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Abstract
Background

The aim of the emergency department (ED) triage is to recognize critically ill patients and to allocate
resources. No strong evidence for accuracy of the current triage instruments, especially for the older
adults, exists. We evaluated the National Early Warning Score 2 (NEWS2) and a 3-level triage assessment
as risk predictors for frail older adults visiting the ED.

Methods

This prospective, observational study was performed in a Finnish ED. The data were collected in a six-
month period and included were ≥75-year-old residents with Clinical Frailty Scale score of at least
four. We analyzed the predictive values of NEWS2 and the three-level triage scale for 30-day mortality,
hospital admission, high dependency unit (HDU) and intensive care unit (ICU) admissions, a count of 72-
hour and 30-day revisits, and ED length-of-stay (LOS).

Results

A total of 1711 ED visits were included. Median for age, CFS, LOS and NEWS2 were 85 years, 6 points, 6.2
hours and 1 point, respectively. 30-day mortality was 96/1711. At triage, 69, 356 and 1278 of patients
were assessed as red, yellow and green, respectively. There were 1103 admissions, of them 31 to an HDU
facility, none to ICU.

With NEWS2 and triage score, AUCs for 30-day mortality prediction were 0.70 (0.64-0.76) and 0.62 (0.56-
0.68); for hospital admission prediction 0.62 (0.60-0.65) and 0.55 (0.52-0.56), and for HDU admission
0.72 (0.61-0.83) and 0.80 (0.70-0.90), respectively.

The NEWS2 divided into risk groups of low, medium and high did not predict the ED LOS (p=0.095). There
was a difference in ED LOS between the red/yellow and as red/green patient groups (p<0.001) but not
between the yellow/green groups (p=0.59).

There were 48 and 351 revisits within 72 hours and 30 days, respectively. With NEWS2 AUCs for 72-hour
and 30-day revisit prediction were 0.48 (95% CI 0.40-0.56) and 0.47 (0.44-0.51), respectively; with triage
score 0.48 (0.40-0.56) and 0.49 (0.46-0.52), respectively.

 Conclusions

The NEWS2 and a local 3-level triage scale are statistically signi�cant in predicting 30-day mortality, and
HDU admission but not ED LOS or revisit rates for frail older adults. NEWS2 also seems to predict
hospital admission

Background
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Frailty as a geriatric syndrome has been associated with increased morbidity and mortality in the
emergency department (1). With ageing population and crowded emergency departments (ED), robust
tools are needed for identifying older adults with critical or high-risk conditions. However, evidence
regarding the reliability of ED screening instruments for frail older adults is limited. 

ED triage for screening patients in high risk is utilized at the time of ED admission. In recent years, early
warning scores have become widely used as screening tools, not only for detecting deterioration in
follow-up on hospital wards, but for initial assessment, too. Both tools are based on vital signs, which are
less reliable in the older adult population due to chronic illness and polypharmacy (2).

There is no strong evidence for any of the current triage instruments, although �ve-level instruments seem
to be more accurate than three-level instruments (3). Triage seems to be less reliable for older adults: the
emergency severity index, seemed to recognize less than half of older adults requiring a life-saving
procedure (4). According to LaMantia et al, sensitivity and speci�city of an abnormal vital sign taken at
triage for predicting death or admission to an intensive care unit (ICU) were 73% and 50% respectively (2).
Patients who are undertriaged to a less urgent group may have increased morbidity and mortality due to
longer waiting times and longer emergency department length-of-stay (LOS).

The evidence for early warning scores at the emergency department so far is limited: studies mostly
include small or pre-selected sub-cohorts. One recent study showed that the national early warning score
(NEWS2) is independently associated with mortality and ICU admissions (5). Another study found that
the modi�ed early warning score (MEWS) adequately predicted hospitalization and in-hospital mortality
for the older adults in the emergency department (6).

In the past, other tools such as the Identi�cation of Seniors at Risk (ISAR) and the Triage Risk
Strati�cation Tool (TRST) have been used for screening older adults in the emergency department.
Neither of these instruments performed well enough to be used as the sole screening tool (7,8). The
Canadian ED frailty index tool seemed to predict adverse outcomes in individual studies (9,10).

