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Abstract 

Background: Most emergency departments rely on acuity assessment, triage, to recognize critically ill patients that 
need urgent treatment, and to allocate resources according to need. The accuracy of commonly used triage instru-
ments such as the Emergency Severity Index (ESI) is lower for older adults compared to young patients. We aim to 
examine, whether adjusting the triage category by age leads to improvement in sensitivity without excessive increase 
in patient numbers in the higher triage categories. The primary outcome measure was 3-day mortality and secondary 
outcomes were 30-day mortality, hospital admission, and HDU/ICU admissions.

Methods: We gathered data of all adult patients who had an unscheduled visit to any of our three emergency 
departments within one month. The data was analysed for 3-day mortality, 30-day mortality, hospital admission, and 
high dependency unit or intensive care unit (HDU/ICU) admission. The analysis was run for both the standard ESI tri-
age method and a local 3-level Helsinki University Hospital (HUH) method. A further analysis was run for both triage 
methods with age adjustment. Net reclassification improvement values were calculated to demonstrate the effect of 
age adjustment.

Results: Thirteen thousand seven hundred fifty-nine patients met the study criteria, median age was 57. 3-day mor-
tality AUCs for unadjusted HUH and ESI triage were 0.77 (0.65–0.88) and 0.72 (0.57–0.87); 30-day mortality AUCs were 
0.64 (0.59–0.69) and 0.69 (0.64–0.73); hospital admission AUCs were 0.60 (0.68–0.71) and 0.66 (0.65–0.68) and HDU/
ICU admission AUCs were 0.67 (0.64–0.70) and 0.82 (0.79–0.86), respectively. Age adjustment improved accuracy for 
30-day mortality and hospital admission. With the threshold age of 80, AUCs for 30-day mortality were 0.73 (0.68–0.77) 
and 0.77 (0.73–0.81) and for hospital admission, 0.66 (0.65–0.67) and 0.72 (0.71–0.73) for the HUH and ESI triage. The 
effect was similar with all cut off ages.

Conclusion: Moving older adults into a more urgent triage category based on age, improved the triage instruments’ 
performance slightly in predicting 30-day mortality and hospital admission without excessive increase in patient 
numbers in the higher triage categories. Age adjustment did not improve HDU/ICU admission or 3-day mortality 
prediction.
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Background
Most emergency departments (ED) rely on acuity assess-
ment, triage, to recognize critically ill patients that need 
urgent treatment, and to allocate resources according to 
need. Evidence regarding triage accuracy in older adults 
is scarce, and the accuracy of triage instruments in com-
parison to younger adults remains ambiguous.
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The emergency severity index (ESI) is a 5-level triage 
tool, where patients in the most urgent category 1 need 
immediate life-saving intervention and those in category 
5 are estimated not to require any ED resources [1]. A 
previous study showed that the emergency severity index 
(ESI) identified less than half of older adults who were 
in a need of life-saving procedures [2]. Another recent 
study suggested that age was an independent predictor 
of ED outcomes, regardless of presenting complaint and 
ESI triage level [3]. However, two other studies found ESI 
to be valid for older adults [4, 5], albeit at risk of being 
undertriaged. One study found the Manchester Triage 
Scale (MTS) to appear inferior in triaging older adults [6] 
and another reported increased mortality for older adults 
independent of triage level with the Rapid Emergency 
Triage and Treatment System – Adult (RETTS-A) triage 
[7]. A single study reported validity with the Canadian 
Triage Acuity Scale (CTAS) for older adults [8]. A recent 
systematic review listed 18 studies regarding three-level 
triage systems in adults, none of which reported on older 
adult triage [9].

In this study, we aim to examine whether adjusting the 
triage category by age leads to improved sensitivity with-
out excessively increasing patient numbers in the higher 
triage categories with two separate triage instruments. 
The primary outcome is 3-day mortality and second-
ary outcomes are 30-day mortality, hospital admission, 
and high dependency or intensive care unit (HDU/ICU) 
admissions.

