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Abstract: Elderly patients, when they present to the emergency department (ED) or are admitted
to the hospital, are at higher risk of adverse outcomes such as higher mortality and longer hospital
stays. This is mainly due to their age and their increased fragility. In order to minimize this already
increased risk, adequate triage is of foremost importance for fragile geriatric (>75 years old) patients
who present to the ED. The admissions of elderly patients from 1 January 2014 to 31 December 2020
were examined, taking into consideration the presence of two different triage systems, a 4-level (4LT)
and a 5-level (5LT) triage system. This study analyzes the difference in wait times and under- (UT)
and over-triage (OT) in geriatric and general populations with two different triage models. Another
outcome of this study was the analysis of the impact of crowding and its variables on the triage
system during the COVID-19 pandemic. A total of 423,257 ED presentations were included. An
increase in admissions of geriatric, more fragile, and seriously ill individuals was observed, and a
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progressive increase in crowding was simultaneously detected. Geriatric patients, when presenting to
the emergency department, are subject to the problems of UT and OT in both a 4LT system and a 5LT
system. Several indicators and variables of crowding increased, with a net increase in throughput
and output factors, notably the length of stay (LOS), exit block, boarding, and processing times. This
in turn led to an increase in wait times and an increase in UT in the geriatric population. It has indeed
been shown that an increase in crowding results in an increased risk of UT, and this is especially true
for 4LT compared to 5LT systems. When observing the pandemic period, an increase in admissions of
older and more serious patients was observed. However, in the pandemic period, a general reduction
in waiting times was observed, as well as an increase in crowding indices and intrahospital mortality.
This study demonstrates how introducing a 5LT system enables better flow and patient care in an ED.
Avoiding UT of geriatric patients, however, remains a challenge in EDs.

Keywords: triage; emergency service; hospital; crowding; triage (under-triage); triage (over-triage);
geriatric emergencies; overcrowding and access block; overcrowding detection; overcrowding effect;
overcrowding; ED management

1. Introduction

Triage for geriatric patients is an open challenge for emergency physicians, especially
in increasingly overcrowded EDs [1–4]. In this Special Issue, we focus on the effects of
re-thinking the triage system in the geriatric population (>75 years) pertaining to our ED.

Due to an aging population, visits to emergency departments (EDs) by geriatric
patients are increasing worldwide. With increasing age, frailty is defined by multiple
aspects: among geriatric ED patients, a high proportion have balance difficulties, an
unsteady gait, require assistance for mobility, or have decreased muscle strength in their
lower limbs. Frail and elderly patients are at risk of adverse outcomes (for example:
mortality and prolonged hospital stays). In this respect, suitable triage for fragile geriatric
ED patients is a critical healthcare issue.

Waiting times have often been described as improving with the transition to the 5-level
triage system [3,4]; however, there is not complete agreement on this in the literature, as
on the other hand, a lengthening of waiting times has been described [5]. The various
triage systems need to identify and prioritize patients who require an urgent intervention
in a short time; therefore, it is important to find solutions with efficacy to reduce waiting
times [3–8]. For this reason, we went to see how the transition to the 5-level triage system
affected waiting times.

In EDs organized by areas of intensity of care, patients at triage receive a priority code
and are channeled toward low- or medium-high-intensity care areas [9,10].

It is the common opinion of the authors that 5LTs, due to their increased accuracy and
safety, are better than 3LT or 4LT systems. The fact that this advantage also affects geriatric
patients has not yet been widely studied [3,8,11–30].

The triage process is complex, and its complexity is even greater for geriatric patients
who are more prone to UT [31–38].

Hence, there is a need to study how UT and OT vary in reality during the transition
from a 4LT to a 5LT, especially in geriatric people.

Overcrowding compromises the quality of patient care, not just the quality received.
However, the reciprocal effects between crowding and triage are still not widely studied. In
particular, the influence of the various factors that determine crowding with triage waiting
times and the frequency of UT and OT requires investigation. In addition, the outcomes
associated with adopting a 5LT system have been explored in the field only by a few studies,
and with low numbers of patients [39–53].

Some real-life studies have focused on only one symptom or have enrolled a low
number of patients. Hence, there is a need to study triage with the complexity of real life in
a crowded ED with a large population.
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For all these reasons, we analyzed the triage efficacy for geriatric people in a real-life
ED, both in a four-level triage system (4LT) and in a five-level triage system (5LT). We
studied the waiting times (primary objective) and (secondary objectives) over- and under-
triage (OT and UT, respectively). Finally, we analyzed the relationships, in real life, between
crowding and triage and the functioning of the 5LT, also during the COVID-19 pandemic.

2. Methods
2.1. Study Design

We conducted a retrospective study, which encompassed the admittances to the ED
of the Foundation IRCCS Policlinic San Matteo from 1 January 2014 to 31 December 2020.
During this period, our ED underwent reorganization with a subdivision into areas of
different intensities of care and a shift from a 4LT (from 1 January 2014, to 30 November
2015) to a 5LT (from 30 November 2015, to 31 December 2020). The admissions during the
two periods were compared.

A tailored investigation was performed to investigate the data of interest. Anonymiza-
tion was performed in order to ensure confidentiality. The mandatory consent to data
utilization for medical and research purposes as well as health data processing, was ob-
tained at admission from all patients.

2.2. Endpoints

This investigation was conducted considering the number of patients presenting to
the ED during a period of time which was then further subdivided into two periods: the
4LT and 5LT periods. The objective was to ascertain the effects that the introduction of a
5LT system would have on wait times in geriatric (>75 years old) and young populations.
The secondary objective was to determine whether adopting a 5LT system had any effect
on the accuracy level of the triage of geriatric patients. The accuracy of triage in geriatric
people has been measured as the percentages of patients undergoing UT and OT, as well as
by verifying the correlation between the code attributed at triage by the triage nurse and
the severity code attributed at discharge by a physician.

A further outcome is the correlation between triage and crowding indices. The most ro-
bust crowding indices in the literature were used, such as the length of ED stay, total access
block time, and rate of access block [54–83]. For a detailed definition of the calculation of the
same, we referred to our previous publications [84–86]. Finally, we analyzed the proficiency
of a 5LT system during the exceptional circumstances of the COVID-19 pandemic.

2.3. Statistics

Continuous variables are expressed as means, medians, and interquartile ranges; qual-
itative variables are expressed as the number of observations and appropriate proportions.
The non-parametric Mann–Whitney test was used to make between-group comparisons
for continuous variables, according to their non-normal distributions. The χ2 test was
used to study associations between the qualitative variables. The statistical analysis was
performed with pertinent logistic multivariate regression models to assess the correlation
between time variables while accounting for crowding, exit block, and the different triage
periods. The differences in UT and OT by year of observation were examined using the test
of proportions. For each passage, the presence/absence of over-triage and under-triage
was modeled as a binary variable, as described in the Methods section, and the risk of
undergoing either UT or OT was defined as the odds ratio (OR) resulting from multiple
regression analysis adjusted for age, gender, and year of observation. The investigation was
performed for all the patients presenting in the selected period, as well as for subgroups in
which boarding or exit blocks were present. The significance level was set at alpha 0.05
(statistical significance at p < 0.05), and all tests were two-tailed.

The analyses were conducted using STATA software (version 14; Stata Corporation,
College Station, TX, USA, 2015). The ethics committee submitted and approved the study
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(protocol number: 20200114609). The analyses were made using data from the PIESSE
software (GBIM, Pavia, 2020).

3. Results
3.1. Overall

Geriatric patients (>75 years) constituted about 24% of the total population taken into
consideration, and their number grew over the years (from 21% to 24%) (Table 1). As can
be seen in the table below, the patients became increasingly complex, as can be seen from
the triage priority code, priority code at discharge, the need for high care intensity, and
outcomes (Table 1).

Table 1. Principal personal and ED presentation features of patients included in the study, by period
of observation.

Period

4LT 5LT p a
N (%) N (%)

Sex

Male 59,432 (51.2) 158,914 (51.7)

Female 56,628 (48.8) 148,283 (48.3) 0.002

Age

<75 91,102 (78.5) 234,512 (76.3)

75+ 24,968 (21.5) 72,686 (23.7) <0.001

Triage priority code

Code 5 13,443 (11.6) 25,748 (8.4)

Code 4 78,777 (67.9) 191,981 (62.5)

Code 3 0 (-) 17,297 (5.6)

Code 2 22,711 (19.6) 67,688 (22.0)

Code 1 1129 (0.9) 4484 (1.5) <0.001

Priority code at discharge

Code 5 29,240 (25.2) 43,141 (14.0)

Code 4 73,995 (63.8) 224,039 (72.9)

Code 3 0 (-) 425 (0.1)

Code 2 11,952 (10.3) 36,341 (11.8)

Code 1 873 (0.7) 3252 (1.2) <0.001

Care intensity

Low 92,220 (79.5) 235,026 (76.5)

Medium-to-high 23,840 (20.5) 72,172 (23.5) <0.001

Outcome

Discharge 94,701 (81.6) 246,413 (80.2)

Hospitalization 17,347 (14.9) 51,043 (16.6)

Transfer 2166 (1.9) 5746 (1.9)

Left without being seen 1385 (1.2) 2933 (0.9)

Other 461 (0.4) 1063 (0.4) <0.001
The 4LT period (T4) spanned from 1 January 2014 to 30 November 2015; the 5LT period (T5) spanned from 1
December 2015 to 31 December 2020; a: χ2 test.
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3.2. Wait Time for Geriatric Compared to Younger Patients

The differences between the wait times of geriatric (>75 years of age) and younger
patients had little statistical significance when considering Code 4 and Code 5 (about 1 or
2 min for codes 1, 2, 3, and 5; about 20 min for code 4) (Table 2).

Table 2. Wait time by period, code at presentation, and age.

Age < 75
Years

Age ≥ 75
Years

Period N Median
(min)

Interquartile
Range (min) p a N Median

(min)
Interquartile
Range (min) p a

Wait time

Non-urgency

Code 4 4LT 12,335 51.6 17.9–108.3 1108 57.4 21.4–116.5

Code 5 5LT 23,379 48.3 17.5–103.8 0.001 2369 50.0 18.2–109.0 0.037

Minor
urgency

Code 3 4LT 64,636 48.4 19.0–102.9 14,141 71.2 30.6–134.1

Code 4 5LT 156,088 53.1 20.6–115.9 <0.001 35,893 79.4 32.5–151.6 <0.001

Deferrable
urgency

Code 3 5LT 13,403 23.4 12.4–43.9 - 3894 26.9 14.5–48.3 -

High
urgency

Code 2 4LT 13,535 22.5 10.7–47.9 9176 24.7 12.3–51.2

Code 2 5LT 39,098 31.7 13.4–73.9 <0.001 28,590 33.4 15.1–73.3 <0.001

Emergency

Code 1 4LT 596 4.6 2.4–9.3 533 5.3 2.6–10.8

Code 1 5LT 2544 3.6 1.9–7.1 <0.001 1940 5.2 2.6–10.1 0.369

The 4LT period spanned from 1 January 2014 to 30 November 2015; the 5LT period spanned from 1 December
2015 to 31 December 2020. a: Kruskal–Wallis test.

