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Objective: Because of physiologic changes in older adults, their vital signs need to be assessed differently. This study aimed to
determine appropriate vital sign cut points for triage designation in older patients presented to the emergency department (ED).
Patients and Methods: Data from 78,524 ED visits of patients aged >65 years in Linkou Chang Gung Memorial Hospital
(LCGMH) between 2016 and 2017 were collected. New cut points for vital signs (systolic blood pressure [SBP], heart rate [HR],
body temperature [BT], and Glasgow Coma Scale [GCS]) were determined using the critical event rate (the composite of admission to
ICU and mortality in hospital) for each vital sign. The newly proposed triage scale was then validated using two other databases
(Chang Gung Research Database [CGRD] and Taipei City Hospital [TPECH] database). The Taiwan Triage and Acuity Scale (TTAS)
was used in this study.

Results: In the LCGMH derivation group, older patients presenting with SBP < 80 mmHg, HR < 40 or > 140 beats per minute (bpm),
BT < 35°C, and GCS score 3-8 had a critical event rate of >20% and were proposed to be uptriaged to TTAS level 1. Following
a reclassification, a portion of older patients are uptriaged by the newly proposed TTAS, and increase in the critical event rate in TTAS
level 1 and level 2 groups compared to the existing TTAS. The newly proposed TTAS exhibited comparable discriminatory ability for
triage in older patients compared to the existing TTAS (the area under the receiver operating characteristics curve: CGRD, 0.76 vs
0.62; TPECH, 0.71 vs 0.59).

Conclusion: Revising the vital signs triage criteria for older patients could be a way to improve the identification of patients with
critical event outcomes in high TTAS level, thereby improving triage accuracy among older patients visiting the ED.
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Introduction

The proportion and frequency of older adults (age > 65 years)' > visiting the emergency Department (ED) has been
increasing.* ¢ Moreover, they have longer ED stays and higher readmission rates than the general adult population.’
These patients have various comorbidities and varying degrees of cognitive impairment and disability, thereby necessi-
tating special and additional attention in the ED.*

In the ED, triage is a process of prioritising patients based on the urgency of care required.® In the Canadian Triage
and Acuity Scale (CTAS), CTAS-based triage systems such as Japanese TAS (JTAS) and Taiwan TAS (TTAS),* ! triage
assignment is mainly based on the presenting complaint along with a specific set of first- and second-order modifiers to
accurately determine the triage acuity level. Vital signs are common first-order modifiers in triage systems. Traditional
vital signs include blood pressure (BP), body temperature (BT), heart rate (HR), and respiratory rate. However, other
factors crucial for determining the patients’ well-being can be considered vital signs, including the Glasgow Coma Scale
(GCS) score and pain severity.'?
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As objective measures of physiological function, vital signs are used to monitor acute and chronic diseases and thus
serve as a universal communication tool about patient status.'> However, normal vital signs are subjective and vary with
age and many other factors.'? In older patients, homeostatic mechanisms change with age, leading to difficulties in
maintaining internal physiological consistency.*'? Consequently, vital sign changes in older patients may be subtle
because of reduced physiological ranges and inability to respond appropriately to stressors.'> When overlooked or
misinterpreted, older patients are at a higher risk of undertriage and delay in intervention, potentially causing deteriora-
tion of their condition.'* Therefore, vital signs in older patients should be carefully interpreted.

Our recent study has found that the capacity of TTAS to predict mortality in hospitals was less accurate for older
adults than for general adult population.® As we attempt to improve our overall ED care for older patients, triage is the
first critical step in that process. Few studies have compared the cut points of vital signs between older adults and the
general adult population, especially in Asian populations. This database study aimed to determine new vital sign
thresholds as first modifiers for an improved triage in older ED patients. This would identify those who are at risk of
deterioration during prolonged waiting, so that early intervention could be given promptly by uptriaging them.

Materials and Methods
Study Setting and Databases

This retrospective cohort study was conducted between January 2016 and December 2017. The study was reviewed and
approved by the Institutional Review Boards of Chang Gung Memorial Hospital (CGMH) (202000012BOC503) and
Taipei City Hospital (TPECH) (TCHIRB-10911003-E), and the need for informed consent was waived. This study was
conducted in compliance with the principles of the Declaration of Helsinki.

