 4.96 2.00-12.25 0.001

> 35 9.11 3.49-23.80 < 0.0001 14.82 7.13-30.82 < 0.0001 6.41 2.59-15.89 < 0.0001

BP (mmHg)

90- Reference 1.0 Reference

80-89 4.97 1.50-16.38 < 0.01 12.26 5.73-26.4 < 0.0001 5.07 1.69-15.16 0.004

< 80 3.22 0.43-24.32 0.26 10.56 3.49-31.99 < 0.0001 3.87 0.73-20.71 0.113

HR (min-1)

< 40 6.51 0.84-50.50 0.07 3.46 0.45-26.65 0.23

40-49 1.41 0.20-10.33 0.74 2.32 0.72-7.53 0.16 2.2 0.51-9.41 0.29

50-110 Reference 1.0 Reference

111-120 3.83 2.05-7.18 < 0.0001 2.03 1.11-3.73 0.02 3.19 1.62-6.29 0.001

121-130 8.91 4.68-16.95 < 0.0001 3.88 1.98-7.58 < 0.0001 6.17 3.51-10.83 < 0.0001

> 130 8.14 4.07-16.28 < 0.0001 2.50 1.08-5.80 0.033

GCS

15 Reference 1.0 Reference Reference

14 3.57 1.82-7.00 < 0.0001 3.33 1.80-6.16 < 0.0001 2.77 1.32-5.75 0.006 1.56 0.73-3.39 0.253

9-13 2.02 0.73-5.61 0.18 6.32 3.57-11.18 < 0.0001 1.29 0.45-3.71 0.63 3.72 1.97-7.03 < 0.0001

< 8 5.21 5.24-24.91 < 0.0001 24.60 13.65-44.36 < 0.0001 4.93 1.29-12.64 0.001 10.97 4.90-24.56 < 0.0001

Age (yrs) 1.02 1.01-1.03 < 0.002 1.06 1.04-1.07 < 0.0001 1.01 1.00-1.02 0.048 1.05 1.03-1.06 < 0.0001

ICU: Intensive Care Unit, SpO2 : saturation of peripheral oxygen, RR: respiratory rate, BP: systolic blood pressure, HR: heart rate, GCS: Glasgow Coma Score

Reference: SpO2 = 95-100; RR = 8-25; BP > 90; HR 50-110; GCS = 15

Age is expressed as continuous covariate. The OR at e.g. 1.02 represents the increased risk of ICU admission being 1 year older
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factors associated with adverse outcome. This is in
accordance with a study by Olsson et al. [14], finding
RR, coma and SpO2 to be significant covariates in a
multivariate model for in-hospital mortality.
In our analysis, age was independently and signifi-

cantly associated with outcome. Therefore age may be
considered included in our future triage system, which
already is the case for some other triage systems (e.g.
Medical Emergency Triage and Treatment System,
METTS [15]). We also found dyspnoea to be a common
presenting complaint associated with high mortality.
This is supported by our analysis, demonstrating abnor-
mal RR and SpO2 to be strongly associated with adverse
outcome.
There is no international consensus about which out-

come variables should be used when evaluating different
triage systems [16]. In a recent and extensive review of
the literature about the evidence for using different
triage scales, admission to hospital and mortality were
used as proxy variables [9]. As all our patients were
admitted to hospital, we chose ICU admission and in-
hospital mortality as our outcome measures. Other end-
point may be of interest e.g. emergent operation, stroke
or acute myocardial infarction, but none of these were
evaluated in this study.
Neurological complaints were common and especially

impaired consciousness and focal neurological signs were
associated with high in-hospital mortality. More surpris-
ingly perhaps, also gastro-intestinal complaints, especially
vomiting of blood, melaena and diarrhoea were associated
with high in-hospital mortality. Abdominal complaints (as
a main group) accounted for 20.1% of the contacts and the
group had an in-hospital mortality rate of 3.1%. In con-
trast, ‘chest pain’, although a common presenting com-
plaint (9.8%), had a much lower in-hospital mortality rate
in the present cohort (1.5%).
A major strength of the study is the prospective