In contrast, with the introduction of 5LT, a constant (even though not statistically
significant) increase in wait times of ~3–4 min per year was observed for the patients
who were assigned Code 2 at triage (Table 2). This was likely dependent on the increased
number of patients receiving a priority Code 2 at triage and crowding at our hospital.

Patients who were assigned Code 3 in the 5LT system period had similar wait times to
patients who were assigned a Code 2 in the 4LT system period, with equal tendency for
both geriatric patients (26.9 vs. 24.7 min) and younger patients (23.4 vs. 22.5 min) (Table 2).
Patients who were assigned Code 4 and 5 in the 5LT system period had wait times which
were comparable to those of patients who were assigned Codes 3 and 4 during the 4LT
system period (Table 2).

3.3. UT and OT in the Geriatric Population

The risk of UT is slightly greater in geriatric patients than in the general population
(OR = 2.22; p < 0.001). (Table 3). However, when separately analyzing the areas of low
intensity of care (OR = 0.85; p < 0.001) and those of medium-high intensity of care (OR = 0.56;
p < 0.001), this trend was found to be reverted (Tables 3 and 4). The top three complaints
of geriatric patients at triage were minor signs and symptoms (27.3%), abdominal pain
(13.1%), and dyspnea (10.5%). These symptoms alone accounted for >50% of admissions.
Minor trauma (7.3%) and neurological disorders (6.5%) were less frequently observed
(Table 3).
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Table 3. Distribution of undertriage (UT) and overtriage (OT) percentages during 4LT and 5LT
periods, in geriatric and younger patients.

Period

Variable 4-Level Triage
N (%)

5-Level Triage
N (%) p a

Age < 75 years

OT

No 81,483 (89.4%) 205,378 (87.6%)

Yes 9619 (10.6%) 29,134 (12.4%) <0.001

UT

No 83,837 (92.0%) 215,494 (91.9%)

Yes 7265 (8.0%) 19,018 (8.1%) 0.204

Age ≥ 75 years

OT

No 19,705 (79.0%) 55,553 (76.4%)

Yes 5253 (21.0%) 17,133 (23.6%) <0.001

UT

No 22,898 (91.8%) 66,104 (90.9%)

Yes 2060 (8.2%) 6582 (9.1%) <0.001
The 4LT period (T4) spanned from 1 January 2014 to 30 November 2015; the 5LT period (T5) spanned from 1
December 2015 to 31 December 2020; a: χ2 test, UT: under-triage; OT: over-triage.

Table 4. Risk of under-triage (UT), by age, triage level period, and presence of access block.

Period Age Intensity of Care Access Block OR a 95% Confidence Interval p

4-level triage <75 Low No 1.00 (ref.) -

Yes 4.37 3.75–5.10 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 1.12 0.35–3.60 0.847

≥75 Low No 1.00 (ref.) -

Yes 4.53 3.79–5.43 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 1.18 0.47–2.95 0.724

5-level triage <75 Low No 1.00 (ref.) -

Yes 6.92 6.47–7.39 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 0.94 0.63–1.41 0.761

≥75 Low No 1.00 (ref.) -

Yes 6.09 5.63–6.59 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 1.82 1.43–2.32 <0.001
a: Odds ratios (ORs) estimated by multiple regression analysis adjusted for age and sex.

The elderly patients underwent over-triage more often than the general population,
and this occurred in both the 4LT and the 5LT system periods, with no difference according
to areas of intensity of care (Tables 3 and 5).
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Table 5. Risk of over-triage (OT), by age, triage level period, and presence of access block.

Period Age Intensity of Care Access Block OR a 95% Confidence Interval p

4-level triage <75 Moderate-to-high No 1.00 (ref.) -

Yes 0.23 0.16–0.31 <0.001

≥75 Moderate-to-high No 1.00 (ref.) -

Yes 0.34 0.27–0.45 <0.001

5-level triage <75 Low No 1.00 (ref.) -

Yes 0.05 0.01–0.36 0.003

Moderate-to-high No 1.00 (ref.) -

Yes 0.16 0.15–0.18 <0.001

≥75 Moderate-to-high No 1.00 (ref.) -

Yes 0.21 0.19–0.23 <0.001
a: Odds ratios (OR) estimated by multiple regression analysis, adjusted for age and sex. No presence of OT
was observed for low intensity of care during the 4-level triage period or the 5-level triage period for patients
≥75 years of age.

3.4. Crowding

The phenomenon of crowding was aggravated over the years following the progressive
increase in boarding and exit blocks observed from 2014 to 2020 (Table 6). The total number
of ED admissions rose gradually up to 2018, with the exception of a period of decrease
in 2015, and then lowered again in 2019 and 2020 (Table 6). The wait times for patients
in low and medium-high-intensity care areas (Table 7; p < 0.001) increased, as shown
by the indices of the boarding and exit blocks. These indices of crowding were chosen
due to their higher reproducibility with automated data extraction [84–86]. In the 4LT
system, boarding substantially correlates with a slight reduction in the rate of under-triage
in the low-intensity care area, but with a reversed tendency of increased risk of UT in
geriatric patients in medium-high-intensity care areas. When considering the period with a
5LT system, on the other hand, boarding was no longer correlated with a greater risk of
UT in elderly patients, and similarly, the probability of UT was also reduced for young
people in medium-high-intensity care areas. There is, therefore, a correlation between the
phenomenon of boarding, a greater risk of OT in young people, and a lower risk of OT in
the elderly. In the 5LT system, this risk of OT in the younger patients was, however, found
to be lower, and the risk of OT for elderly patients was also greatly reduced, as shown
in Table 8. The exit block correlated with an increase in the rate of under-triage in both
4LT and 5LT. However, switching to 5LT in the medium-high-intensity care area did not
increase the risk of UT for young people. During the exit block, there was a clear reduction
in the number of over-triage cases, which was an even more marked reduction in the period
of 5LT, as shown in Table 9.

Table 6. Trend of crowding indices over the years.

2014 2015 2016 2017 2018 2019 2020 p for Trend

Boarding # 926 1010 1241 1431 1475 2033 4230
9.0% 10.1% 11.4% 12.8% 12.8% 18.8% 36.7% <0.001

Access block # 786 951 1141 1289 1368 2022 3833
7.6% 9.5% 10.5% 11.5% 11.9% 18.7% 33.3% <0.001

Accesses per day 165.8 165.3 170.8 174.4 176.8 175.8 129.8

Number of accesses 60,512 60,336 62,527 63,662 64,540 64,181 47,500
# Boarding and access blocks were calculated only for hospitalized patients.
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Table 7. Selected time variables accounting for crowding, by age and intensity of care.

Wait Time Age < 75 Age 75+

Observations
(N)

Median
(min)

Interquartile
Range (min) p a Observations

(N)
Median
(min)

Interquartile
Range (min) p a

Low-intensity
care

No
boarding * 18,128 46.5 18.4–104.4 10,603 64.3 27.4–131.1

Boarding # 4579 55.6 22.5–129.7 <0.001 2837 75.5 29.5–156.6 <0.001

Medium-to-high
care intensity

No
boarding * 16,716 15.9 6.5–39.3 18,509 21.3 9.5–48.5

Boarding # 2100 24.5 10.3–56.0 <0.001 2830 22.0 9.5–53.9 0.041

Low-intensity c
are

No access
block ◦ 265,186 48.4 18.9–106.4 53,915 67.5 27.6–134.4

Access
block ◦◦ 4655 92.7 34.0–182.4 <0.001 3490 113.7 43.8–205.5 <0.001

Medium-to-high
care intensity

No access
block ◦ 46,443 27.2 11.0–27.2 32,584 29.2 12.7–65.3

Access
block ◦◦ 1998 32.0 12.9–85.3 <0.001 2912 29.6 11.4–80.2 0.122

a: Kruskal–Wallis test. No boarding. * = Mean number and percentage of patients who did not go to boarding (for
example, patients who did not have to wait for a bed). Boarding # = mean number and percentage of patients
who underwent boarding. ◦ No access block: mean number and percentage of patients who did not go to access
block. ◦◦ Access block: mean number and percentage of patients who experienced boarding.

Table 8. Risk of under-triage (UT), by age, triage level period, and presence of boarding.

Period Age Intensity of Care Boarding OR a 95% Confidence Interval p

4-level triage <75 Low No 1.00 (ref.) -

Yes 0.70 0.59–0.83 <0.001

Moderate-to-high No 1.00 (ref.) -

Yes 0.99 0.53–1.86 0.987

≥75 Low No 1.00 (ref.) -

Yes 0.75 0.60–0.94 0.014

Moderate-to-high No 1.00 (ref.) -

Yes 1.38 0.77–2.48 0.279

5-level triage <75 Low No 1.00 (ref.) -

Yes 1.01 0.94–1.09 0.753

Moderate-to-high No 1.00 (ref.) -

Yes 0.49 0.34–0.69 <0.001

≥75 Low No 1.00 (ref.) -

Yes 1.03 0.94–1.12 0.570

Moderate-to-high No 1.00 (ref.) -

Yes 1.02 0.81–1.30 0.849
a: Odds ratios (ORs) estimated by multiple regression analysis adjusted for age and sex.
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Table 9. Risk of over-triage (OT), by age, triage level period, and presence of boarding.

Period Age Intensity of Care Boarding OR a 95% Confidence Interval p

4-level triage <75 Moderate-to-high No 1.00 (ref.) -

Yes 1.27 1.01–1.61 0.044

≥75 Moderate-to-high No 1.00 (ref.) -

Yes 0.96 0.77–1.19 0.711

5-level triage <75 Moderate-to-high No 1.00 (ref.) -

Yes 1.12 0.99–1.26 0.06

≥75 Low No 1.00 (ref.) -

Yes 1.03 0.94–1.12 0.570

Moderate-to-high No 1.00 (ref.) -

Yes 0.75 0.68–0.84 <0.001
a: Odds ratios (ORs) estimated by multiple regression analysis and adjusted for age and sex. No presence of OT
was observed for low intensity of care during the 4-levels triage period or in 5-level triage period for patients
<75 years of age.

When we examined individual triage priority codes for the intensity of the medical
examinations and areas of care, we found no statistically significant differences between
geriatric (>75 years of age) and younger patients.

3.5. LT of COVID Patients

In the period characterized by the COVID pandemic, 3826 patients presented to our
ED. 125 patients were assigned a triage Code 5, 2789 a Code 4, 169 a Code 3, 810 a Code 2,
and 86 were assigned a triage Code 1. A total of 159 patients tested positive for COVID-19,
and 78 infected patients died in the ED. The wait times for patients in the area dedicated to
COVID patients were 48 min for Code 5, 47 min for Code 4, 48 min for Code 3, 27 min for
Code 2, and 10 min for Code 1.