Data from two databases, the Chang Gung Research Database (CGRD) and the TPECH database, were used. The
CGRD contains the multi-institutional standardised electronic medical records (EMRs) from seven CGMHs, namely two
medical centres, two regional hospitals, and three district hospitals in Taiwan, of which Linkou branch of CGMH
(LCGMH) is the largest.'> LCGMH is a multispecialty medical centre accredited by Joint Commission International and
has a 3600-bed capacity and approximately 180,000 ED patient visits per year. TPECH is a municipal hospital with ten
branches in Taipei city; of them, two tertiary and three community general hospitals provide emergency services with an
average annual number of ED visits of approximately 220,000. Both the TPECH database and the CGRD regularly
collect basic information and medical records from ED patients and provide deidentified data for research use.

For model derivation, we used the deidentified data obtained from the EMRs of the ED of the LCGMH, Taiwan,
stored in the CGRD. While deidentified data from the EMRs of the ED from the other six CGMHs stored in the CGRD
were used for model internal validation.

For model external validation, deidentified data from the EMRs of the ED of TPECH, Taiwan, were used. Our study
used data from the two tertiary hospitals in the TPECH network, which account for 60% of TPECH emergency visits.

TTAS

The TTAS is a validated five-level triage system developed based on CTAS.® It has been modified from the CTAS by
shortening the reassessment time, dividing the chief complaint list into two domains (non-trauma and trauma), and
further categorising the complaint using anatomical region and environmental injury. Vital sign ranges for hemodynamic
stability and pain severity ratings have also been modified. The computerised TTAS (eTTAS) links the standardised list
of presenting complaints to the relevant triage scale modifiers and supports the user in assigning the appropriate triage
score based on the complaint selected. In the TTAS, triage levels are categorised as follows: level 1, resuscitation; level
2, emergency; level 3, urgent; level 4, less urgent; and level 5, nonurgent. Patients are evaluated and then assigned
a triage level by a triage nurse.®'® In the current TTAS, patients presenting with SBP < 70 mmHg, BT < 32 °C or >
41 °C, and GCS score of 3-8 are to be triaged as TTAS level 1; patients presenting with SBP <90 mmHg, HR < 50 bpm
or >140 bpm, and GCS score of 9—13 are to be triaged as TTAS level 2 (see Supplementary Table 1).
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Patient Inclusion, Data Collection, and Outcome Measurement

Older patients (age > 65 years) presenting to the ED between January 2016 and December 2017 were selected. Patients
whose vital sign measurement values seemed implausible or to be outliers (0.05% of the data at the tails) were excluded.
We also excluded those with out-of-hospital cardiac arrest. The same inclusion and exclusion criteria were applied to the
derivation (LCGMH) and validation (CGRD and TPECH) groups.

Patient demographic data (eg, sex and age), vital signs at triage (eg, systolic BP [SBP], HR, BT, respiratory rate,
blood oxygen saturation, and GCS), and triage assignments based on the TTAS were collected. The outcome measure-
ments were composite of direct admission to ICU from ED and mortality in hospital following the ED visit (referred to as
a critical event as a whole). An expert panel consisting of three senior emergency physicians and two statisticians was
formed to discuss the analytic process and the cut points derived.

Statistical Analysis

Categorical variables were presented as counts and percentages and were compared using the chi-squared test or Fisher’s
exact test, as appropriate. Continuous variables were presented as means and standard deviations (SDs). Student’s ¢-test
and the Mann—Whitney U-test were used for normally and nonnormally distributed continuous variables, respectively.
For model derivation using the LCGMH group, bar charts were used to display the distributions of critical event rates in
every category within modifiers, including SBP, HR, BT, and GCS, to determine the new cut points for these modifiers in
triage of older patients.

In general, the cut points for the modifiers were decided as follows based on the results of distribution of critical
events in each vital sign parameter in the LCGMH derivation group and past studies: (1) an identified critical event rate
of 20% or above was proposed to be classified to TTAS level 1; (2) an identified critical event rate of approximately 10—
20% was proposed to be classified to TTAS level 2; and (3) a major elevation or drop of the critical event rate or
admission rate may be considered as a cut point under the expert panel consensus.**"-'®

Subsequently, the validity of the revised TTAS was examined using the CGRD and TPECH validation groups.
A reclassification concept was applied which we re-triaged the patients using the newly proposed cut points for vital
signs determined in our study. Bar charts were used to compare the difference in the critical event rate between the
current TTAS and newly proposed TTAS (reclassification). The area under the receiver operating characteristic curve
(AUROC) with 95% confidence interval (CI) was determined to evaluate the discriminative ability of the current TTAS
and newly proposed TTAS in predicting critical events in older patients.

