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Abstract
Emergency department (ED) operational metrics generated by a new acuity-based rotational
patient-to-physician assignment (ARPA) algorithm are compared with those obtained with a simple
rotational patient assignment (SRPA) system aimed only at an equitable patient distribution. The
new ARPA method theoretically guarantees that no two physicians’ assigned patient loads can differ
by more than one, either partially (by acuity levels) or in total; whereas SRPA guarantees only the
latter. The performance of the ARPA method was assessed in practice in the ED of the main public
hospital (Hospital Compound of Navarra) in the region of Navarre in Spain. This ED attends over
140 000 patients every year. Data analysis was conducted on 9,063 ED patients in the SRPA cohort,
and 8,892 ED patients in the ARPA cohort. The metrics of interest are related both to patient access
to healthcare and physician workload distribution: patient length of stay; arrival-to-provider time;
ratio of patients exceeding the APT target threshold; and range of assigned patients across phy-
sicians by priority levels. The transition from SRPA to ARPA is associated with improvements in all
ED operational metrics. This research demonstrates that ARPA is a simple and useful strategy for
redesigning front-end ED processes.
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Introduction

Changes to front-end operations are particularly effective for reducing ED overcrowding1 because
they are usually directly controlled by the ED without the involvement of external stakeholders,
which would be practically or politically more difficult. This area for improvement in ED per-
formance has been addressed in the medical literature2–4 as well as in operations research studies.5–8

According to Saghafian et al.7 the patient pathway from the waiting area to treatment by a
physician also impacts on the flow of patients through the ED. Many EDs use the traditional
physician self-assignment process, whereby physicians “pick up” patients from a queue where
triage nurses place newly registered patients as “ready-to-be-seen.” That is, there is a single queue
leading to multiple servers/physicians. This single queue configuration has been demonstrated by
traditional queueing theory to be more efficient than a dedicated queue set-up,9 where incoming
patients are immediately assigned to a physician after triage (with a dedicated queue leading to each
server).

Nevertheless, empirical medical research reports that performance improvements are obtained
when using a dedicated queueing system based on simple rotational patient assignment (SRPA)10–17

as opposed to a single queue configuration. Reported improvements include a reduction in arrival-
to-provider time (APT),11,13,14,16,17 an increase in patient satisfaction,11,12 and improvements in
length of stay (LOS),4,16,17 discharge rates,14 left-before-being-seen,16,17 and complaint ratios.16,17

Although the SRPA guarantees that all physicians see the same number of patients, it may lead to
unbalanced workloads due to the randomness of patient arrivals. Some studies report physicians’
complaints about this outcome,4 describing the method as “mercilessly fair”.16 Though the total
number of patients assigned seems equal, without further differentiating acuity or complexity of
patient, patients that require a higher-workload may stack at a certain physician. Therefore, we
propose a new acuity-based rotational patient assignment (ARPA) that aims to assign patients to
physicians with a more even patient-acuity distribution. Since evidence shows that workload is
related to patient severity,16,18–21 even patient-acuity distribution can potentially ensure a more
equitable workload between physicians, and lead to better quality of care and physician working
conditions.

We report the results of a transition from SRPA to ARPA taking into account patient priority, in
order to compare classical patient throughput operational metrics22,23 including LOS, APT, ratio of
patients exceeding the APT (APTLR) target threshold, the early returns ratio (ERR), and a fair
spread in workload, in terms of the range of assigned patients (RP) across physicians by priority
levels. We report these metrics while noting and accounting for several potential confounding
variables, such as age, gender, priority, medical tests required, and daily patient arrivals. All
abbreviations used throughout the paper are summarized in Table 1.