4. Discussion
4.1. Overall

The age of patients admitted to the ED has constantly risen through the years. The
number of patients presenting to the ED has progressively increased, and patients are
currently older, more fragile, and sicker. This trend is in turn reflected by a decrease in
spontaneous accesses, a higher number of admissions through the territorial emergency
service or on a gurney, and the percentage of more severe priority codes assigned at triage
and higher severity codes assigned at discharge. This trend has already been extensively
described in the literature [54–66,74,75,83,84,87,88] and has been negatively influenced by
the COVID-19 pandemic, with a greater number of patients requiring hospitalization [85,86].
As a consequence, exit blocks and boarding have increased as well, and together with the
progressive reduction in beds, this has led to a worsening of crowding.

All these changes in the population and the flow in the ED have led to a change in
the work of ED physicians, transforming their practice from “admit-to-care” to “care-to-
admit” [85,86]. This change has resulted in a gradual extension of LOS and processing
times. It has already been demonstrated that the increase in crowding has negative effects
on patient outcomes and satisfaction; however, until now, the effects of overcrowding on
triage—particularly on wait times and on the risk of UT and OT—have not been thoroughly
analyzed. The 5LT system has proven itself more accurate, with better correspondence
between the code assigned at triage and the severity code assigned at discharge. This
therefore suggests that 5LT system triage codes reflect, in a more precise way, the actual
acuity of the patient in comparison to 4LT systems. This evidence, together with the data
that show a global decrease in the risk of UT, demonstrates that a system that allows a lower
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risk of UT has clear benefits for the patients in the ED, and especially for those patients
who are sicker and more fragile, with a subsequent improvement in the outcome.

4.2. Wait Time

Age does not seem to play a significant role in waiting issues. When we corrected
age data according to triage code and area of care intensity, our results were in line with
what was expected. Some studies correctly described increases in ED crowding due to
increases in geriatric access to EDs. As is similar to our findings, Kawano et al. noted that
the geriatric population tended to consist of more complex patients who presented more
frequently in ambulances. The geriatric frequently required medium-high care intensity
and higher triage codes. Therefore, our study is in line with the literature and underscores
the finding that age itself does not cause crowding; however, age is a factor related to
frailty in compromised patients [89–92]. The general fragility of geriatric patients increases
crowding and wait times. Once age is corrected according to the need for more intense care
and faster medical examination, it no longer appears to affect crowding. However, these
findings require verification within the context of multicenter studies.

Additional focus should be put on the effects of having both doctors and nurses work-
ing at triage. The presence of dedicated doctors at triage allows for a quicker examination
of patients coming for less severe problems. This also allows for a prompter evaluation of
more-complex patients, helping to reduce the impact that crowding has on ED functioning.
The presence of a senior doctor, meaning a medical doctor having obtained the title of
specialist in emergency medicine, alongside the triage nurse at the triage station, has posi-
tive effects, with reductions in wait time, LOS, LWBS rates, and the percentage of patients
leaving without having had a complete workup and treatment. Additionally, triage teams
consisting of a doctor and a nurse can also be beneficial for a more rapid admission of more
fragile patients (such as geriatric patients) who are not required to stay in the emergency
department for further investigations or time-sensitive interventions, but would benefit
more from prompt hospitalization. This type of triage team can therefore exert positive
effects by reducing overcrowding [93–95].

Exit blocks and boarding often influence the wait times of patients who require
hospitalization or a secondary transfer, and this phenomenon is prevalent in ED areas with
higher care intensity [9,10]. The medium-high-intensity patient requires a set of tools for
their care (such as oxygen, non-invasive ventilation, telemetry, and monitoring of vital
parameters), and these are dependent on structural limits (i.e., the number of oxygen
outlets, ventilators, and monitors). The fact that more and more patients need to be placed
in areas of medium-high intensity of care, and the concurrent increase in the phenomenon
of exit blocks, result in a saturation of the resources which are available, with a consequent
increase in the time needed for patient management.

Increased LOS could also be due to other changes in the internal departmental organi-
zation (such as doctor and nurse turn-over, differences in the organization of shifts, etc.).
The relationship that exists between boarding times in the ED and patients’ outcomes is
still being analyzed. There is a need for larger studies to better analyze the influence that
boarding and exit blocks have on adverse ED outcomes [96].

4.3. UT and OT in the Geriatric Population

The geriatric population was found to be at increased risk of UT in this study. This
tendency remained constant during the 4LT and 5LT system periods, regardless of the
area of care intensity to which the patients were allocated [37,97–100]. This phenomenon
may be due to physiological changes during senescence, pain habits, and the inability to
communicate [101–120].

The geriatric population is expected to represent ~20% of the overall population by
2030. Importantly, geriatric patients are more complex, require more resources, and have
higher admission rates. Geriatric triage is more complex for various reasons. The interpre-
tation of vital signs in the geriatric is more challenging due to homeostatic mechanisms. For
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example, when considering the respiratory system of an aging individual, the lungs will
have less elastic recoil, and there will be increased dead space and a decreased physiologic
reserve. Therefore, a respiratory rate >27 breaths/minute in the elderly is an accurate
predictor of adverse events and can help to identify the critical patients. When considering
the cardiovascular system in the elderly, it is important to note that the combination of my-
ocardial thickening, arterial wall stiffness, and hypertension will result in an increase in the
workload of the heart. Elderly patients are more prone to events of orthostatic hypotension
due to larger pulse pressures and a reduced effect of circulating catecholamines. A systolic
blood pressure <110 mmHg often represents hypotension in geriatric patients, especially
among those with traumatic injuries. Resting heart rate also increases with age [101–104].
Analogous homeostatic changes also occur with the body’s temperature. Elderly patients
are also less likely to present with fever because of several factors, such as the presence
of a weaker immune system, a decreased cardiac output, and diminished muscle mass.
Consequently, slight temperature changes, as well as hypothermia, may represent severe
infection in this category of patients [105,121].

In addition to homeostatic changes, several factors that complicate pain assessment
should be considered. Elderly people may indeed have altered pain perception; an in-
creased risk of persistent pain; and, when cognitive impairment is present, they might have
difficulty in assessing pain and its location [106,107,122–124].

Other domains also require special consideration, such as the atypical presentations of
common diseases. For example, in geriatric patients, acute coronary syndromes are more
likely to present without chest pain. Meanwhile, patients with sepsis may have unaltered
parameters and symptoms which are not specific for the identification of the source of
the infection. Elderly people with pneumonia often present to the ED without respiratory
symptoms, and might not have any chest pain or fever. Some geriatric patients with acute
surgical abdomens report only mild pain [108,109].

These data agree with our results. We found that dyspnea and abdominal pain were
common in cases of UT. The atypical presentation and communication difficulties can be
responsible for a high UT symptomology classified as “minor signs and symptoms”.

Cognitive impairment in this population is also important to consider. Prospective ED
studies of patients older than 65 and 70 have evidenced delirium rates of 9.6% and 10%,
respectively. Sixteen percent of patients older than 70 years demonstrated an impairment
of their mental status, and six percent were found to meet the criteria for both delirium and
dementia. A great percentage of patients in the geriatric populations who were affected
by delirium were not correctly diagnosed, and several geriatric patients were discharged.
Early detection of acute changes in the cognitive behavior at triage and timely transmission
of this information to the remaining care team are extremely important [10,85,110,125].
These factors were likely at play among patients who experienced UT in our study.

Polypharmacy in the aged population should also be considered: 44% of US males and
57% of US females older than 65 take 5 or more medications per week. These patients are
particularly susceptible to adverse drug events (ADEs). Notably, ADEs account for up to
10% of geriatric ED presentations. Cardiovascular, diuretic, antibiotic, hypoglycemic, seda-
tive, opioid analgesic, anticholinergic, and anti-inflammatory medications are commonly
implicated in ADEs [126].

Finally, there is a constant increase in ED visits attributable to falls and trauma among
the elderly, with significant morbidity and mortality. However, unlike the younger cohorts,
falls are the major trauma mechanism and often occur as a consequence of decreased
autonomy, increased fragility, modifications in vision acuity, impaired muscle strength
with altered gait and balance issues, an acute medical event, or the introduction of a new
medication. In these patients, UT is potentially more frequent due to underestimation
of the gravity of the injury as well as of the impact of the comorbidities on the clinical
picture [111,126,127]. We found that patients with trauma and minor dynamics often
experienced UT. It is important to reduce UT in this category of fragile patients, thereby
improving recognition of critical situations. Further studies are needed to investigate
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possible ways to counteract the increase in OT while keeping the risk of UT to a minimum.
Correct triage of geriatric patients, even when adopting 5LT systems, remains an extremely
complicated task for triage teams. The implementation of triage algorithms through
artificial intelligence could help in overcoming age-related specificities.

4.4. Crowding Indices

The increase in LOS, exit blocks, boarding, and processing times provoked a net
increase in throughput and output factors, which, in consequence, caused an increase
in wait times, both in geriatric people and in young people. This trend was especially
observed with exit blocks, more than boarding, in low-intensity areas and for less-urgent
triage codes. In these conditions, the presence of an exit block resulted in a wait time which
was almost doubled. Additionally, the lengths of wait times for patients who required
prompt medical examination and who were assigned high priority codes (triage Codes 1 or
2) increased by approximately 25–30%.

These results confirm the effect of output factors on the flow in the ED. Processing and
LOS times are increased due to an increase in the phenomenon of exit blocks, and this in
turns influences all ED processes and flows, with a lengthening of wait and handling times.

Exit block allows for a reduction in the risk of OT for those patients assigned to low-
intensity care areas and who are given lower priority triage codes, and boarding reduces
OT in medium-high intensity care areas. Regarding, O.T.; in both cases, triage is more
accurate for patients, for both young and geriatric ones. This may be a consequence of
increased vigilance of the triage nurses during crowding. Nevertheless, this increased
specificity may be dependent on the fact that during prolonged wait times, patients can
undergo re-evaluations more often. The OT reduction is greater in areas of medium-high
intensity of care because it is likely that, in these patients, the attention of triage nurses is
concentrated in cases of crowding.

During crowding represented by boarding and, even more, by exit blocks, the under-
triage worsens: the situation of overcrowding caused by the output factors therefore
causes a reduced accuracy of the triage with regard to the under-triage. This reduction in
accuracy is probably also due to the lengthening of waiting times in the context of increased
crowding. It is interesting to note that 5LT proved to be more effective at minimizing UT
risk in the medium-high intensity area where, for young people, there is even a reduction
in the risk of UT. It is, therefore, the opinion of the authors that the increased risk of UT
is not only due to a lengthening of waiting times with a consequent increase in the stress
of triage nurses, but could also be due to an attitude of greater attention paid to the most
acute patients in crowding conditions, those destined for areas of medium-high intensity
of care. This attitude is more pronounced in younger patients and much reduced in elderly
patients, perhaps because of the greater insidiousness of the acute manifestation of geriatric
patients. The reasons for a more insidious manifestation in geriatric patients were reviewed
in the previous paragraph (change in homeostatic processes, lower reliability of some
vital parameters, difficulty in expressing symptoms by the geriatric patient, presence of
dementia, etc.).

The study, therefore, shows a greater susceptibility of geriatric patients during crowd-
ing. The use of artificial intelligence algorithms could reduce this risk, thus outlining a
need for studies in this sense for the future.