Results with p < 0.05 were considered statistically significant. The data were analysed using SAS software (version 9.4
for Windows, SAS Institute, Cary, North Carolina, USA). Missing data was not imputed and was not included in analyses.

Results

Figure 1 depicts the case selection flow diagram of the LCGMH derivation group. The LCGMH derivation group
comprised 357,715 ED presentations between January 2016 and December 2017. After excluding patients aged <65 years
and those with vital sign outliers, 78,524 cases were included for analysis. The patient characteristics of the LCGMH
derivation group were as follows: 50.9% were male; mean (SD) age was 76.69 (8.17) years; 7.2% were TTAS level 1,
26.8% were TTAS level 2, and 59.8% were TTAS level 3; and 48.3% were admitted to general wards (Table 1). The
validation groups comprised 54,541 cases from CGRD and 41,174 cases from TPECH under the same eligibility criteria
as the LCGMH derivation group; Table 1 presents their baseline characteristics.

Figure 2 illustrates the changes in the distribution of the critical event rate in every category for SBP, HR, BT, and
GCS, in the LCGMH derivation group. The critical event rate was >50% when the patients presented with BT < 32 °C
and GCS score of 3. The critical event rate was >20% when the patients presented with SBP < 80 mmHg, HR < 40 or >
140 bpm, BT < 35 °C, and GCS score of 3—8. A superimposed line graph represented the logged incidence rate of each
interval category.

On the basis of Figure 2, new cut points for the first-order modifiers were proposed for triage in older patients
(Supplementary Table 1). For the newly proposed TTAS, patients presenting with SBP < 80 mmHg, HR < 40 bpm or
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Figure | Flow diagram of patient selection in the LCGMH derivation group.
Abbreviation: LCGMH, Linkou Chang Gung Memorial Hospital.

>140 bpm, BT < 35 °C, and GCS score of 3—8 were classified as TTAS level 1; patients presenting with SBP 8§0-100
mmHg, HR of 40—50 bpm or 120-140 bpm, BT of > 40 °C, and GCS score of 9-14 were classified as TTAS level 2. The
critical event rate under the existing TTAS and the newly proposed TTAS in the LCGMH group after reclassification is
shown in Supplementary Figure 1.

The critical event rate and AUROC were compared between the existing TTAS and newly proposed TTAS for triage
in older patients using the CGRD (Figure 3) and TPECH (Figure 4) validation groups after reclassification. The newly
proposed TTAS increase in the critical event rate in both triage levels 1 (current vs newly proposed: CGRD, 23% vs
26%; TPECH, 20% vs 21%) and 2 (CGRD, 8% vs 12%; TPECH, 9% vs 11%) compared to the current TTAS. The
critical event rate in triage levels 3—5 was comparable between the newly proposed TTAS and the current TTAS. The
AUROC for critical events was comparable between the newly proposed TTAS and the current TTAS in both CGRD
(0.62 [95% CI: 0.61-0.63] vs 0.76 [95% CI: 0.75-0.77], p = 0.0006) and TPECH (0.59 [95% CI: 0.58-0.60] vs 0.71
[95% CI: 0.70-0.72], p < 0.0001) validation groups.

Discussion
This study determined newer cut points for vital signs, thereby improving triage accuracy in older patients. Following
a reclassification using the newly proposed TTAS, a portion of older patients are uptriaged, and increase in the critical
event rate in TTAS levels 1 and 2 groups compared to the existing TTAS. The newly proposed TTAS demonstrate
a notable improvement in the discriminative ability for critical events and avoid under-triage initially in older patients.
Overall, triage systems are designed to screen all adult patients evenly, despite heterogeneity. However, older patients
have a higher mortality rate across all triage levels, and the association with age was stronger in the lowest triage (ie,
nonurgent) group.'’ Another study using JTAS reported that its discriminative ability decreased with an increase in
patient age (AUROC from 0.85 to 0.71)."® The validation study of JTAS in older patients reported an AUROC of 0.69 for
overall admission.'" In our study, the discriminative ability of the existing TTAS for critical events as measured using
AUROC was 0.59-0.62 in older patients. After revising the cut points for vital signs, approximately 10% of the older
patients were uptriaged to TTAS level 1 or 2, and the discriminative ability of the newly proposed TTAS for critical
events in older patients showed trend of improvement to 0.71-0.76. Our study uptriage older patients using newly
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Table | Baseline Characteristics of the Patients