Methods

This is a retrospective before-and-after observational study in which routinely gathered ED op-
erational data are analysed to compare the effects of the new ARPA system on several Key
Performance Indicators (KPIs).
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Patient flow in emergency departments

Upon arrival, patients undergo an initial assessment, i.e., triage, in order to stratify them by the
acuity of their illness and prioritise them accordingly.6 Some examples of triage systems are the
Emergency Severity Index (ESI); the Australasian Triage Scale (ATS); the Manchester Triage Scale
(MTS); and the Canadian Triage Acuity Scale (CTAS). With no loss of generality, we consider that
the triage process groups ED patients into five acuity categories, as in the case of the CTAS, which
imposes a threshold on arrival-to-provider time (Table 2). EDs usually organise patient care into two
separate care circuits, one for more critical patients and another for the less critical (Figure 1). This
paper focuses on patient flow management in the less critical care circuit, which frequently has
dedicated physicians, nurses, and ancillaries which it does not share with the more critical care
circuit.

Acuity-based rotational patient-to-physician assignment rule

As discussed in the introduction, after triage, patients are immediately assigned to a specific
physician. As an alternative to Simple Rotational Patient Assignment rules (SRPA), which is a
cyclical process with no other consideration than order of arrival (see Figure 2), this paper proposes
a new rotational acuity-based assignment method (ARPA), whereby patients are classified as either

Table 1. Abbreviations used throughout the paper.

General terms
ED Emergency department
HCN Hospital compound of navarre
CTAS Canadian triage and acuity scale

Care circuits or “streams” in the ED
CA Care circuit for mild patients (intervention side of the study)
CB Care circuit for severe patients

Patient-physician assignment rules
SRPA Simple rotational patient assignment rule (rule originally used)
ARPA Acuity-based rotational patient assignment rule (proposed new rule)

KPIs
Patient related
APT Arrival-to-provider time: Waiting time until first contact with designated physician
LOS Length of stay: Treatment duration, interval between triage in the ED and discharge time
APTLR Ratio of patients exceeding the APT target threshold fixed by the triage system (see Table 2)
ERR Early returns ratio: Returning to the ED within 72 h of discharge

Physician related
RP Range of patients: Range of assigned patients across physicians by priority levels (workload

variability)
Type of patients
HP High priority
LP Low priority
P1 Priority 1
P2 Priority 2
P3 Priority 3
P4 Priority 4
P5 Priority 5
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high or low priority (HP and LP, respectively). To show how the method works, Figure 2 depicts a
mild patient circuit with five physicians, where level 3 acuity patients (P3) are considered HP and
levels 4 and 5 (P4 and P5, respectively) are considered LP. HP patients are assigned rotationally
from physician A to E, while LP patients are assigned rotationally from physician E to A (reverse
order). These two rotational patterns are repeated indefinitely. The double wheel system provides the
double guarantee that no two physicians’ assigned patient loads can differ by more than one, either
partially (by acuity levels) or in total; whereas SRPA guarantees only the latter.

The pseudocode for the software used in the new ARPA is summarised in Algorithm 1. It is a
non-commercial program, written in Java programming language and developed in consensus
between hospital managers and the research unit of our department.
Algorithm 1: ARPA software pseudocode.

Set of m physicians: fPHjg j ¼ 0,…,m� 1.

Table 2. CTAS acuity levels, arrival-to-provider target thresholds.

Category Classification Access time Performance level (%)

1 Resuscitation Immediate 98
2 Emergency 15 min 95
3 Urgent 60 min 90
4 Less urgent 120 min 85
5 Not urgent 240 min 80

Figure 1. Patient flow in an ED (top of figure). Time records and time intervals considered in the study
(bottom section of figure).
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Set of n patients: fPig i ¼ 0,…, n� 1.
Acuity score of patient Pi :Ai ¼ fL,Hg.
Initialize nH ¼ nL ¼ 0.
for i ¼ 1 to n do/* for each patient */

if Ai ¼ H then/* Pi is a high acuity patient, H */
nH ¼ nH þ 1 /* increase the number of high acuity patients */
j ¼ ðnH � 1Þmod ðmÞ;/* module operation */
Pi is assigned to PHj;

End
if Ai ¼ L then/* Pi is a low acuity patient, L */

nL ¼ nL þ 1;/* increase the number of low acuity patients */
j ¼ ðnL � 1Þmod ðmÞ;/* module operation */
Pi is assigned to PHm�j�1;

Figure 2. Differences in patient distributions (workload differences) among five physicians generated by the
application of SRPA rules versus the new ARPA rules with the same sequence of 18 incoming patients. ARPA
uses a double wheel patient assignment system, whereby high-acuity patient assignment follows an A-B-C-D-E
pattern and low-acuity patient assignment follows the reverse E-D-C-B-A pattern.
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End
End

Setting

The performance of the ARPA was assessed in the ED of the main public hospital (Hospital
Compound of Navarra, HCN) of the region of Navarre in Spain. This ED has more than half a
million potential patients and attends over 140 000 every year.