Finally, it should be noted that the doubling of crowding represented in Table 4 was
simultaneous to the beginning of the COVID-19 epidemic (2020), therefore putting a further
strain on the system. Thus, the 5LT system also confirmed the aforementioned advantages
in extreme conditions, such as those of the pandemic.

4.5. 5-Level Triage in COVID Patients

In the areas dedicated to COVID-19 patients, the waiting times were analogous to
the wait times of the general population. During the COVID-19 pandemic, the ED of our
hospital had to be deeply reorganized in order to reduce the risk of transmission of the
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infection as much as possible, and to better direct the flow of patients. During the first
phase of the pandemic in 2020, the positive COVID patients were admitted to a specific
area that had been created in the Infectious Disease department. The COVID patients who
were in need of hospital admission were subsequently referred to specialty inpatient wards
which were reserved for positive patients. Further on, when the pressure of the pandemic
decreased, the need to create separate flows of patients persisted, and a separated area
inside the general ED was rearranged. Simultaneously, the restrictions on visitors and
companions (except for special circumstances) were kept in place in order to minimize the
potential risk of contagion and retransmission. Screenings with rapid SARS-CoV-2 nasal
swabs, which allowed the results to be seen within 6 h, were performed upon presentation
to the hospital, and the results were of the utmost importance for identifying and redirecting
COVID-positive patients. Despite having process times which were comparable to those of
the general population, these patients were subjected to a higher mortality rate.

4.6. Strengths and Limitations of the Study

One of the main strengths of this study is the size of the cohort analyzed. Others
strong points consist of the fact are that it includes all the causes of access to triage in real
life and that it investigates the effects of crowding on the triage system by examining in
detail all the variables of crowding, as well as wait times and over- and under-triage. The
results of simulations that can be conducted to better manage the flow of patients in the ED
are of course important; however, even studies that are carefully tailored will eventually
not be representative of the “real life” scenarios when considering data that are obtained
over a longer period. This study, conducted on-site, permits the analysis of the events that
characterize a “real” clinical cohort, composed of geriatric patients as well as more complex
and fragile patients. However, it should be underlined that the study in question has two
main major limitations. It is, in fact, a retrospective study, with all the resulting limitations:
first of all, the impossibility of selecting patients a posteriori and, therefore, the possibility
that the result of the study is modulated by variables that the experimenter cannot control.
Furthermore, it is a single-center study, which therefore analyzes the catchment area of our
hospital. It will be necessary to carry out multicenter and prospective studies that validate
these data.

4.7. Future Directions

Our study demonstrates the superiority of the 5-level triage system in our reality. We
also underline the importance of multicenter studies representative of the various Italian
realities in order to be able to more strongly recommend the use of a 5-level triage system
as the standard in the Italian country.

Triage in geriatric people remains a real-life challenge. It is the opinion of the authors
that an improvement is possible through the use of artificial intelligence, thus opening up a
new field of research.

5. Conclusions

The waiting times for geriatric patients, when corrected for triage code, overlap with
those of younger patients. With the introduction of the 5-level triage system, geriatric
patients, as well as younger patients who required urgent medical examination but did not
require high care intensity, have seen reductions in waiting time.

Triage in the geriatric population remains an open challenge for the emergency physi-
cian, as these patients are at increased risk of UT and OT.

Increased waiting times have an influence on crowding indices, such as boarding and
exit blocks. The worsening of crowding output factors is accompanied by an increased
risk of UT. The 5LT already seems to improve the risks of UT and OT triage in crowding
conditions.

During the pandemic, and at the same time as a reduction in ED visits, we experienced
reduced wait times and increased UT. At the same time, exit blocks and boarding worsened.



J. Pers. Med. 2024, 14, 195 14 of 19

Author Contributions: Conceptualization, G.S., I.F.C. and M.A.B.; methodology, G.S., M.A.B., C.E.,
A.B. and E.O.; validation, G.S., I.F.C., M.A.B., G.R., C.E., A.P., Z.B., A.V. (Alessandro Venturi), A.V.
(Antonio Voza) and A.B.; formal analysis, E.O.; investigation, G.S., I.F.C. and M.A.B.; data curation,
G.S. and E.O.; writing—original draft, G.S. and E.O.; writing—review and editing, G.S., G.B.P. and
A.B.; visualization, I.F.C., M.A.B., G.B.P., V.N., S.C., R.L.; G.R., C.E., Y.L., A.P., Z.B., A.V. (Alessandro
Venturi), D.F. and A.B.; supervision, I.F.C., M.A.B., G.R., C.E., Z.B. and A.B.; project administration,
G.S. and I.F.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The studies involving human participants were reviewed
and approved by the San Matteo Hospital IRCCS Ethics Committee (protocol number: 20200114609,
approved on 14 June 2021).

Informed Consent Statement: No potentially identifiable human images or data are presented in
this study. According to national legislation and institutional requirements, this study did not require
informed consent for participation.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Chaou, C.H.; Chiu, T.F.; Pan, S.L.; Yen, A.M.; Chang, S.H.; Tang, P.; Lai, C.C.; Wang, R.F.; Chen, H.H. Quantifying Dynamic Flow

of Emergency Department (ED) Patient Managements: A Multistate Model Approach. Emerg. Med. Int. 2020, 2020, 2059379.
[CrossRef]

2. Hamamoto, J.; Yamase, H.; Yamase, Y. Impacts of the introduction of a triage system in Japan: A time series study. Int. Emerg.
Nurs. 2014, 22, 153–158. [CrossRef]

3. Ng, D.; Vail, G.; Thomas, S.; Schmidt, N. Applying the Lean principles of the Toyota Production System to reduce wait times in
the emergency department. Can. J. Emerg. Med. 2010, 12, 50–57. [CrossRef]

4. McGillicuddy, D.C.; O’Connell, F.J.; Shapiro, N.I.; Calder, S.A.; Mottley, L.J.; Roberts, J.C.; Sanchez, L.D. Emergency department
abnormal vital sign “triggers” program improves time to therapy. Acad. Emerg. Med. 2011, 18, 483–487. [CrossRef]

5. Maleki, M.; Fallah, R.; Riahi, L.; Delavari, S.; Rezaei, S. Effectiveness of Five-Level Emergency Severity Index Triage System
Compared with Three-Level Spot Check: An Iranian Experience. Arch. Trauma Res. 2015, 4, e29214. [CrossRef]

6. Christian, M.D. Triage. Crit. Care Clin. 2019, 35, 575–589. [CrossRef] [PubMed]
7. Weerasinghe, S.S.; Campbell, S.G. Homelessness and Emergency Department Use: Wait Time Disparities Across Triage Acuity

Levels. Cureus 2023, 15, e49520. [CrossRef] [PubMed]
8. Yuzeng, S.; Hui, L.L. Improving the wait time to triage at the emergency department. BMJ Open Qual. 2020, 9, e000708. [CrossRef]
9. Savioli, G.; Ceresa, I.F.; Maggioni, P.; Lava, M.; Ricevuti, G.; Manzoni, F.; Oddone, E.; Bressan, M.A. Impact of ED Organization

with a Holding Area and a Dedicated Team on the Adherence to International Guidelines for Patients with Acute Pulmonary
Embolism: Experience of an Emergency Department Organized in Areas of Intensity of Care. Medicines 2020, 7, 60. [CrossRef]

10. Savioli, G.; Ceresa, I.F.; Manzoni, F.; Ricevuti, G.; Bressan, M.A.; Oddone, E. Role of a Brief Intensive Observation Area with a
Dedicated Team of Doctors in the Management of Acute Heart Failure Patients: A Retrospective Observational Study. Medicina
2020, 56, 251. [CrossRef] [PubMed]

11. Alquraini, M.; Awad, E.; Hijazi, R. Reliability of Canadian Emergency Department Triage and Acuity Scale (CTAS) in Saudi
Arabia. Int. J. Emerg. Med. 2015, 8, 80. [CrossRef]

12. Considine, J.; Lucas, E.; Payne, R.; Kropman, M.; Stergiou, H.E.; Chiu, H. Analysis of three advanced practice roles in emergency
nursing. Australas. Emerg. Nurs. J. 2012, 15, 219–228. [CrossRef]

13. Gómez-Angelats, E.; Miró, Ò.; Bragulat Baur, E.; Antolín Santaliestra, A.; Sánchez Sánchez, M. Triage level assignment and nurse
characteristics and experience. Emergencias 2018, 30, 163–168, English, Spanish.

14. Rivers, E.P.; Katranji, M.; Jaehne, K.A.; Brown, S.; Abou Dagher, G.; Cannon, C.; Coba, V. Early interventions in severe sepsis and
septic shock: A review of the evidence one decade later. Minerva Anestesiol. 2012, 78, 712–724.

15. Savioli, G.; Ceresa, I.F.; Bressan, M.A.; Piccini, G.B.; Varesi, A.; Novelli, V.; Muzzi, A.; Cutti, S.; Ricevuti, G.; Esposito, C.; et al.
Five Level Triage vs. Four Level Triage in a Quaternary Emergency Department: National Analysis on Waiting Time, Validity,
and Crowding-The CREONTE (Crowding and RE-Organization National TriagE) Study Group. Medicina 2023, 59, 781. [CrossRef]

16. Kim, J.H.; Kim, S.K.; Choi, J.; Lee, Y. Reliability of ChatGPT for performing triage task in the emergency department using the
Korean Triage and Acuity Scale. Digit. Health 2024, 10, 20552076241227132. [CrossRef] [PubMed]

17. Høyvik, H.E.; Straume, V.; Østerås, Ø.; Engan, M. Triaging of acutely ill children transported by ambulance. Tidsskr Nor Laegeforen
2024, 144. [CrossRef] [PubMed]

https://doi.org/10.1155/2020/2059379
https://doi.org/10.1016/j.ienj.2013.10.006
https://doi.org/10.1017/S1481803500012021
https://doi.org/10.1111/j.1553-2712.2011.01056.x
https://doi.org/10.5812/atr.29214
https://doi.org/10.1016/j.ccc.2019.06.009
https://www.ncbi.nlm.nih.gov/pubmed/31445606
https://doi.org/10.7759/cureus.49520
https://www.ncbi.nlm.nih.gov/pubmed/38161888
https://doi.org/10.1136/bmjoq-2019-000708
https://doi.org/10.3390/medicines7100060
https://doi.org/10.3390/medicina56050251
https://www.ncbi.nlm.nih.gov/pubmed/32455837
https://doi.org/10.1186/s12245-015-0080-5
https://doi.org/10.1016/j.aenj.2012.10.001
https://doi.org/10.3390/medicina59040781
https://doi.org/10.1177/20552076241227132
https://www.ncbi.nlm.nih.gov/pubmed/38250148
https://doi.org/10.4045/tidsskr.23.0480
https://www.ncbi.nlm.nih.gov/pubmed/38258724


J. Pers. Med. 2024, 14, 195 15 of 19

18. Yamamoto, A.; Kuriyama, A.; Ikegami, T. Validity of a five-level prehospital triage system in Japan: A cohort study. Am. J. Emerg.
Med. 2021, 45, 329–334. [CrossRef] [PubMed]