In this study we evaluate the predictive value of the NEWS2 and a three-level ED triage scale for mortality,
hospital admission, high dependency unit (HDU) or ICU admission, LOS in the ED and ED-readmissions, in
75 year or older patients with frailty. Our aim is to look for tools that might improve the recognition of
critically ill patients among the frail older adults in the emergency department.

Methods
The study is a prospective, observational cohort study. It is registered with primary and secondary
outcome measures in context of eligibility screening and patient enrollment for the GAOPS-trial
(Clinicaltrials.gov registration NCT03783234). Prior to collecting data, the study was supported by a
statement from the ethical board of University of Helsinki and Helsinki University Hospital
(HUS/1171/2018). A permission for the study was granted by Helsinki University Hospital
(HUS/278/2018). The PICO statement is presented in Fig 1.
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Data collection

The study was run in Helsinki University Hospital Emergency Department in Espoo, which is a medium
sized emergency department with about 60000 adult patient visits per annum. The emergency
department utilizes a local three-level triage instrument with levels red (emergent) yellow (urgent) and
green (standard) (Appendix 1). For assessing frailty, we used the Clinical Frailty Scale (CFS) by Rockwood
et al (11).

Inclusion criteria for the patients visiting the ED during the study period were the following: 1) registration
as resident in the hospital district 2) age of 75 or more at the time of the ED visit 3) nurse-assessed CFS
score of four or higher at the time of the ED visit.

Pre-speci�ed primary outcome measure was mortality after the ED admission during the 30-day follow
up. Pre-speci�ed secondary outcome measures were: 1) hospital admission from the ED 2) HDU/ICU
admission from the ED 3) readmission to the ED in 72 hours and 30 days. ED LOS was added to the
analysis for secondary outcome.

Data were collected prospectively in a 6-month period between December 11, 2018 and June 7, 2019. All
visits of eligible patients (age ≥75 at the time of the ED visit, registered as resident of the municipalities
in the district of the hospital) were given an individual code by the secretary at ED admittance process.

A coded paper form was delivered to the nurse treating the eligible patient. ED nurses �lled the forms in
two steps: First the CFS was assessed. Then, if the CFS was at least 4, nurses were guided to record the
NEWS2, patient´s co-morbidities and social background. Additional data regarding triage class of the ED
visit, admission or discharge information, LOS in the ED, 30-day follow-up of mortality status with time of
death were collected from electronic health record (EHR) by the researchers.

Analysis

Data were analyzed with the SPSS program using the AUROC test for parametric data and ANOVA for
continuous data. We analyzed the data by NEWS2 and triage category testing differences in 30- day
mortality, ED LOS, hospital and ICU/HDU admission. For the clarity of presentation of the results for ED
LOS, the NEWS2 were grouped into low (0-4), moderate (5-6) and high (>=7), in line with the Royal College
of Physicians guideline (12).

Results
A total of 4549 patient visits were screened. After excluding patients not meeting the �rst two criteria
(aged less than 75 at the time of visit or registered as resident of municipalities in other hospital districts,
n=193) a total of 4356 patient visit codes were registered. For eligible patient visits a total of 2388 forms
were returned �lled with the nurse assessed CFS (55% of the forms). Nine forms were incorrectly �lled
and were excluded, leaving us with 2379 visits for analysis. Of the correctly �lled forms, there were
1711/2379 visits with a CFS score of at least four (72%), and 668/2379 (28%) with CFS score of less
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than four. There were 1304 individual patients included in the study, with a total of 412/1711 (24%)
revisits (Fig 1). Follow-up data from electronic health records were available for all included visits
(n=1711).

Figure 2: Patient selection �owchart

Of the visits 664 (39%) were male patients and 1047 (61%) were female patients. Mean and median age
was 85 years. Median CFS was 6. Mean ED LOS was 8.6 and median ED LOS was 6.2 hours. Median
NEWS2-score was 1. There were a total of 412/1711 revisits during the 6-month study period. Of these
revisits 351/1711 (20.5%) within 30 days and 48/1711 (2.8%) within 3 days. 96/1711 patients deceased
within 30 days from their visit. 69/1711 (4.0%) patient visits were triaged as red and 356/1711 (20.8%)
were triaged as yellow, data were missing for 8 visits. The remaining 1278/1711 (74.7%) were triaged as
green.

The hospital admission rate was 64.4% (1103/1711) patients were admitted. Of those, 31 were admitted
to an HDU facility, yet there were no ICU admissions.