All patients undergo nursing triage in a dedicated examination room, at which time an encounter
record and patient chart are generated. The daytime triage protocol assigns patients, according to
their severity, to one of five clinical acuity categories (P1-P5) and to one of two distinct care circuits
or “streams.” Severe patients are channelled into the critical care circuit, CB, and mild patients into
the non-critical care circuit, CA. Within the selected circuit (CA or CB), both of which have
dedicated resources in terms of medical staff, examination rooms, etc. Patients are then assigned to a
specific physician, who is responsible for their treatment until their discharge from the ED. De-
scribed in what follows is the implementation of the ARPAmethod in the CA circuit, which receives
P3, P4, and P5 patients. Figure 3 shows the layout of the ground floor of the HCN ED building.

Figure 3. Layout of the ground floor of the ED building of the HCN.
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Data collection

All emergencies for a period of four full weeks (June 4 to July 1 of 2019), comprising 8,892 patient
visits, are compared to those of the corresponding four full week period of the previous year (June 5
to July 2 of 2018), comprising 9,063 patient visits. The ARPA method is used during the
2019 period to assign patients to physicians in CA, while SRPA is used in CB during both periods
and in CA during the 2018 period.

The performance of the EDwas analysed in the busiest time of day (from 12:00 to 20:00) to avoid
any bias due to physicians’ behaviour. Prior research suggests that there is a drop in work pace at low
workload levels because servers see no need for speed when capacity is slack; and physicians, as
strategic servers, are able to adjust their service rate by reducing their work pace, as happens in other
sectors.24,25

The ED electronic medical record and electronic tracking board software are the same during
both phases of the study period, as are factors such as ED physical structure, triage system and
process, workflow (Figure 1), personnel compensation (salaried with no component for clinical
productivity), organization, and human resource endowment. To avoid any alteration or interference
in their activities, the ED physicians were not informed that this study was in progress.

The chief of nurses proposed that a survey be conducted, after the pilot test period, to investigate
the ED users’ (triage nurses) assessment, perception, and acceptance of the software that imple-
ments the new assignment rule.

Data analysis

LOS is defined as the time interval between patient triage and discharge from the ED and APTas the
time interval between patient triage and first physician examination (see Figure 1). LOS and APT
data are reported in minutes. A patient exceeds the APT target threshold when he/she has not been
seen by the physician within the access time determined by the triage system (see Table 2), and an
early return is defined as re-presentation to the ED within 72 h of discharge. APTLR and ERR are
reported as ratios. Equity in the number of patients (LP and HP) assigned across physicians is
measured as the daily range of assigned patients across physicians by priority levels, RPðdÞ. RP is
reported as the average RPðdÞ over the observation period. The range of LP patients distributed
among physicians on day d, RPLPðdÞ, is defined as the maximum difference in LP-patient as-
signment across n physicians. That is, if XiðdÞ denotes the number of category LP patients seen by
the i th physician on day d, then RPLPðdÞ ¼ fXiðdÞ, i ¼ 1,…, ng � fXiðdÞ, i ¼ 1,…, ng. Maximum
equity is achieved when RPLPðdÞ ¼ 0 (all physicians treat the same number of patients), while
inequality increases as RPLPðdÞ widens. The range RPHPðdÞ is measured analogously.

The confounding variable data, which include patient demographics (age, gender, acuity, and
medical test requirements), and ED daily operational metrics and volume, are collected and analysed
after discussion with the ED medical staff. The daily volume of each ED circuit is defined as the
number of patients registered between 8:00 and 21:00 on the day in question.