Methods
This was a retrospective observational cohort study. We 
obtained permission for the study from the ethical board 
of the University of Helsinki (HUS/2678/2017),  the Hel-
sinki University Hospital (HUS/280/2019), and Tampere 
University Hospital (RI8602). We used the STROBE 
checklist to reduce the risk of bias (Additional file  1: 
Appendix  1). The data were collected from electronic 
health care records from Tampere University Hospital 
(TAYS) and Helsinki University Hospital (HUH). The 
HUH uses a local 3-level triage method (Additional file 1: 
Appendix 2), and the TAYS uses the ESI.

Data collection
We gathered data of all adult patients (18 years and over) 
who visited three emergency departments between the  1st 
and the  28th of February 2018. Excluded were all paediat-
ric patients, patients who were dead on arrival, patients 
who had a scheduled fracture clinic appointment, and 
patients who were not seen by an ED physician.

For each visit, we recorded the following data: date of 
birth, gender, time and date of arrival and departure, date 

of death if within 30 days of the visit, triage category, and 
hospital and HDU/ICU admissions.

Analysis
The data were analysed with the IBM Statistical Package 
for the Social Sciences software (version 25). We used the 
area under receiving operating characteristic (AUROC) 
analysis for our outcomes: 3-day mortality, 30-day mor-
tality, hospital admission, and HDU/ICU admission. 
The outcomes were chosen before running the analy-
sis. The analyses were run for both the standard ESI tri-
age method and a local 3-level HUH method. A second 
analysis was then run for both triage methods with age 
adjustment: all patients above a certain cut-off age were 
moved into a more urgent triage category. The cut-off 
values used were 65, 70, 75, and 80 years.

Finally, we calculated the net reclassification improve-
ment (NRI) values to demonstrate the effect of applying 
age adjustment between triage categories [10]. The goal 
of NRI is to quantify how well the new model reclassi-
fies subjects. Patients who are correctly reclassified are 
assigned a value of + 1, patients who are incorrectly 
reclassified are assigned a value of -1, and patients whose 
classification did not change are assigned a value of 0. The 
scoring is done separately in both event and non-event 
groups. The per group NRI is the difference between 
these values divided by the number of patients; the per-
fect groupwise NRI would be 1.0 i.e., 100% of the patients 
in the group were classified better. The overall NRI value 
is the sum between the groupwise NRIs and can have val-
ues between -2 and 2. We used the Bonferroni correction 
top-values; values below 0.05 were considered significant.

Results
Within the study period, there were 15 207 recorded 
visits to our three ED’s. After excluding patients who 
were dead on arrival (n = 36), not seen by an ed physi-
cian (n = 1797), or who had a scheduled appointment for 
the outpatient fracture clinic based in the ED (n = 438), 
we had 13374 who met our study criteria. Population 
characteristics are described in Table  1. A total of 7864 
patients were seen at the two Helsinki University Hospi-
tal ED’s and 5510 patients at the TAYS ED. The complete 
list of NRI-values for adjusted triage levels is presented in 
Additional file 1: Appendix 3.

3‑day mortality
Overall, 3-day mortality was low. AUCs for 3-day mor-
tality were 0.77 (95%CI 0.65–0.88) and 0.72 (95% CI 0.57 
– 0.87) for the unadjusted HUH triage and ESI, respec-
tively (Fig. 1). Age adjustment did not improve accuracy 
for either triage method (Table 2).
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Table 1 Population characteristics

n 13374 Patients triaged by ESI 5510

Female 7119 (53.2%) 1 16 (0.3%)

Location HUH Jorvi ED 3902 (29.2%) 2 541 (9.8%)

HUH Peijas ED 3962 (29.6%) 3 4041 (73.3%)

TAYS ED 5510 (41.2%) 4 800 (6.0%)

30‑day mortality 300 (2.2%) 5 112 (0.8%)

3‑day mortality 40 (0.3%)

Admissions 4487 (33.6%) 1 Patients triaged by the HUH method 7864

HDU/ICU admissions 675 (5.0%) 1 red 122 (1.6%)

Age Mean 56 (SD 22) yellow 1296 (16.5%)

Median 57 (IQR 57–74) green 6446 (82.0%)

a

b

Fig. 1 AUC for 3-day mortality prediction for the older adults with HUH triage a and ESI b. aSix older adults died in the ED and were excluded from 
admission analysis. HDU/ICU admission data missing for five patients. a = p<0.001
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With the cut-off of 80 years for ESI, 56% of the patients 
who died were classified to a higher risk category while 
19% of survivors were wrongly classified to a higher 
category leading to an NRI of 0.37 [95%CI 0.14–0.60, 
p = 0.05]. No other cut-off age led to a significant 
improvement of the NRI for either triage method (Addi-
tional file 1: Appendix 3).