19. Liu, T.T.; Cheng, C.T.; Hsu, C.P.; Chaou, C.H.; Ng, C.J.; Jeng, M.J.; Chang, Y.C. Validation of a five-level triage system in pediatric
trauma and the effectiveness of triage nurse modification: A multi-center cohort analysis. Front. Med. 2022, 9, 947501. [CrossRef]
[PubMed]

20. Kuriyama, A.; Urushidani, S.; Nakayama, T. Five-level emergency triage systems: Variation in assessment of validity. Emerg. Med.
J. 2017, 34, 703–710. [CrossRef] [PubMed]

21. Chakraborty, R.; Achour, N. Setting Up a Just and Fair ICU Triage Process during a Pandemic: A Systematic Review. Healthcare
2024, 12, 146. [CrossRef]

22. Chien, C.Y.; Chaou, C.H.; Yeh, C.C.; Hsu, K.H.; Gao, S.Y.; Ng, C.J. Using mobility status as a frailty indicator to improve the
accuracy of a computerised five-level triage system among older patients in the emergency department. BMC Emerg. Med. 2022,
22, 86. [CrossRef]

23. Zachariasse, J.M.; van der Hagen, V.; Seiger, N.; Mackway-Jones, K.; van Veen, M.; Moll, H.A. Performance of triage systems in
emergency care: A systematic review and meta-analysis. BMJ Open 2019, 9, e026471. [CrossRef]

24. Davis, S.; Ju, C.; Marchandise, P.; Diagne, M.; Grant, L. Impact of Pain Assessment on Canadian Triage and Acuity Scale Prediction
of Patient Outcomes. Ann. Emerg. Med. 2022, 79, 433–440. [CrossRef]

25. Shi, H.X.; Wu, J.Z.; Chen, G.B.; Zhu, B.Z.; Yan, W.Y.; Chen, L.; Xiao, Y.J.; Zhang, L.Y. Application of the five-level pediatric
emergency triage system: A single center study. Zhonghua Er Ke Za Zhi 2018, 56, 933–938. (In Chinese) [CrossRef] [PubMed]

26. Chmielewski, N.; Moretz, J. ESI Triage Distribution in U.S. Emergency Departments. Adv. Emerg. Nurs. J. 2022, 44, 46–53.
[CrossRef]

27. Jesus, A.P.S.; Okuno, M.F.P.; Campanharo, C.R.V.; Lopes, M.C.B.T.; Batista, R.E.A. Manchester Triage System: Assessment in an
emergency hospital service. Rev. Bras. Enferm. 2021, 74, e20201361. [CrossRef]

28. Peta, D.; Day, A.; Lugari, W.S.; Gorman, V.; Ahayalimudin, N.; Pajo, V.M.T. Triage: A Global Perspective. J. Emerg. Nurs. 2023, 49,
814–825. [CrossRef] [PubMed]

29. Marincowitz, C.; Hasan, M.; Omer, Y.; Hodkinson, P.; McAlpine, D.; Goodacre, S.; Bath, P.A.; Fuller, G.; Sbaffi, L.; Wallis,
L. Prognostic accuracy of eight triage scores in suspected COVID-19 in an Emergency Department low-income setting: An
observational cohort study. Afr. J. Emerg. Med. 2024, 14, 51–57. [CrossRef] [PubMed]

30. Davis, S.; Ju, C.; Marchandise, P.; Diagne, M.; Grant, L. The Effect of Human Supervision on an Electronic Implementation of the
Canadian Triage Acuity Scale (CTAS). J. Emerg. Med. 2022, 63, 498–506. [CrossRef] [PubMed]

31. Pham, K.D.; Lim, F.A. The Impact of Geriatric-Specific Triage Tools Among Older Adults in the Emergency Department. Crit.
Care Nurs. Q. 2020, 43, 39–57. [CrossRef]

32. Tejero, I.; Amor, E.; Vázquez-Ibar, O. Virtual geriatric and frailty assessment for older adults with cancer. Curr. Opin. Support.
Palliat. Care 2024, 18, 16–21. [CrossRef]

33. Blomaard, L.C.; Speksnijder, C.; Lucke, J.A.; de Gelder, J.; Anten, S.; Schuit, S.C.E.; Steyerberg, E.W.; Gussekloo, J.; de Groot, B.;
Mooijaart, S.P. Geriatric Screening, Triage Urgency, and 30-Day Mortality in Older Emergency Department Patients. J. Am. Geriatr.
Soc. 2020, 68, 1755–1762. [CrossRef] [PubMed]

34. de Groot, A.J.; Wattel, E.M.; van Dam, C.S.; van Balen, R.; van der Wouden, J.C.; Hertogh, C.M.P.M. Referral to geriatric
rehabilitation: A scoping review of triage factors in acutely hospitalised older patients. Age Ageing 2022, 51, afac015. [CrossRef]
[PubMed]

35. Groening, M.; Wilke, P. Triage, Screening und Assessment des alten Menschen in der Notaufnahme [Triage, screening, and
assessment of geriatric patients in the emergency department]. Med. Klin. Intensivmed. Notfmed. 2020, 115, 8–15. (In German)
[CrossRef] [PubMed]

36. Alshibani, A.; Alharbi, M.; Conroy, S. Under-triage of older trauma patients in prehospital care: A systematic review. Eur. Geriatr.
Med. 2021, 12, 903–919. [CrossRef] [PubMed]

37. Hoyle, A.C.; Biant, L.C.; Young, M. Undertriage of the elderly major trauma patient continues in major trauma centre care: A
retrospective cohort review. Emerg. Med. J. 2020, 37, 508–514. [CrossRef] [PubMed]

38. Bullard, M.J.; Melady, D.; Emond, M.; members of the CTAS National working group; Musgrave, E.; Unger, B.; van der Linde,
E.; Grierson, R.; Skeldon, T.; Warren, D.; et al. Guidance when Applying the Canadian Triage and Acuity Scale (CTAS) to the
Geriatric Patient: Executive Summary. Can. J. Emerg. Med. 2017, 19 (Suppl. S2), S28–S37, Erratum in Can. J. Emerg. Med. 2017,
19, 415. [CrossRef] [PubMed]

39. Javidi, S.; Movahedi, M.; Honarmand, A.; Mirafzal, A. Emergency Severity Index Triage in Iran: A Comparison between Age
Groups in a Trauma Center. Adv. Emerg. Nurs. J. 2023, 45, 145–153. [CrossRef]

40. Savioli, G.; Bressan, M.; Ceresa, I. How Many Patients Are Triaged Using Five-Level Triage Scales Compared to Any Other Triage
Acuity System in Italy? A SIMEU (Italian Scientific Society of Emergency Medicine) Faculty Triage Survey. In Proceedings of the
European Emergency Medicine Congress, Lisbon, Portugal, 27–31 October 2021.

41. Bullard, M.J.; Musgrave, E.; Warren, D.; Unger, B.; Skeldon, T.; Grierson, R.; van der Linde, E.; Swain, J. Revisions to the Canadian
Emergency Department Triage and Acuity Scale (CTAS) Guidelines 2016. Can. J. Emerg. Med. 2017, 19 (Suppl. S2), S18–S27.
[CrossRef]

https://doi.org/10.1016/j.ajem.2020.08.079
https://www.ncbi.nlm.nih.gov/pubmed/33041143
https://doi.org/10.3389/fmed.2022.947501
https://www.ncbi.nlm.nih.gov/pubmed/36388924
https://doi.org/10.1136/emermed-2016-206295
https://www.ncbi.nlm.nih.gov/pubmed/28751363
https://doi.org/10.3390/healthcare12020146
https://doi.org/10.1186/s12873-022-00646-0
https://doi.org/10.1136/bmjopen-2018-026471
https://doi.org/10.1016/j.annemergmed.2022.01.014
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.12.009
https://www.ncbi.nlm.nih.gov/pubmed/30518008
https://doi.org/10.1097/TME.0000000000000390
https://doi.org/10.1590/0034-7167-2020-1361
https://doi.org/10.1016/j.jen.2023.08.004
https://www.ncbi.nlm.nih.gov/pubmed/37925222
https://doi.org/10.1016/j.afjem.2023.12.004
https://www.ncbi.nlm.nih.gov/pubmed/38317781
https://doi.org/10.1016/j.jemermed.2022.01.014
https://www.ncbi.nlm.nih.gov/pubmed/35361511
https://doi.org/10.1097/CNQ.0000000000000290
https://doi.org/10.1097/SPC.0000000000000696
https://doi.org/10.1111/jgs.16427
https://www.ncbi.nlm.nih.gov/pubmed/32246476
https://doi.org/10.1093/ageing/afac015
https://www.ncbi.nlm.nih.gov/pubmed/35150588
https://doi.org/10.1007/s00063-019-00634-6
https://www.ncbi.nlm.nih.gov/pubmed/31792560
https://doi.org/10.1007/s41999-021-00512-5
https://www.ncbi.nlm.nih.gov/pubmed/34110604
https://doi.org/10.1136/emermed-2019-208541
https://www.ncbi.nlm.nih.gov/pubmed/32546474
https://doi.org/10.1017/cem.2017.363
https://www.ncbi.nlm.nih.gov/pubmed/28756798
https://doi.org/10.1097/TME.0000000000000456
https://doi.org/10.1017/cem.2017.365


J. Pers. Med. 2024, 14, 195 16 of 19

42. Available online: https://www.parliament.vic.gov.au/images/stories/documents/council/scfpa/hospitals/submissions/scfpa_
hospitals_06_app.pdf (accessed on 3 January 2020).

43. Vermeulen, M.J.; Guttmann, A.; Stukel, T.A.; Kachra, A.; Sivilotti, M.L.; Rowe, B.H.; Dreyer, J.; Bell, R.; Schull, M. Are reductions
in emergency department length of stay associated with improvements in quality of care? A difference-in-differences analysis.
BMJ Qual. Saf. 2016, 25, 489–498. [CrossRef] [PubMed]

44. Wu, L.; Chen, X.; Khalemsky, A.; Li, D.; Zoubeidi, T.; Lauque, D.; Alsabri, M.; Boudi, Z.; Kumar, V.A.; Paxton, J.; et al. The
Association between Emergency Department Length of Stay and In-Hospital Mortality in Older Patients Using Machine Learning:
An Observational Cohort Study. J. Clin. Med. 2023, 12, 4750. [CrossRef]

45. Lauque, D.; Khalemsky, A.; Boudi, Z.; Östlundh, L.; Xu, C.; Alsabri, M.; Onyeji, C.; Cellini, J.; Intas, G.; Soni, K.D.; et al.
Length-of-Stay in the Emergency Department and In-Hospital Mortality: A Systematic Review and Meta-Analysis. J. Clin. Med.
2022, 12, 32. [CrossRef] [PubMed]

46. Elrod, J.K.; Fortenberry, J.L., Jr. The hub-and-spoke organization design: An avenue for serving patients well. BMC Health Serv.
Res. 2017, 17 (Suppl. S1), 457. [CrossRef]

47. Fernandes, C.M.; Tanabe, P.; Gilboy, N.; Johnson, L.A.; McNair, R.S.; Rosenau, A.M.; Sawchuk, P.; Thompson, D.A.; Travers, D.A.;
Bonalumi, N.; et al. Five-level triage: A report from the ACEP/ENA Five-level Triage Task Force. J. Emerg. Nurs. 2005, 31, 39–118.
[CrossRef]

48. Chin, B.; Alter, N.; Wright, D.D.; Arif, H.; Haddadi, M.; OLeary, J.; Elkbuli, A. Assessing Effectiveness and Efficiency of Need for
Trauma Intervention (NFTI) and Modified NFTI in Identifying Overtriage and Undertriage Rates and Associated Outcomes. Am.
Surg. 2023, 89, 6181–6189. [CrossRef]

49. Jones, E.K.; Tignanelli, C.J. Postoperative Intensive Care Unit Overtriage: An Application of Machine Learning. Ann. Surg. 2023,
277, 186–187. [CrossRef] [PubMed]

50. Olofsson, P.; Gellerstedt, M.; Carlström, E.D. Manchester Triage in Sweden—Interrater reliability and accuracy. Int. Emerg. Nurs.
2009, 17, 143–148. [CrossRef]

51. Hernández Ruipérez, T.; Leal Costa, C.; Adánez Martínez, M.G.; García Pérez, B.; Nova López, D.; Díaz Agea, J.L. Evidencias
de validez del sistema de triaje Emergency Severity Index en un servicio de urgencias de un hospital general [Evidence of the
validity of the Emergency Severity Index for triage in a general hospital emergency department]. Emergencias 2015, 27, 301–306.