Electronic medical records provide data for age, gender, Canadian Triage and Acuity Scale
(CTAS) score, ED volume, volume of ED patients requiring medical tests, LOS, APT, APTLR, and
ERR. Age is registered as age at last birthday prior to arrival date. Gender is registered according to
the patient’s declaration. Acuity is measured as CTAS scores assigned by the nursing staff in
standard fashion (1 to 5), and maximum ED waiting time per priority category as shown in Table 2.

For purposes of analysis, age, gender, and daily ED volume are reported as means and standard
deviations (SDs) for comparison. The gender data are reported as counts and percentage of female
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patients per level; and the CTAS scores as counts and percentages per level. A comparison of mean
difference in patient volume per period and proportion difference of patients needing medical tests is
performed using the t-test and Z-test, respectively. All statistical analyses are performed in
Minitab®.26

In the primary analysis, ATP and LOS are reported in minutes, and RP in terms of number of
patients. Means and SDs (and medians with interquartile range (IQR) in the case of ATP and LOS)
are included for purposes of comparison. The t-test is used for mean difference comparison of LOS,
APT, and RP, and the Mann–Whitney U test is used for median difference comparison of LOS and
APT; all other metrics are compared by proportion differences.

The secondary analysis uses regressions to control for patient and ED characteristics. Linear
regression is used for LOS, APT, and RP, and logistic regression to measure improvement in
APTLR. LOS is stratified by medical test requirement and immediate discharge following initial
examination. CTAS scores are sorted by patient priority level (HP vs LP) for all regression models.

Results

ED records for June 2018, prior to the implementation of the ARPA, show 9,063 patient visits over
28 days (3,753 treated in CA; 2,320 from 12:00 h to 20:00 h). Records for June 2019, during
application of the ARPA system, show 8,892 visits over the same number of days (3,667 patients in
CA; 2,203 from 12:00 to 20:00). All patient characteristics (age, gender, and CTAS score) for each
period are given in Table 3.

ED daily volume by patient acuity (CTAS score) and possible associated medical tests in CA per
study period is reported in Table 4. Patients not requiring medical tests are discharged after initial
examination by the physician. Statistical tests for change in ED demand between the baseline and
intervention periods do not reject equality of means.

Outcomes relating to patient quality of care and workload variability across physicians for CA
are reported in Table 5. LOS, APT, and APTLR improve during the intervention period (ARPA
applied), while there are no significant changes in the ERR. With the new assignment rule, start of
treatment is 8.96 min earlier for HP patients (APT, p-value <0.001) while their LOS is reduced by
25.02 min in mean (LOS, p-value <0.001). Moreover, the proportion of HP patients exceeding the
arrival-to-provider time target threshold, APTLR, has dropped from 0.49 to 0.38 (p < 0.001) in
mean. In the case of LP patients, treatment starts 6.15 min earlier (APT p-value <0.01) and LOS
shows a mean reduction of 14.54 min (LOS p-value <0.001). Furthermore, the proportion of LP

Table 3. Patient characteristics per observation period. * stands for unknown.

2018, N = 9063 2019, N = 8892

CTAS
score

n (%) of
patients

Gender
female (%)

Age
mean (SD)

CTAS
score

n (%) of
patients

Gender
female (%)

Age
mean (SD)

* 80 (0.88%) — — * 106 (1.19%) — —

1 85 (0.94%) 30 (35.29%) 68.40 (17.32) 1 48 (0.54%) 20 (41.67%) 66.71 (15.00)
2 1209 (13.34%) 550 (45.49%) 62.94 (21.84) 2 1191 (13.39%) 534 (44.84%) 63.59 (21.18)
3 4447 (49.07%) 2258 (50.78%) 57.98 (21.28) 3 4414 (49.64%) 2210 (50.07%) 57.82 (21.54)
4 2969 (32.76%) 1451 (48.87%) 47.43 (18.13) 4 2860 (32.16%) 1418 (49.58%) 46.04 (17.95)
5 273 (3.01%) 136 (49.82%) 50.79 (19.53) 5 273 (3.07%) 127 (46.52%) 48.67 (18.84)
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patients exceeding the arrival-to-provider time target threshold, APTLR, has dropped from 0.23 to
0.19 (p < 0.05) in mean.