30‑day mortality
AUCs for 30-day mortality prediction was 0.64 (95%CI 
0.59–0.69) and 0.68 (95% CI 0.64–0.73) for the HUH tri-
age and ESI, respectively. Age adjustment improved the 
performance, there was no significant difference between 
cut-off ages (Table 3).

With the best cut-off of 75  years for the HUH, 53% 
of the patients who died were classified to a higher risk 
category while 21% of survivors were wrongly classified 
to a higher category leading to an NRI of 0.32 [95%CI 
0.24–0.40, p < 0.001]. ESI performed similarly. With the 
75  years cut-off, 58% of non-survivors were classified 
better, and 16% of survivors were classified wrongly to 
a higher category. The NRI was 0.33 [95%CI 0.25–0.41, 
p < 0.001]. All other age adjustments also lead to a statis-
tically significant improvement of both the HUH triage 
and ESI (Additional file 1: Appendix 3).

Admission
AUC for hospital admission was 0.60 (95% CI 0.58–0.61) 
for the unadjusted HUH method and 0.66 (95% CI 0.65–
0.68) for unadjusted ESI. Age adjustment improved the 
performance of both triage methods, there was no signif-
icant difference between threshold ages (Table 4).

With the best cut-off of 65 years for the HUH, 59% of 
admitted patients were classified to a higher risk category 
while 21% of discharged patients were wrongly classified 
to a higher category leading to an NRI of 0.27 [95%CI 
0.25–0.29, p < 0.001].

ESI performed similarly. With the cut-off at 65  years, 
62% of admitted patients were classified better, and 30% 
of discharged patients were classified wrongly to a higher 
category. The NRI was 0.32 [95%CI 0.29–0.34, p < 0.001]. 
All other age adjustments also lead to a smaller, but sig-
nificant improvement of both the HUH triage and ESI 
(Additional file 1: Appendix 3).

HDU/ICU admission
AUCs for unadjusted HUH and ESI were 0.67 (95% CI 
0.64–0.70) and 0.82 (95% CI 0.79–0.86), respectively. Age 
adjustment did not improve the performance for either 
method (Table 5; Additional file 1: Appendix 3).

Strengths and limitations
Our study included patients from several EDs, and the 
number of included patients was relatively large, which 
gives some weight to our findings. A large portion of our 
patients was triaged by an informal 3-level triage method, 
which limits the applicability of the results. The triage 
methods were analysed separately and the improvement 
in accuracy was at least as good in ESI than in the 3-level 
system.

Previous studies regarding triage for older adults have 
reported variable measures from ED mortality to one-
year mortality. Studies concerning the general adult 
population, with a larger number of participants, have 

Table 2 3-day mortality AUCs for two triage methods with the 
age adjustment

3‑level HUH triage AUC (95% CI) ESI triage AUC (95% CI)

Unadjusted 0.77 (0.65–0.88) Unadjusted 0.72 (0.57–0.87)

cut off 65 years 0.82 (0.73–0.91) cut off 65 years 0.75 (0.61–0.89)

cut off 70 years 0.82 (0.74–0.91) cut off 70 years 0.77 (0.63–0.91)

cut off 75 years 0.85 (0.76–0.93) cut off 75 years 0.79 (0.65–0.93)

cut off 80 years 0.80 (0.70–0.90) cut off 80 years 0.81 (0.67–0.94)

Table 3 30-day mortality AUCs for two triage methods adjusted by age

3‑level HUH triage AUC (95% CI) Emergency Severity Index AUC (95% CI)