Mortality

Patients with higher NEWS2 score had signi�cantly increased 30-day mortality (p<0.001). In the ROC
analysis AUC was 0.70 (95% CI 0.64-0.76) (Fig3a).

Mortality differed signi�cantly between triage groups (p<0.001). In the red group, mortality was 23.2%
(16/69); in the yellow group, 7.6% (27/356); and in the green group, 4.1% (52/1278). In the ROC analysis
AUC was 0.62 (95% CI 0.56-0.68) (Fig 3b).

Figure 3: Mortality prediction with the NEWS2 score (left) and the 3-level triage instrument (right)

Hospital admission

Patients with higher NEWS2 scores were more frequently admitted (p<0.001). 42/43 (97.7%) patients with
a NEWS2 score of at least 8 were admitted. 238/296 (80.4%) of patients with a NEWS2 score between 4
and 7 were admitted. Of those with a NEWS2 score of 3 or lower, 762/1308 (58.3%) were admitted. In the
ROC analysis, AUC was 0.62 (95% CI 0.60-0.65) 

There was a difference in hospital admission rates between triage groups (p<0.001). For patients in the
red triage group admission rate was 94.2% (65/69); for the yellow group, admission rate was 68.5%
(244/356); and for the green group 61.8% (790/1278). The AUC was 0.55 (95% CI 0.52-0.56) in the ROC
analysis. 

HDU admission

Of the 1102 admitted patients, 31 (2.8%) were admitted to an HDU facility. There were no ICU admissions
from the ED in this study population. There was a signi�cant increase in HDU admissions for patients
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with higher NEWS2 scores (p<0.001). The ROC analysis shows an AUC value of 0.72 (95% CI 0.61 – 0.83)
(Fig 4a). 

There was a signi�cant increase in HDU admissions in the red and yellow triage categories (p<0.001). In
the red group, 18/63 (28.6%) patients were admitted to HDU. In the yellow and green groups, the numbers
of HDU admissions were 5/243 (2.1%) and 8/786 (1.0%), respectively. The ROC analysis shows AUC
value of 0.80 (95% CI 0.70-0.90) (Fig 4b). 

Figure 4: HDU admission prediction with the NEWS2 score (left) and a 3-level triage instrument (right)

ED LOS

Mean LOS for the red group was 4.8 h (95% CI 4.2-5.5), for the yellow group 8.45 h (95% CI 7.8-9.1) and
8.8 h for the green group (95% CI 8.46-9.2). There was a signi�cant difference in ED LOS between the red
and the yellow patients (p<0.001) but not between the yellow and the green groups (p=0.59) (Table 1).

    Mean Difference (h) Std. Error Sig. 95% CI

Lower Upper

Triage group  

Red Yellow -3.64* 0.852 <0.001 -5.63 -1.64

Red Green -4.02* 0.800 <0.001 -5.90 -2.14

Yellow Green -0.380 0.388 <0.001 -1.29 0.53

             

News2 risk group          

Low Moderate 0.07 0.564 0.993 -1.26 1.39

Low High 1.19 0.549 0.077 -0.10 2.48

Moderate High 1.13 0.748 0.289 -0.63 2.88

Table 1: Predictive values of triage score and NEWS2 for ED LOS

There were 1406 patient visits with a low NEWS2 score, mean LOS for this group was 8.67 h (95% CI 8.33-
9.02). There were 148 patients with a moderate NEWS2 score, mean LOS of 8.61 h (95%CI 7.61-9.60) and
157 patients with a high NEWS2 score with a mean LOS of 7.48 h (95% CI 6.58-8.39). There were no
signi�cant differences between the groups (p=0.095) the exact �gures are presented in Table 1.

Revisitation

There were 351 revisits within 30 days and 48 revisits within 3 days of the index visit. For all visits the
AUC for 30- and 3-day revisit prediction with the NEWS2 score are 0.47 (95% CI 0.44-0.51) (p=0.13) and
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0.48 (95% CI 0.40-0.56) (p=0.61) respectively. The AUC for 30- and 3-day revisit prediction with the triage
score are 0.49 (95% CI 0.46-0.52) (p=0.57) and 0.48 (95% CI 0.40-0.56) (p=0.63) respectively.