The average ranges of HP patients for SRPA and ARPA are 3.80 and 2.12, respectively, which is,
in both cases, significantly narrower (p < 0.001). The average ranges of LP patients are 4.42 and
2.25, respectively, which is again, in both cases, significantly narrower (p < 0.001). Note that a strict
application of the ARPA patient-to-physician assignment method would lead to observed daily
range values (and therefore, also mean range values) of no more than one. However, the collected
results show values greater than one because the triage nurses may overrule the assignment al-
gorithm because a physician is taking a long time over a very difficult case or the queue for a
particular physician is being held up for some other reason. Even without 100% application of the
rule, the improvement in the results is evident.

The estimates from the regression analysis, shown in Table 6, confirm that ARPA is associated
with decreases in APT (�5.82 min), LOS (�19.97 min), and APTLR (odds ratio = 0.712), all
p-values <0.001. In the case of the LOS, not only patient priority assigned at triage, ED volume, and
which assignment rule is in operation, but also some patient characteristics (need for medical tests
and age) are significant factors (p-values <0.005). Regression analysis also confirms that the new
ARPA improves the workload distribution by decreasing the daily average RP (bottom section of the
table):�1.691 for HP patients and�2.241 for LP patients with p-values <0.001. Other factors, such
as ED volume, are not significant.

The questionnaire for a user survey, conducted one month after the change of assignment rule in
order to investigate the assessment, perception, and acceptance of the software by triage nurses, is
included as supplementary material (Supplemental material). It was answered by 18 of the 28 triage
nurses who had worked more than 2 days during the evaluation period. All respondents agreed to
recommend the use of the new assignment rule and the main results are summarized in Table 7.

Table 4. CA daily number of patients (8:00–21:00).

Priority 2018 (SRPA) 2019 (ARPA) Difference 95% CI

P3
Daily n patients
Mean (SD) 63.29 (11.75) 61.18 (13.25) 2.110 �4.610 to 8.820

Daily ratio of patients needing medical tests
Mean (SD) 0.69 (0.07) 0.70 (0.05) �0.009 �0.044 to 0.026

P4-P5
Daily n patients
Mean (SD) 70.96 (8.73) 70.00 (13.29) 0.960 �5.090 to 7.010

Daily ratio of patients needing medical tests
Mean (SD) 0.55 (0.07) 0.54 (0.07) 0.012 �0.025 to 0.049

Aggregated
Daily n patients
Mean (SD) 134.25 (11.95) 131.18 (14.29) 3.070 �3.990 to 10.140

Daily ratio of patients needing medical tests
Mean (SD) 0.62 (0.06) 0.62 (0.06) 0.003 �0.028 to 0.035

*Difference column: mean and ratio differences using t-test and Z-test, respectively. A comparison of mean and median
differences in patient volume per period is performed using the t-test.
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Discussion

This research presents a new ED patient-to-physician assignment rule based on double rotational HP
versus LP patient assignment. It controls variability in the number of HP versus LP patients assigned
to each physician by ensuring that neither the total number of patients overall nor the number of HP
versus LP patients per physician differs by more than one. This assignment system represents an
improvement over the commonly used SRPA rule, which ensures an equal distribution of patients,
day-to-day (or even patient-to-patient) but can lead to perceived unfair workload distribution due to
randomness and marked differences in patient-acuity distributions between physicians.16,18–20 The
medical staff of HCN, like physicians in other studies,4 have complained about this issue.

Past studies of patient-to-physician assignment rules (some conducted prior to the universal
adoption of electronic patient tracking,4,11–13 and others more recently)17 support the transition from

Table 5. Patient and physician outcomes in CA.