Unadjusted 0.64 (0.56–0.69) Unadjusted 0.68 (0.64–0.73)

cut off 65 years 0.76 (0.72–0.80) cut off 65 years 0.77 (0.74–0.81)

cut off 70 years 0.75 (0.71–0.79) cut off 70 years 0.77 (0.73–0.81)

cut off 75 years 0.76 (0.72–0.80) cut off 75 years 0.77 (0.73–0.81)

cut off 80 years 0.73 (0.68–0.77) cut off 80 years 0.77 (0.73–0.81)

Table 4 Hospital admission AUCs for two triage methods 
adjusted by age

3‑level HUH triage AUC (95% CI) ESI triage AUC (95% CI)

Unadjusted 0.60 (0.58–0.61) Unadjusted 0.66 (0.65–0.68)

cut off 65 years 0.69 (0.68–0.71) cut off 65 years 0.74 (0.73–0.76)

cut off 70 years 0.69 (0.68–0.70) cut off 70 years 0.73 (0.72–0.75)

cut off 75 years 0.68 (0.66–0.70) cut off 75 years 0.73 (0.71–0.74)

cut off 80 years 0.66 (0.65–0.67) cut off 80 years 0.72 (0.71–0.73)
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commonly reported ED- or in-hospital mortality [9]. 
As the 3-day mortality in our study was low, a longer 
study period might be required in future studies to gain 
stronger data regarding short-term (ED, in-hospital, or 
3-day) mortality.

Limitations of the study included retrospective data 
collection. Some bias related to seasonal variations is 
possible due to the limited study period. However, a 
fixed continuous time period was chosen to limit the 
risk of selection bias. We suggest that any further studies 
on the topic could address the impact of seasonal vari-
ation. Regarding our data, we have had to rely on data 
previously collected by other staff, occasionally leading 
to missing data. However, the data available from the 
EHR’s are reliable and conclusive. Finally, we applied the 
STROBE checklist to our study to reduce the risk of bias.

Discussion
According to our results, adjusting triage categories 
by age did not improve 3-day mortality prediction. Age 
adjustment improved accuracy for 30-day mortality and 
hospital admission, which were the outcomes where the 
original methods were weakest. These findings reflect the 
results of Ginsburg et al. [3], who found that age was an 
independent predictor for these outcomes. Our results 
showed a slight decrease in HDU/ICU admission predic-
tion with age adjustment, however, accuracy remained 
adequate.

The improvements were similar within the cut-off age 
intervals. The outcomes for which the age adjustment 
improved both triage tools i.e., hospital admission and 
30-day mortality, were similarly improved by each cut-
off age. A previous study suggested that the accuracy of 
an early warning score improved when combined with 
age for patients over 80 years. According to our results, a 
threshold age of 80 was equal to the other tested age lim-
its, and since choosing a high cut-off age would mean a 
smaller rate of over triage, we suggest that further studies 
would consider the same age threshold.

Implementing an age-adjusted triage tool in prac-
tice would be fairly straightforward. The triage pro-
cess could be run as-is, and once completed, the triage 

nurse would check the patient’s age and increase the 
urgency by one, if over the threshold age. In practice, 
implementing an age-adjusted triage scale would mean 
an increased number of older adults in the more urgent 
triage categories. While this would be an improve-
ment for the older ED patients, it might increase wait-
ing times for patients under the threshold age. Younger 
patients in the more urgent triage categories would 
remain urgent, however, and undertriage in the non-
elderly patients is less common. Non-elderly patients 
are also less prone to negative outcomes associated 
with longer waiting times. Thus, we argue that the 
negative effect on the younger ED patients would be 
smaller than the positive effect on the older adults. A 
prospective implementation study would answer how 
age adjustment would change the ED flow in general 
and for each age group.

Conclusion
Moving older adults into a more urgent triage category 
based on age, improved the triage instruments’ perfor-
mance slightly in predicting 30-day mortality and hospital 
admission without excessive increase in patient numbers 
in the higher triage categories. Age adjustment did not 
improve HDU/ICU admission prediction or 3-day mortal-
ity prediction. The optimal age threshold remains unclear.
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