52. Hansoti, B.; Jenson, A.; Keefe, D.; De Ramirez, S.S.; Anest, T.; Twomey, M.; Lobner, K.; Kelen, G.; Wallis, L. Reliability and validity
of pediatric triage tools evaluated in Low resource settings: A systematic review. BMC Pediatr. 2017, 17, 37. [CrossRef]

53. Simon, H., Jr.; Schvartsman, C.; Sukys, G.A.; Farhat, S.C.L. Pediatric emergency triage systems. Rev. Paul. Pediatr. 2022,
41, e2021038. [CrossRef]

54. Jones, P.; Wells, S.; Ameratunga, S. Towards a best measure of emergency department crowding: Lessons from current Australasian
practice. Emerg. Med. Australas. 2018, 30, 214–221. [CrossRef] [PubMed]

55. Kenny, J.F.; Chang, B.C.; Hemmert, K.C. Factors Affecting Emergency Department Crowding. Emerg. Med. Clin. N. Am. 2020, 38,
573–587. [CrossRef]

56. Franklin, B.J.; Vakili, S.; Huckman, R.S.; Hosein, S.; Falk, N.; Cheng, K.; Murray, M.; Harris, S.; Morris, C.A.; Goralnick, E. The
Inpatient Discharge Lounge as a Potential Mechanism to Mitigate Emergency Department Boarding and Crowding. Ann. Emerg.
Med. 2020, 75, 704–714. [CrossRef] [PubMed]

57. Morley, C.; Unwin, M.; Peterson, G.M.; Stankovich, J.; Kinsman, L. Emergency department crowding: A systematic review of
causes, consequences and solutions. PLoS ONE 2018, 13, e0203316. [CrossRef] [PubMed]

58. Gross, T.K.; Lane, N.E.; Timm, N.L.; Committee on Pediatric Emergency Medicine. Crowding in the Emergency Department:
Challenges and Recommendations for the Care of Children. Pediatrics 2023, 151, e2022060971. [CrossRef] [PubMed]

59. Brasseur, E.; Gilbert, A.; Servotte, J.C.; Donneau, A.F.; D’Orio, V.; Ghuysen, A. Emergency department crowding: Why do patients
walk-in? Acta Clin. Belg. 2021, 76, 217–223. [CrossRef]

60. Wretborn, J.; Wilhelms, D.B.; Ekelund, U. Emergency department crowding and mortality: An observational multicenter study in
Sweden. Front. Public Health 2023, 11, 1198188. [CrossRef]

61. Voaklander, B.; Gaudet, L.A.; Kirkland, S.W.; Keto-Lambert, D.; Villa-Roel, C.; Rowe, B.H. Interventions to improve consultations
in the emergency department: A systematic review. Acad. Emerg. Med. 2022, 29, 1475–1495. [CrossRef]

62. Gross, T.K.; Lane, N.E.; Timm, N.L.; Committee on Pediatric Emergency Medicine. Crowding in the Emergency Department:
Challenges and Best Practices for the Care of Children. Pediatrics 2023, 151, e2022060972. [CrossRef]

63. McNeilly, B.P.; Lawner, B.J.; Chizmar, T.P. The Chronicity of Emergency Department Crowding and Rethinking the Temporal
Boundaries of Disaster Medicine. Ann. Emerg. Med. 2023, 81, 282–285. [CrossRef]

64. Scott, B.S.; Fahimi, J.; Mourad, M. Addressing the Emergency Department Crowding Crisis: Is Discharge by Noon Really the
Answer? Jt. Comm. J. Qual. Patient Saf. 2023, 49, 179–180. [CrossRef]

65. Soriano, P.; Kanis, J.; Abulebda, K.; Schwab, S.; Coffee, R.L., Jr.; Wagers, B. Determining the Association Between Emergency
Department Crowding and Debriefing After Pediatric Trauma Resuscitations. Pediatr. Emerg. Care 2023, 39, 848–852. [CrossRef]
[PubMed]

66. Lindner, G.; Woitok, B.K. Emergency department overcrowding: Analysis and strategies to manage an international phenomenon.
Wien Klin. Wochenschr. 2021, 133, 229–233. [CrossRef]

https://www.parliament.vic.gov.au/images/stories/documents/council/scfpa/hospitals/submissions/scfpa_hospitals_06_app.pdf
https://www.parliament.vic.gov.au/images/stories/documents/council/scfpa/hospitals/submissions/scfpa_hospitals_06_app.pdf
https://doi.org/10.1136/bmjqs-2015-004189
https://www.ncbi.nlm.nih.gov/pubmed/26271919
https://doi.org/10.3390/jcm12144750
https://doi.org/10.3390/jcm12010032
https://www.ncbi.nlm.nih.gov/pubmed/36614835
https://doi.org/10.1186/s12913-017-2341-x
https://doi.org/10.1016/j.jen.2004.11.002
https://doi.org/10.1177/00031348231191225
https://doi.org/10.1097/SLA.0000000000005541
https://www.ncbi.nlm.nih.gov/pubmed/35730429
https://doi.org/10.1016/j.ienj.2008.11.008
https://doi.org/10.1186/s12887-017-0796-x
https://doi.org/10.1590/1984-0462/2023/41/2021038
https://doi.org/10.1111/1742-6723.12868
https://www.ncbi.nlm.nih.gov/pubmed/28941074
https://doi.org/10.1016/j.emc.2020.04.001
https://doi.org/10.1016/j.annemergmed.2019.12.002
https://www.ncbi.nlm.nih.gov/pubmed/31983501
https://doi.org/10.1371/journal.pone.0203316
https://www.ncbi.nlm.nih.gov/pubmed/30161242
https://doi.org/10.1542/peds.2022-060971
https://www.ncbi.nlm.nih.gov/pubmed/36808290
https://doi.org/10.1080/17843286.2019.1710040
https://doi.org/10.3389/fpubh.2023.1198188
https://doi.org/10.1111/acem.14520
https://doi.org/10.1542/peds.2022-060972
https://doi.org/10.1016/j.annemergmed.2022.07.016
https://doi.org/10.1016/j.jcjq.2023.01.010
https://doi.org/10.1097/PEC.0000000000002900
https://www.ncbi.nlm.nih.gov/pubmed/36728549
https://doi.org/10.1007/s00508-019-01596-7


J. Pers. Med. 2024, 14, 195 17 of 19

67. Schmitz, G.R.; Viccellio, P.; Litvak, E. Emergency Department Crowding after Coronavirus Disease 2019: Time to Change the
Hospital Paradigm. Ann. Emerg. Med. 2023, 82, 661–663. [CrossRef]

68. Moskop, J.C.; Geiderman, J.M.; Marshall, K.D.; McGreevy, J.; Derse, A.R.; Bookman, K.; McGrath, N.; Iserson, K.V. Another Look
at the Persistent Moral Problem of Emergency Department Crowding. Ann. Emerg. Med. 2019, 74, 357–364. [CrossRef] [PubMed]

69. Carter, E.J.; Pouch, S.M.; Larson, E.L. The relationship between emergency department crowding and patient outcomes: A
systematic review. J. Nurs. Scholarsh. 2014, 46, 106–115. [CrossRef] [PubMed]

70. Liston, P.; Conyngham, G.; Brady, M.; Byrne, P.J.; Gilligan, P. Growing Old in the Emergency Department. Ir. Med. J. 2017, 110, 621.
71. De Freitas, L.; Goodacre, S.; O’Hara, R.; Thokala, P.; Hariharan, S. Interventions to improve patient flow in emergency departments:

An umbrella review. Emerg. Med. J. 2018, 35, 626–637. [CrossRef]
72. Wartelle, A.; Mourad-Chehade, F.; Yalaoui, F.; Laplanche, D.; Sanchez, S. Analysis of Saturation in the Emergency Department: A

Data-Driven Queuing Model Using Machine Learning. Stud. Health Technol. Inform. 2022, 294, 88–92. [CrossRef]
73. Javidan, A.P.; Hansen, K.; Higginson, I.; Jones, P.; Lang, E.; IFEM Task Force on Emergency Department Crowding, Access Block.