In a post-hoc analysis for non-admitted patients, NEWS2 score did not predict 3-day revisitation (p=0.77,
AUC 0.52 (95% CI 0.41-0.62)), nor did triage score (p=0.89, AUC 0.51 (95%CI 0.41-0.61)).

Strengths and limitations

The strength of our study is that we were able to include a relatively large study population. We had
access to thorough documentation in the electronic patient records. We have systematically attempted to
reduce bias by completing the STROBE checklist for cohort studies to assess bias (Appendix 2).

Our study was completed in a single centre, which might contribute to selection bias. The three-level
triage tool that was used, has not been formally validated, thus our results might not be applicable to
other ED’s that utilize different triage instruments. However, three-level triage instruments have been
shown to be less sensitive compared to �ve-level instruments; therefore, any �ndings on a three-level
instruments could be argued to be signi�cant.

CFS was not assessed for almost a half of potentially eligible patients. Our hypothesis is that this
happened especially due to crowding. This might contribute to selection bias, but the selection of patients
was done independently from the researchers, which in turn might be a redeeming factor.

Discussion
Our analysis shows that the NEWS2 predicts 30-day mortality and HDU-admission with modest accuracy
for frail older adult ED patients. The 3-level triage performed on admission to the ED predicts 30-day
mortality with relatively low accuracy and HDU admission with modest accuracy on this patient group.
NEWS2 also seems to predict hospital admission but the accuracy remains relatively low. Our triage scale
or the NEWS2 did not predict revisitation rates for the frail elderly at 3 or 30 days.

These �ndings are in keeping with previous studies but the accuracy for mortality was lower in our study
(6). This is probably inherent to our inclusion criteria of frailty which is likely to make vital signs less
reliable predictor for adverse outcomes (2). 

There were no ICU admissions in our study population but 2.8% of the admitted patients were admitted to
a HDU. The Finnish HDU’s equal level 2 care, which includes for example noninvasive ventilation or use of
vasoactive drugs but not invasive mechanical ventilation. Many of our patients were severely frail and
therefore mechanical ventilation may have been decided to be unfeasible for them; many patients had
advance care planning against more intensive treatments. We note that both the NEWS2 and the 3-level
triage predicted HDU admissions more accurately than 30-day mortality, which suggests that these tools
are valuable in recognizing critically ill patients in need of high-level care.
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Neither NEWS2 nor our triage instrument were able to predict revisitation rates. This was an expected
�nding, as we assume that any patient with high a triage level or NEWS2 would have been admitted on
their �rst visit.

We found a difference in ED LOS between patients who were triaged as red and yellow, but not between
the other groups. The NEWS2 does not seem to predict ED LOS in our department. The mean LOS was
high for all patients except for those who were triaged as red. We hypothesize that this might be due to
exit block and crowding in our department. Some of the previous studies suggest that prolonged ED LOS
is associated with adverse outcomes, but it has not been shown whether this is an independent risk in the
older frail adult population (13)

Conclusion
NEWS2 and a local 3-level triage are statistically signi�cant in predicting 30-day mortality, and HDU
admission but not ED LOS or revisit rates for frail older adults. NEWS2 also seems to predict hospital
admission. However, accuracy de�ned by AUC for mortality and hospital admissions are poor or modest
for both predictors. This supports previous �ndings that more robust risk prediction models are needed
for older frail patients visiting EDs.

Abbreviations
ANOVA Analysis of Variance

AUC Area under the Curve

AUROC Area under Receiver Operating Characteristic

CFS Clinical Frailty Scale

ED Emergency Department

EHR Electronic Health Record

FI-ED Emergency department Frailty Index

HDU High Dependency Unit

ICU Intensive Care Unit

ISAR Identi�cation of seniors at Risk

LOS Length of Stay

MEWS Modi�ed Early Warning Score
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NEWS National Early Warning Score

RCP Royal College of Physicians

SPSS Statistical Product and Service Solutions

TRST Triage Risk Strati�cation Tool
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Figures

Figure 1

PICO statement for ED outcome prediction for the frail older adults
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Figure 2

Patient selection �owchart
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Figure 3

Mortality prediction with the NEWS2 score (left) and the 3-level triage instrument (right)

Figure 4

HDU admission prediction with the NEWS2 score (left) and a 3-level triage instrument (right)