Patient outcomes

APT (minutes) 2018 (SRPA) 2019 (ARPA) Difference 95% IC p-value
HP patients
Mean (SD) 65.77 (45.59) 56.80 (43.08) 8.960 5.160 to 12.760 <0.001

LP patients
Mean (SD) 80.68 (55.78) 74.53 (52.58) 6.150 1.690 to 10.620 0.007

APTLR (ratio) 2018 (SRPA) 2019 (ARPA) Difference 95% IC p-value
HP patients
Mean (SD) 0.49 (0.50) 0.38 (0.48) 0.120 0.076 to 0.160 <0.001

LP patients
Mean (SD) 0.23 (0.42) 0.19 (0.39) 0.040 0.006 to 0.073 0.019

LOS (minutes) 2018 (SRPA) 2019 (ARPA) Difference 95% IC p-value
HP patients
Mean (SD) 209.28 (114.12) 184.27 (107.12) 25.020 15.490 to 34.550 <0.001

LP patients
Mean (SD) 176.72 (109.35) 162.18 (102.96) 14.540 5.850 to 23.230 0.001

ERR (ratio) 2018 (SRPA) 2019 (ARPA) Difference 95% IC p-value
HP patients
Mean (SD) 0.02 (0.13) 0.01 (0.12) 0.004 �0.006 to 0.015 0.442

LP patients
Mean (SD) 0.02 (0.13) 0.01 (0.10) 0.006 �0.003 to 0.016 0.181

Physician outcome

RP (number of patients) 2018 (SRPA) 2019 (ARPA) Difference 95% IC p-value
RPHP
Mean (SD) 3.80 (1.00) 2.12 (0.71) 1.680 1.214 to 2.146 <0.001

RPLP
Mean (SD) 4.42 (1.56) 2.25 (0.97) 2.179 1.481 to 2.877 <0.001

*Difference column: mean and ratio differences using t-test, and Z-test, respectively.
APT: Arrival-to-Provider Time (minutes), APTLR: Ratio of patients exceeding the APT target threshold (proportion of
patients), LOS: Length of Stay (minutes), ERR: Early Returns Ratio, returning to the EDwithin 72 h of discharge (proportion of
patients), RP: range of assigned patients across physicians by priority levels (number of patients), HP: high priority, LP: low
priority.
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physician self-assignment to SRPA, based on significant observed improvements in some ED
operational metrics: shorter APT12,13,16,17 and LOS.16,17 All previous studies demonstrate that the
transition from the self-assignment of patients by physicians to the inflexible system of rotational
patient assignment leads, counterintuitively, to efficiency gains. Heightened professional
responsibility,11,12 patient ownership,14 and equitable distribution of patients12 have been reported
as reasons for these results.

However, the uneven distribution of HP and LP patients also affects patient quality of care,
because queues with more severe patients advance more slowly than those formed by the less
severe. This queue dynamic can lead to situations in which some physicians are very busy while
others are unoccupied. Some of the indirect effects of the uneven distribution of patient types are the
lengthening of treatment access time and LOS and an increase in the ratio of patients whose time-to-
treatment oversteps the target threshold.

In this research, we propose transition from the SRPA rule to the ARPA rule, which is designed to
mitigate the problem of inequitable composition of patients queues across physicians, thereby also
improving the operational patient treatment metrics. This intervention study describes the appli-
cation of the new assignment rule in the less critical patient care circuit, CA, while the more critical
patient care circuit, CB maintains the status quo. This is a replication of the experimental design

Table 6. Regression analysis.

Patient outcomes APT LOS APTLR

Term Coef p-value Coef p-value Odd ratio p-value

Constant �27.830 <0.001 63.400 <0.001 — <0.001
Priority
4&5 (LP) 17.230 <0.001 �30.300 <0.001 0.341 <0.001

Patient assignment
ARPA (new rule) �5.820 <0.001 �19.970 <0.001 0.712 <0.001

Daily patient arrival 0.671 <0.001 0.714 <0.001 1.028 <0.001
Patient characteristics
Age 0.030 0.419 0.314 0.004 1.001 0.590
Gender
Male 1.210 0.391 �1.120 0.787 0.962 0.578

Medical test needed
Yes �2.070 0.152 60.970 <0.001 0.959 0.556

Physician outcome: RP HP patients LP patients

Term Coef p-value Coef p-value

Constant 4.600 0.000 4.230 0.013
Daily patient arrival �0.007 0.407 0.010 0.423
HP Daily patient arrival �0.004 0.755 �0.015 0.461
Patient assignment
ARPA �1.691 <0.001 �2.241 <0.001