Total Data Group
(n=174,239) LCGMH CGRD TPECH
Patients Patients Patients
(n =78,524) (n = 54,541) (n =41,174)
Male, n (%) 87,284 (50.09) 39,956 (50.88) | 27,388 (50.22) 19,940 (48.43)
Age, years, mean (SD) 77.46 (8.47) 76.69 (8.17) 77.83 (8.16) 7842 (9.27)
Triage level, n (%)
| 12,199 (7.00) 5621 (7.16) 4814 (8.83) 1764 (4.28)
2 34,850 (20.00) 21,003 (26.75) 9081 (16.65) 4766 (11.58)
3 105,356 (60.47) 46,954 (59.80) | 34,624 (63.48) | 23,778 (57.75)
4 20,843 (11.96) 4652 (5.92) 5694 (10.44) 10,497 (25.49)
5 991 (0.57) 294 (0.37) 328 (0.60) 369 (0.90)
Vital signs at triage
Heart rate, beats/min, mean (SD) 88.35 (19.84) 88.34 (19.62) 89.56 (20.93) 86.78 (18.64)
SBP, mmHg, mean (SD) 148.41 (32.26) 146.08 (31.85) 146.54 (32.13) 155.34 (32.25)
DBP, mmHg, mean (SD) 79.08 (16.53) 79.60 (16.52) 78.02 (17.05) 79.48 (15.76)
Respiratory rate, times/min, mean (SD) 19.11 (2.88) 19.55 (2.88) 19.49 (2.88) 17.76 (2.43)
Body temperature, °C, mean (SD) 36.64 (0.93) 36.61 (0.92) 36.65 (0.95) 36.70 (0.92)
Blood oxygen saturation at triage, %, mean (SD) 95.60 (4.30) 95.05 (4.26) 95.45 (4.94) 96.83 (2.99)
GCS at triage, n (%)
14-15 152,762 (87.67) 69,185 (88.11) | 46,613 (85.46) 36,964 (92.44)
9-13 13,163 (7.55) 6085 (7.75) 4968 (9.11) 2110 (5.28)
<8 7128 (4.09) 3254 (4.14) 2960 (5.43) 914 (2.28)
Missing 1186 (0.68) - - 1186 (2.88)
Outcomes
Admission to ICU from ED, n (%) 10,026 (5.75) 4626 (5.89) 3157 (5.79) 2243 (5.45)
Admission to general wards from ED, n (%) 75,981 (43.61) 37,928 (48.30) | 26,347 (48.31) 11,706 (28.43)
Mortality in hospital following the ED visit, 1826 (1.05) 536 (0.68) 288 (0.53) 1002 (2.43)
n (%)

Note: Data are presented as n (%) or mean (SD).

Abbreviations: LCGMH, Linkou Chang Gung Memorial Hospital; CGRD, Chang Gung Research Database; TPECH, Taipei City Hospital; n. number of
patients; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood pressure; min, minute; GSC, Glasgow Coma Scale; ICU, intensive care unit;
ED, emergency department; AUROC, area under the receiver operating characteristics curve; BT, body temperature; CTAS, Canadian Triage and Acuity
Scale; EMR, electronic medical record; HR, heart rate; ICU, intensive care unit; JTAS, Japanese Triage and Acuity Scale; TTAS, Taiwan Triage and Acuity Scale.

proposed TTAS due to high critical event rate in high TTAS level. This suggests that vital signs modifiers may help
improve the triage accuracy. Other factors, such as frailty status,*” should be taken into consideration when trying to
improve triage for older people.

Age-related molecular changes cumulatively result in altered sensitivity, reliability, and normative ranges of cardi-
ovascular vital signs (ie, SBP and HR)."* A 5-year review of presenting physiology demonstrated an inflection point for
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Figure 2 Critical event rate in every category for SBP, HR, BT, and GCS in the LCGMH derivation group. The vertical bars were critical event rates (the composite of

admission to ICU and mortality in hospital). The superimposed line graph represented the logged incidence rate in each category. Red bar (TTAS 1); Brown bar (TTAS 2);
Green bar (TTAS 3).