The International Federation for Emergency Medicine report on emergency department crowding and access block: A brief
summary. Can. J. Emerg. Med. 2021, 23, 26–28. [CrossRef] [PubMed]

74. Chiu, I.M.; Lin, Y.R.; Syue, Y.J.; Kung, C.T.; Wu, K.H.; Li, C.J. The influence of crowding on clinical practice in the emergency
department. Am. J. Emerg. Med. 2018, 36, 56–60. [CrossRef] [PubMed]

75. Baugh, C.W.; Freund, Y.; Steg, P.G.; Body, R.; Maron, D.J.; Yiadom, M.Y.A.B. Strategies to mitigate emergency department
crowding and its impact on cardiovascular patients. Eur. Heart J. Acute Cardiovasc. Care 2023, 12, 633–643. [CrossRef] [PubMed]

76. Eiset, A.H.; Kirkegaard, H.; Erlandsen, M. Crowding in the emergency department in the absence of boarding—A transition
regression model to predict departures and waiting time. BMC Med. Res. Methodol. 2019, 19, 68. [CrossRef] [PubMed]

77. Chan, S.S.; Cheung, N.K.; Graham, C.A.; Rainer, T.H. Strategies and solutions to alleviate access block and overcrowding in
emergency departments. Hong Kong Med. J. 2015, 21, 345–352. [CrossRef] [PubMed]

78. Smith, A.J.; Patterson, B.W.; Pulia, M.S.; Mayer, J.; Schwei, R.J.; Nagarajan, R.; Liao, F.; Shah, M.N.; Boutilier, J.J. Multisite
evaluation of prediction models for emergency department crowding before and during the COVID-19 pandemic. J. Am. Med.
Inform. Assoc. 2023, 30, 292–300. [CrossRef] [PubMed]

79. Pearce, S.; Marchand, T.; Shannon, T.; Ganshorn, H.; Lang, E. Emergency department crowding: An overview of reviews
describing measures causes, and harms. Intern. Emerg. Med. 2023, 18, 1137–1158. [CrossRef]

80. Al-Qahtani, S.; Alsultan, A.; Haddad, S.; Alsaawi, A.; Alshehri, M.; Alsolamy, S.; Felebaman, A.; Tamim, H.M.; Aljerian, N.;
Al-Dawood, A.; et al. The association of duration of boarding in the emergency room and the outcome of patients admitted to the
intensive care unit. BMC Emerg. Med. 2017, 17, 34. [CrossRef]

81. Cha, W.C.; Cho, J.S.; Shin, S.D.; Lee, E.J.; Ro, Y.S. The impact of prolonged boarding of successfully resuscitated out-of-hospital
cardiac arrest patients on survival-to-discharge rates. Resuscitation 2015, 90, 25–29. [CrossRef]

82. Eiset, A.H.; Erlandsen, M.; Møllekær, A.B.; Mackenhauer, J.; Kirkegaard, H. A generic method for evaluating crowding in the
emergency department. BMC Emerg. Med. 2016, 16, 21. [CrossRef]

83. Noel, G.; Drigues, C.; Viudes, G.; Fedoru Crowding Working Group. Which indicators to include in a crowding scale in an
emergency department? A national French Delphi study. Eur. J. Emerg. Med. 2018, 25, 257–263. [CrossRef]

84. Savioli, G.; Ceresa, I.F.; Gri, N.; Bavestrello Piccini, G.; Longhitano, Y.; Zanza, C.; Piccioni, A.; Esposito, C.; Ricevuti, G.; Bressan,
M.A. Emergency Department Overcrowding: Understanding the Factors to Find Corresponding Solutions. J. Pers. Med. 2022,
12, 279. [CrossRef]

85. Savioli, G.; Ceresa, I.F.; Novelli, V.; Ricevuti, G.; Bressan, M.A.; Oddone, E. How the coronavirus disease 2019 pandemic changed
the patterns of healthcare utilization by geriatric patients and the crowding: A call to action for effective solutions to the access
block. Intern. Emerg. Med. 2022, 17, 503–514. [CrossRef] [PubMed]

86. Savioli, G.; Ceresa, I.F.; Guarnone, R.; Muzzi, A.; Novelli, V.; Ricevuti, G.; Iotti, G.A.; Bressan, M.A.; Oddone, E. Impact of
Coronavirus Disease 2019 Pandemic on Crowding: A Call to Action for Effective Solutions to “Access Block”. West J. Emerg. Med.
2021, 22, 860–870. [CrossRef] [PubMed]

87. Jaboyedoff, M.; Starvaggi, C.; Suris, J.C.; Kuehni, C.E.; Gehri, M.; Keitel, K. Drivers for low-acuity pediatric emergency department
visits in two tertiary hospitals in Switzerland: A cross-sectional, questionnaire-based study. BMC Health Serv. Res. 2024, 24, 103.
[CrossRef]

88. Lahiri, K.; Indrasena, B.S.H.; Aylott, J. Unprecedented times in the emergency department: Are “board rounds” and leadership
the missing links to improve patient flow? Leadersh. Health Serv. 2021, 35, 74–90. [CrossRef]

89. Savioli, G.; Ceresa, I.F.; Novara, E.; Persiano, T.; Grulli, F.; Ricevuti., G.; Bressan, M.A.; Oddone, E. Brief Intensive Observation
areas in the management of acute heart failure in elderly patients leading to high stabilisation rate and less admissions. J. Gerontol.
Geriatr. 2021, 69, 87–97. [CrossRef]

90. Wolf, L.A.; Lo, A.X.; Serina, P.; Chary, A.; Sri-On, J.; Shankar, K.; Sano, E.; Liu, S.W. Frailty assessment tools in the emergency
department: A geriatric emergency department guidelines 2.0 scoping review. J. Am. Coll. Emerg Physicians Open 2023, 5, e13084.
[CrossRef]

91. Bonfichi, A.; Ceresa, I.F.; Piccioni, A.; Zanza, C.; Longhitano, Y.; Boudi, Z.; Esposito, C.; Savioli, G. A Lethal Combination of
Delirium and Overcrowding in the Emergency Department. J. Clin. Med. 2023, 12, 6587. [CrossRef]

https://doi.org/10.1016/j.annemergmed.2023.08.008
https://doi.org/10.1016/j.annemergmed.2018.11.029
https://www.ncbi.nlm.nih.gov/pubmed/30579619
https://doi.org/10.1111/jnu.12055
https://www.ncbi.nlm.nih.gov/pubmed/24354886
https://doi.org/10.1136/emermed-2017-207263
https://doi.org/10.3233/SHTI220402
https://doi.org/10.1007/s43678-020-00065-9
https://www.ncbi.nlm.nih.gov/pubmed/33683618
https://doi.org/10.1016/j.ajem.2017.07.011
https://www.ncbi.nlm.nih.gov/pubmed/28705743
https://doi.org/10.1093/ehjacc/zuad049
https://www.ncbi.nlm.nih.gov/pubmed/37163667
https://doi.org/10.1186/s12874-019-0710-3
https://www.ncbi.nlm.nih.gov/pubmed/30922240
https://doi.org/10.12809/hkmj144399
https://www.ncbi.nlm.nih.gov/pubmed/26087756
https://doi.org/10.1093/jamia/ocac214
https://www.ncbi.nlm.nih.gov/pubmed/36308445
https://doi.org/10.1007/s11739-023-03239-2
https://doi.org/10.1186/s12873-017-0143-4
https://doi.org/10.1016/j.resuscitation.2015.02.004
https://doi.org/10.1186/s12873-016-0083-4
https://doi.org/10.1097/MEJ.0000000000000454
https://doi.org/10.3390/jpm12020279
https://doi.org/10.1007/s11739-021-02732-w
https://www.ncbi.nlm.nih.gov/pubmed/34106397
https://doi.org/10.5811/westjem.2021.2.49611
https://www.ncbi.nlm.nih.gov/pubmed/35354013
https://doi.org/10.1186/s12913-023-10348-3
https://doi.org/10.1108/LHS-06-2021-0056
https://doi.org/10.36150/2499-6564-446
https://doi.org/10.1002/emp2.13084
https://doi.org/10.3390/jcm12206587


J. Pers. Med. 2024, 14, 195 18 of 19

92. Wilkins, T.; Shiver, S.; Butler, C.; Corcoran, L.; Marshall, R.; Brody, C.; Cliett, K.; Nolan, M.A.; Sowinski, T.; Schreiber, M.
Development of an Emergency Department Surge Plan Based on the NEDOCS score. Ann. Fam. Med. 2024, 21 (Suppl. S3), 4789.
[CrossRef]

93. Vlodaver, Z.K.; Anderson, J.P.; Brown, B.E.; Zwank, M.D. Emergency medicine physicians’ ability to predict hospital admission at
the time of triage. Am. J. Emerg. Med. 2019, 37, 478–481. [CrossRef]

94. Herzog, S.M.; Jenny, M.A.; Nickel, C.H.; Nieves Ortega, R.; Bingisser, R. Emergency department patients with weakness or
fatigue: Can physicians predict their outcomes at the front door? A prospective observational study. PLoS ONE 2020, 15, e0239902.
[CrossRef]

95. Zwank, M.D.; Koops, J.J.; Adams, N.R. Provider-in-triage prediction of hospital admission after brief patient interaction. Am. J.
Emerg. Med. 2021, 40, 60–63. [CrossRef] [PubMed]

96. Boudi, Z.; Lauque, D.; Alsabri, M.; Östlundh, L.; Oneyji, C.; Khalemsky, A.; Rial, C.L.; Liu, S.W.; Camargo, C.A.; Aburawi, E.; et al.
Association between boarding in the emergency department and in-hospital mortality: A systematic review. PLoS ONE 2020,
15, e0231253. [CrossRef] [PubMed]

97. Chang, Y.C.; Ng, C.J.; Wu, C.T.; Chen, L.C.; Chen, J.C.; Hsu, K.H. Effectiveness of a five-level Paediatric Triage System: An
analysis of resource utilisation in the emergency department in Taiwan. Emerg. Med. J. 2013, 30, 735–739. [CrossRef]

98. Morris, R.S.; Karam, B.S.; Murphy, P.B.; Jenkins, P.; Milia, D.J.; Hemmila, M.R.; Haines, K.L.; Puzio, T.J.; de Moya, M.A.; Tignanelli,
C.J. Field-Triage, Hospital-Triage and Triage-Assessment: A Literature Review of the Current Phases of Adult Trauma Triage. J.
Trauma Acute Care Surg. 2021, 90, e138–e145. [CrossRef] [PubMed]

99. Lerner, E.B.; Cushman, J.T.; Drendel, A.L.; Badawy, M.; Shah, M.N.; Guse, C.E.; Cooper, A. Effect of the 2011 Revisions to the
Field Triage Guidelines on Under- and Over-Triage Rates for Pediatric Trauma Patients. Prehosp. Emerg. Care 2017, 21, 456–460.
[CrossRef] [PubMed]

100. Ellebrecht, N. Why Is Treatment Urgency Often Overestimated? An Experimental Study on the Phenomenon of Over-triage.
Disaster Med. Public Health Prep. 2020, 14, 563–567. [CrossRef]

101. Zhang, D.Y.; Shy, B.; Genes, N. Early Rooming Triage: Accuracy and Demographic Factors Associated with Clinical Acuity. West
J. Emerg. Med. 2022, 23, 145–151. [CrossRef]

102. Dani, M.; Dirksen, A.; Taraborrelli, P.; Panagopolous, D.; Torocastro, M.; Sutton, R.; Lim, P.B. Orthostatic hypotension in older
people: Considerations, diagnosis and management. Clin. Med. 2021, 21, e275–e282. [CrossRef]

103. Brown, J.B.; Gestring, M.L.; Forsythe, R.M.; Stassen, N.A.; Billiar, T.R.; Peitzman, A.B.; Sperry, J.L. Systolic blood pressure criteria
in the National Trauma Triage Protocol for geriatric trauma: 110 is the new 90. J. Trauma Acute Care Surg. 2015, 78, 352–359.
[CrossRef] [PubMed]

104. Wod, M.; Jensen, M.T.; Galatius, S.; Hjelmborg, J.B.; Jensen, G.B.; Christensen, K. Resting heart rate and mortality in the very old.
Scand. J. Clin. Lab. Investig. 2019, 79, 566–571. [CrossRef] [PubMed]

105. Shimazui, T.; Nakada, T.A.; Walley, K.R.; Oshima, T.; Abe, T.; Ogura, H.; Shiraishi, A.; Kushimoto, S.; Saitoh, D.; Fujishima, S.;
et al. Significance of body temperature in elderly patients with sepsis. Crit. Care 2020, 24, 387. [CrossRef] [PubMed]