APT: Arrival-to-Provider Time (minutes), APTLR: Ratio of patients exceeding the APT target threshold (proportion of patients), LOS:
Length of Stay (minutes), ERR: Early Returns Ratio, returning to the ED within 72 h of discharge (proportion of patients), RP: range of
assigned patients across physicians by priority levels (number of patients), HP: high priority, LP: low priority.
*The results for the new assignment rule are highlighted in bold.

Cildoz et al. 11



found in other studies. For example, Hirshon et al.4 describes the institution of SRPA for residents
on the “medical side” of a “medical side/surgical side” ED at a teaching facility. The results of our
intervention show that, in CA, several ED operational metrics improve while CB performance
shows no significant change.

We assess the performance of both methods based on classic ED operational metrics (APT, LOS,
APTRL) and a new metric to measure equity in workload distribution (RP) among physicians.

Our study finds that a patient assignment system taking patient priority into account is associated
with a reduction in APT, APTLR, and LOS and a more equitable distribution of patient types across
physicians. Meanwhile, statistical comparison of these metrics for CB patients under the SRPA rule
reveals no significant difference between the two periods, and precludes rejection of the hypothesis
of equal means (p-values >0.1).

In addition, equitable workload distribution reduces physician stress,27 a serious work-related
health risk, thereby preventing burnout.28–30 Methods for forecasting the total amount of workload
in the ED1,31 help to reduce uncertainty, which is a stress-inducing factor.27 This intervention
achieves an objective reduction in the variation of the ratio of HP to LP patients per physician, and
thus a better workload balance.

To the best of our knowledge, no other ED has implemented the transition from SRPA to ARPA
or reported the observed benefits. Therefore, we are unable to compare our results and can only
present them as a benchmark for future studies.

Other triage-related interventions to improve patient flow in the ED have been presented in the
specialized literature. Oredsson et al.32 reviewed these interventions and grouped them into
streaming, fast track, team triage, point-of-care testing (performing laboratory analysis in the
emergency department), and nurse-requested X-ray. The results of these interventions are not
conclusive. For example, Parris et al. (1997)33 concluded that no statistically significant reduction in
transit time was demonstrated by allowing triage nurses to initiate X-rays, while Lindley and
Finlayson34 reported a 36%mean time reduction of 37.2 min (95% confidence interval 30.2 to 44.2,
p = 0.000) from the time of triage to the time of treatment decision. A subsequent review by Elder
et al.35 concluded that advanced practice nursing roles, physician-assisted triage, and medical
assessment units are models of care that can positively impact ED throughput. However, the most
recent review by Freitas et al.36 finds that the evidence supporting interventions to improve ED
patient flow is weak and concedes that only the fast-track intervention has moderate evidence to
support its use. Our study adds to this research by providing a simple intervention that improves
both time-related KPIs for patient quality of care and physician workload balance.

The subjective views of nursing staff regarding this intervention (gathered by means of a survey
conducted after the ARPA period) were positive; thus complementing the effectiveness of the

Table 7. Summary of survey responses. Frequency table.

Values (1:“Totally disagree” and 5:“Totally agree”) 1 2 3 4 5

Usefulness Patient-to-physician assignment is easier with APAMET than with manual
methods

0 2 2 3 11

Ease of use The program is simple and learning to use it does not take long 0 1 2 7 8
The screens clearly show the data entry requirements 0 0 2 8 8

Values (yes, no) Yes No
Recommendation Once computational improvements are in place, would you recommend

that the program be implemented and integrated with the medical
records?

18 0
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method for balancing the workload and improving patient care quality. Their unanimous declaration
of willingness to recommend the new assignment rule for use in the ED was reported to the hospital
management team.