Abbreviations: SBP, systolic blood pressure; HR, heart rate; BT, body temperature; GCS, Glasgow Coma Scale; ICU, intensive care unit; LCGMH, Linkou Chang Gung
Memorial Hospital.

the association between the risk of death and SBP at 110 mmHg in older patients.” Using SBP < 110 mmHg as a criterion
greatly reduced under-triage in older patients.'® Our study found that the critical event rate was more than 10% in older
patients with SBP < 100 mmHg, revealing that low BP in older patients may be more critical than previously considered
and should be given special attention. This finding is supported by a study reporting that low BP was independently
associated with mortality and admission in older patients.”’ Therefore, we proposed to revise the SBP cut points of <80
mmHg and 80-100 mmHg as TTAS level 1 and 2 criteria, respectively, according to their associated rate of critical
events. We also proposed revising the HR cut points of <40 or >140 bpm and 40-50 or 120-140 bpm as TTAS level 1
and 2 criteria, respectively, according to their associated rate of critical events. The newly proposed TTAS criteria of HR
< 40 bpm and 40-50 bpm is consistent with the National Early Warning Score.*!

Ageing causes changes in the thermoregulatory system.'® Because of decreased metabolic rates and alterations to the
hypothalamus, older people tend to have lower core BT and altered thermoregulatory response.*'* Fever (defined as an oral
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temperature of > 37.8 °C) is often absent in benign infections, and temperature is lower in severe infections of approximately
25% of older adults compared with the general population.”? Therefore, a subtle increase in BT could be as significant a finding
as fever and is associated with increased rates of serious clinical outcomes in older patients.'® The present study revealed that
the critical event rate was more than 30% for BT <35 °C. We proposed revising the BT cut points of < 35 °C and > 40°C as
TTAS level 1 and 2 criteria, respectively, according to their associated rate of critical events.

The critical event rate was >60% in patients with GCS scores of 3. A gradual decrease in the critical event rates (from 65% to
20%) was observed when the GCS score was increased from 3 to 8. According to their associated rate of critical events, we
proposed to maintain the GCS score cut points of 3—8 as TTAS level 1 and revising the GCS score cut points of 9—14 as TTAS
level 2 criteria. These revisions are in agreement with the results of previous studies.”* %> The modified JTAS considers GCS <9
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as level 1.%* The Ohio emergency medical service system changed its trauma triage cutoff for older adults from a GCS score of 13

to 14.2* Revising GCS scores from 13 to 14 for older patients may improve the identification of those with serious injuries. >
Respiratory rate is a significant vital sign. In the current TTAS, patients with a respiratory rate of <10 times

per minute are to be triaged as level 1. Our result of respiratory rate and critical event rate (Supplementary Figure 2)

supported the current cut point and hence did not propose to revise it. In addition, patients with an oxygen saturation of
<90% are to be triaged as level 1 in the current TTAS. Our result of oxygen saturation and critical event rate
(Supplementary Figure 3) supported the current cut point and hence did not propose to revise it.

Strengths and Limitations

The major strength of this study was the number of patients included and the validation of its results by using two multicentre
cohort databases. Nonetheless, our study had some limitations. First, selection bias may have been introduced due to its
retrospective nature. The generalizability of the study results may be limited due to the varying baseline characteristics of ED
patients in other settings or countries, as well as different hospital levels and low-volume hospitals. Second, the main purpose
of the TTAS is to identify medical urgency among ED patients but not to predict critical event outcomes, such as admission to
ICU, and mortality. However, validating a triage system is difficult because no gold standard exists for assessing the degree of
medical urgency.?® Therefore, in this study, a surrogate marker, namely the critical event rate, was used to assess the validity of
the TTAS in older patients. Third, respiratory rate is measured through direct observation by the triage nurse and may often be
inaccurate due to subjective judgment and vary in respiratory pattern.”” Fourth, the revised triage system enables uptriage of
older ED patients using the new vital signs modifiers to prevent or improve clinical outcomes due to possible under-triage by
the current triage system. However, there is a possibility that some older ED patients assigned with a lower triage level
(particularly levels 4-5) based on chief complaints and could not be uptriaged using the vital signs modifier are at risk of
clinical deterioration and need for critical care. Fifth, longitudinal vital-sign data were not used in the present study; the added
value of trajectories of vital signs on triage or critical event prediction is yet to be characterized.?®

Conclusions

Our study demonstrated a process to renew the cut points of vital signs within a triage system and proposed new triage
criteria for older patients. The newly proposed TTAS uptriages older ED patients and therefore enable them to access
early medical intervention and prevents them from further clinical deterioration, thereby improving waiting time and the
critical event rate. Revising vital signs criteria seems to be a pragmatic way to improve the triage of older ED patients by
resolving under-triage issues in the existing triage system.
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