design and the inclusion of a large sample of consecu-
tively retrieved, non-selected cohort of adult, acutely ill

patients admitted to ED. All data were retrieved from
the Acute Admission Database, minimizing risk of
errors in data retrieval from separate databases.
There are several limitations in the present study. First

of all the data do not include paediatric patients and highly
specialized patients (i.e. neurosurgical, cardiovascular and
major trauma) as these latter patients preferentially are
admitted to highly specialized departments in other hospi-
tals. Therefore the patients categorized in red triage cate-
gory in our study are possibly not as ill as the highly
specialized patients, that are transferred, and the difference
between triage groups could therefore theoretically be
even more pronounced, than we were able to show.
A further limitation is the missing data. Temperature

measurement was not implemented by the time of
retrieval of the cohort, and therefore not included in
this study. Measurements of RR and GCS were missing
in 12.5% and 5.2% in the primary triage round. The
recording of these variables is subject to personal judge-
ment as opposed to the automated measurement of BP
and HR. In 5.6% of the patients no adequate triage cate-
gory was scored for the presenting complaint, meaning
that the patients were triaged, but it was not possible to
find an adequate category for the presenting complaint.
Other triage systems have a more comprehensive list of
presenting complaints, for instance the Canadian Emer-
gency Department Triage and Acuity Scale [17]. The
span of severity within each group suggests that it is not
the category itself that is suitable for risk assessment of
the patient, but the triage colour emerging from the pre-
senting complaint. A proportion of 21% of the patients
(1342) were not given a colour-coding for the presenting
complaint category due to insufficient information on
the triage form. This is problematic because the patients
with no colour-code in Tcomplaint also had a significant
risk of ICU admission or in-hospital mortality (Table 3).
This should lead to a revision of the presenting com-
plaints system to insure that all triaged patients are col-
our- coded.

Table 7 The univariate association between the number of abnormal vital signs, ICU admission and in-hospital
mortality

Abnormal vital signs (N) Patients (N) Patients (%) Admission to ICU In-hospital mortality

OR CI P OR CI P

0 3916 74.9 1.0 1.0

1 1002 19.2 2.2 1.25-3.89 0.006 4.03 2.57-6.32 < 0.0001

2 244 4.7 13.03 7.64-22.23 < 0.0001 12.37 7.43-20.58 < 0.0001

3 57 1.1 15.99 6.76-37.77 < 0.0001 29.36 14.66-58.81 < 0.0001

4 11 0.2 No ITA 37.27 9.53-145.77 < 0.0001

5 0 0

ICU: intensive care unit; OR: odds ratio; CI: confidence interval

Illustrates cases with all 5 vital signs scored (SpO2, RR, BP, HR and GCS). A total of 1096 (20%) patients had one or more of the 5 vital signs missing in the
primary triage
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In our study no evaluation of inter-observer agree-
ment was done. This variation could however be signifi-
cant [18]. Very few studies have assessed the inter-rater
variability and the quality of the studies is poor [9].
The use of a triage system has the inherent risk of

confounding by indication, since assignment of a triage
category defines a level of observation and treatment. A
patient assigned to the orange triage category is moni-
tored and observed more closely than a patient assigned
to the green triage category. Therefore the variation in
mortality between the most and the least ill could theo-
retically be even more pronounced than we were able to
show in our study.
The clinical implications of our findings are that most

emphasis should be put on abnormal vital signs in the
triage of the acutely ill patient, especially abnormal RR,
SpO2 and impaired consciousness. Furthermore the
groups of patients presenting with abdominal com-
plaints, dyspnoea or neurological complaints should be
analyzed further in order to identify patient profiles with
high risk of adverse outcome.

Conclusion
In conclusion, the triage system used (HAPT) is valid in
terms of predicting ICU admission and in-hospital mor-
tality in the acutely ill patients admitted through the
ED. The most powerful predictors are abnormal vital
signs, especially abnormal RR, SpO2 and GCS. Including
the presenting complaint in the triage model generally
results in over-triage of the patients when predicting
ICU admission or in-hospital mortality.
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