106. Soler-Sanchis, A.; Martínez-Arnau, F.M.; Sánchez-Frutos, J.; Pérez-Ros, P. Clinical Risk Group as a predictor of mortality in
delirious older adults in the emergency department. Exp. Gerontol. 2023, 174, 112129. [CrossRef] [PubMed]

107. Rajput, K.; Ng, J.; Zwolinski, N.; Chow, R.M. Pain Management in the Elderly: A Narrative Review. Anesthesiol. Clin. 2023, 41,
671–691. [CrossRef] [PubMed]

108. Davis, P.; Evans, D.D. The Undertriage of Older Adults in the Emergency Department: A Review of Interventions. Adv. Emerg.
Nurs. J. 2021, 43, 178–185. [CrossRef] [PubMed]

109. Schöll, N.; Rohde, G.G.U. Ambulant erworbene Pneumonie bei älteren Menschen [Community-acquired Pneumonia in the
Elderly]. Pneumologie 2019, 73, 605–616. Erratum in Pneumologie 2019, 73, e3. (In German) [CrossRef]

110. Tran, J.; Nimojan, T.; Saripella, A.; Tang-Wai, D.F.; Butris, N.; Kapoor, P.; Berezin, L.; Englesakis, M.; Chung, F. Rapid cognitive
assessment tools for screening of mild cognitive impairment in the preoperative setting: A systematic review and meta-analysis.
J. Clin. Anesth. 2022, 78, 110682. [CrossRef]

111. Weber, C.; Millen, J.C.; Liu, H.; Clark, J.; Ferber, L.; Richards, W.; Ang, D. Undertriage of Geriatric Trauma Patients in Florida. J.
Surg. Res. 2022, 279, 427–435. [CrossRef]

112. Grossmann, F.F.; Zumbrunn, T.; Ciprian, S.; Stephan, F.P.; Woy, N.; Bingisser, R.; Nickel, C.H. Undertriage in older emergency
department patients--tilting against windmills? PLoS ONE 2014, 9, e106203. [CrossRef]

113. Savioli, G.; Ceresa, I.F.; Macedonio, S.; Gerosa, S.; Belliato, M.; Luzzi, S.; Lucifero, A.G.; Manzoni, F.; Ricevuti, G.; Bressan, M.A.
Major Trauma in Elderly Patients: Worse Mortality and Outcomes in an Italian Trauma Center. J. Emerg. Trauma Shock 2021, 14,
98–103. [CrossRef]

114. Savioli, G.; Ceresa, I.F.; Giordano, M.; Ferrari, I.; Varesi, A.; Floris, V.; Esposito, C.; Croesi, B.; Ricevuti, G.; Calvi, M.; et al.
The Reliability of Anamnestic Data in the Management of Clostridium Tetani Infection in Elderly. Front. Med. 2021, 8, 684594.
[CrossRef]

115. Grossmann, F.F.; Zumbrunn, T.; Frauchiger, A.; Delport, K.; Bingisser, R.; Nickel, C.H. At risk of undertriage? Testing the
performance and accuracy of the emergency severity index in older emergency department patients. Ann. Emerg. Med. 2012, 60,
317–325.e3. [CrossRef] [PubMed]

https://doi.org/10.1370/afm.22.s1.4789
https://doi.org/10.1016/j.ajem.2018.06.023
https://doi.org/10.1371/journal.pone.0239902
https://doi.org/10.1016/j.ajem.2020.11.072
https://www.ncbi.nlm.nih.gov/pubmed/33348225
https://doi.org/10.1371/journal.pone.0231253
https://www.ncbi.nlm.nih.gov/pubmed/32294111
https://doi.org/10.1136/emermed-2012-201362
https://doi.org/10.1097/TA.0000000000003125
https://www.ncbi.nlm.nih.gov/pubmed/33605709
https://doi.org/10.1080/10903127.2017.1300717
https://www.ncbi.nlm.nih.gov/pubmed/28489471
https://doi.org/10.1017/dmp.2019.74
https://doi.org/10.5811/westjem.2021.12.53873
https://doi.org/10.7861/clinmed.2020-1044
https://doi.org/10.1097/TA.0000000000000523
https://www.ncbi.nlm.nih.gov/pubmed/25757122
https://doi.org/10.1080/00365513.2019.1672085
https://www.ncbi.nlm.nih.gov/pubmed/31581851
https://doi.org/10.1186/s13054-020-02976-6
https://www.ncbi.nlm.nih.gov/pubmed/32605659
https://doi.org/10.1016/j.exger.2023.112129
https://www.ncbi.nlm.nih.gov/pubmed/36804585
https://doi.org/10.1016/j.anclin.2023.03.003
https://www.ncbi.nlm.nih.gov/pubmed/37516502
https://doi.org/10.1097/TME.0000000000000359
https://www.ncbi.nlm.nih.gov/pubmed/34397492
https://doi.org/10.1055/a-0835-1943
https://doi.org/10.1016/j.jclinane.2022.110682
https://doi.org/10.1016/j.jss.2022.06.006
https://doi.org/10.1371/journal.pone.0106203
https://doi.org/10.4103/JETS.JETS_55_20
https://doi.org/10.3389/fmed.2021.684594
https://doi.org/10.1016/j.annemergmed.2011.12.013
https://www.ncbi.nlm.nih.gov/pubmed/22401951


J. Pers. Med. 2024, 14, 195 19 of 19

116. Savioli, G.; Ceresa, I.F.; Luzzi, S.; Giotta Lucifero, A.; Pioli Di Marco, M.S.; Manzoni, F.; Preda, L.; Ricevuti, G.; Bressan, M.A.
Mild Head Trauma: Is Antiplatelet Therapy a Risk Factor for Hemorrhagic Complications? Medicina 2021, 57, 357. [CrossRef]
[PubMed]

117. Savioli, G.; Ceresa, I.F.; Macedonio, S.; Gerosa, S.; Belliato, M.; Iotti, G.A.; Luzzi, S.; Del Maestro, M.; Mezzini, G.; Giotta Lucifero,
A. Trauma Coagulopathy and Its Outcomes. Medicina 2020, 56, 205. [CrossRef] [PubMed]

118. Savioli, G.; Ceresa, I.F.; Luzzi, S.; Giotta Lucifero, A.; Cambiè, G.; Manzoni, F.; Preda, L.; Ricevuti, G.; Bressan, M.A. Mild Head
Trauma (MHT) and Antiplatelet Therapy. Reply to Lorenzati et al. Comment on “Savioli et al. Mild Head Trauma: Is Antiplatelet
Therapy a Risk Factor for Hemorrhagic Complications? Medicina 2021, 57, 357”. Medicina 2021, 57, 889. [CrossRef] [PubMed]

119. Savioli, G.; Ceresa, I.F.; Luzzi, S.; Gragnaniello, C.; Giotta Lucifero, A.; Del Maestro, M.; Marasco, S.; Manzoni, F.; Ciceri, L.;
Gelfi, E.; et al. Rates of Intracranial Hemorrhage in Mild Head Trauma Patients Presenting to Emergency Department and Their
Management: A Comparison of Direct Oral Anticoagulant Drugs with Vitamin K Antagonists. Medicina 2020, 56, 308. [CrossRef]
[PubMed]

120. Savioli, G.; Ceresa, I.F.; Ciceri, L.; Sciutti, F.; Belliato, M.; Iotti, G.A.; Luzzi, S.; Del Maestro, M.; Mezzini, G.; Lafe, E.; et al. Mild
head trauma in elderly patients: Experience of an emergency department. Heliyon 2020, 6, e04226. [CrossRef]

121. Cristofaro, P.A. Infection and fever in the elderly. J. Am. Podiatr. Med. Assoc. 2004, 94, 126–134. [CrossRef] [PubMed]
122. Phongtankuel, V.; Amorapanth, P.X.; Siegler, E.L. Pain in the Geriatric Patient with Advanced Chronic Disease. Clin. Geriatr. Med.

2016, 32, 651–661. [CrossRef]
123. Varesi, A.; Carrara, A.; Pires, V.G.; Floris, V.; Pierella, E.; Savioli, G.; Prasad, S.; Esposito, C.; Ricevuti, G.; Chirumbolo, S.; et al.

Blood-Based Biomarkers for Alzheimer’s Disease Diagnosis and Progression: An Overview. Cells 2022, 11, 1367. [CrossRef]
[PubMed]

124. Deumer, U.S.; Varesi, A.; Floris, V.; Savioli, G.; Mantovani, E.; López-Carrasco, P.; Rosati, G.M.; Prasad, S.; Ricevuti, G. Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS): An Overview. J. Clin. Med. 2021, 10, 4786. [CrossRef]

125. Arneson, M.L.; Oliveira JE Silva, L.; Stanich, J.A.; Jeffery, M.M.; Lindroth, H.L.; Ginsburg, A.D.; Bower, S.M.; Mullan, A.F.; Bellolio,
F. Association of delirium with increased short-term mortality among older emergency department patients: A cohort study. Am.
J. Emerg. Med. 2023, 66, 105–110. [CrossRef] [PubMed]

126. Martinelli, A.N. Rapid Fire: Polypharmacy in the Geriatric Patient. Emerg. Med. Clin. N. Am. 2021, 39, 395–404. [CrossRef]
127. Clare, D.; Zink, K.L. Geriatric Trauma. Emerg. Med. Clin. N. Am. 2021, 39, 257–271. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/medicina57040357
https://www.ncbi.nlm.nih.gov/pubmed/33917141
https://doi.org/10.3390/medicina56040205
https://www.ncbi.nlm.nih.gov/pubmed/32344710
https://doi.org/10.3390/medicina57090889
https://www.ncbi.nlm.nih.gov/pubmed/34577811
https://doi.org/10.3390/medicina56060308
https://www.ncbi.nlm.nih.gov/pubmed/32585829
https://doi.org/10.1016/j.heliyon.2020.e04226
https://doi.org/10.7547/87507315-94-2-126
https://www.ncbi.nlm.nih.gov/pubmed/15028790
https://doi.org/10.1016/j.cger.2016.06.008
https://doi.org/10.3390/cells11081367
https://www.ncbi.nlm.nih.gov/pubmed/35456047
https://doi.org/10.3390/jcm10204786
https://doi.org/10.1016/j.ajem.2023.01.040
https://www.ncbi.nlm.nih.gov/pubmed/36738568
https://doi.org/10.1016/j.emc.2021.01.001
https://doi.org/10.1016/j.emc.2021.01.002
https://www.ncbi.nlm.nih.gov/pubmed/33863458

	Introduction 
	Methods 
	Study Design 
	Endpoints 
	Statistics 

	Results 
	Overall 
	Wait Time for Geriatric Compared to Younger Patients 
	UT and OT in the Geriatric Population 
	Crowding 
	LT of COVID Patients 

	Discussion 
	Overall 
	Wait Time 
	UT and OT in the Geriatric Population 
	Crowding Indices 
	5-Level Triage in COVID Patients 
	Strengths and Limitations of the Study 
	Future Directions 

	Conclusions 
	References