This is an observational study and, despite our attempts to account for multiple confounding
variables, there is no guarantee that all key factors were incorporated into the regression model. We
rely on system-generated data and, as there was no change in electronic data processing during the
study period, we are confident that any flaws would likely be distributed equally across both periods.
The number of admitted patients awaiting an inpatient bed may have an impact on medical and
nursing care. This variable has not been directly considered in our study because no data were
available. The LOS refers to time spent from patient admission to treatment decision, and not to the
exit of the ED. In the case that patient acuity level correlates positively with the need for an inpatient
bed, then balancing the distribution of patients by acuity also favours the distribution of bed-blocked
patients among physicians. If no correlation exists, then bed blocking at the exit affects both
management policies considered in our study equally.

Conclusion

This paper proposes and evaluates a real-world application of a new bidirectional acuity-based
rotational patient-to-physician assignment protocol, labelled with the acronym, ARPA (Acuity-
based Rotational Patient Assignment). Analysis of the collected data shows performance im-
provements in the circuit in which ARPAwas implemented, while the circuit which maintained the
simple rotational rule remains unchanged. ARPA is therefore appropriate for those EDs in which
patients are allocated to physicians after triage. This assignment system enhances the SRPA andmay
serve as a useful model for EDs seeking to improve patient care, ED throughput, and medical staff
workload balance. ARPA can be instituted with no need for extra nurses, physicians, space, or data
collection; therefore its success does not depend on additional resource endowment.1

Important factors in the introduction of new information technology are usefulness, impact,
feasibility of usage and widespread acceptance by staff members.37 The usefulness and impact of
this methodological innovation have been demonstrated by the intervention described and statistical
results presented in this paper; and its feasibility and acceptance by the results of a survey conducted
on all the triage nurses who used the software during the intervention.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or
publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or pub-
lication of this article: This work was supported by the Ministerio de Ciencia e Innovación (MTM2016-77015-
R (AEI, Spain, FEDER UE)) and Ministerio de Ciencia e Innovación (PID2020-114031RB-I00 (AEI, FEDER
EU)).

ORCID iDs

Marta Cildoz  https://orcid.org/0000-0003-2974-4751
Fermin Mallor  https://orcid.org/0000-0001-9800-1498

Cildoz et al. 13

https://orcid.org/0000-0003-2974-4751
https://orcid.org/0000-0003-2974-4751
https://orcid.org/0000-0001-9800-1498
https://orcid.org/0000-0001-9800-1498


References

1. Harrou F, Kadri F, Sun Y, et al. Monitoring patient flow in a hospital emergency department: ARMA-based
nonparametric GLRT scheme. Health Informatics J 2021; 27: 146045822110216.

2. Traub SJ, Bartley AC, Smith VD, et al. Physician in triage versus rotational patient assignment. J Emerg
Med 2016; 50: 784–790.

3. White BA, Brown DFM, Sinclair J, et al. Supplemented triage and rapid treatment (START) improves
performance measures in the emergency department. J Emerg Med 2012; 42: 322–328.

4. Hirshon JM, Kirsch TD, Mysko WK, et al. Effect of rotational patient assignment on emergency de-
partment length of stay. J Emerg Med 1996; 14: 763–768.

5. Saghafian S, Austin G and Traub SJ. Operations research/management contributions to emergency
department patient flow optimization: review and research prospects. IIE Trans Healthc Syst Eng 2015; 5:
101–123.

6. Wiler JL, Griffey RTand Olsen T. Review of modeling approaches for emergency department patient flow
and crowding research. Acad Emerg Med 2011; 18: 1371–1379.

7. Saghafian S, Hopp WJ, Van Oyen MP, et al. Patient streaming as a mechanism for improving respon-
siveness in emergency departments. Oper Res 2012; 60: 1080–1097.

8. Welch SJ. Patient segmentation: redesigning flow. Emerg. Med. News 2009; 31(8): 1.

9. Kleinrock L. Queueing systems. Computer applications 1976; 2: 576.

10. Hodgson NR and Traub SJ. Patient assignment models in the emergency department. Emerg Med Clin
North Am 2020; 38: 607–615.

11. Lau FL and Leung KP.Waiting time in an urban accident and emergency department--a way to improve it.
J Accid Emerg Med 1997; 14: 299–301.

12. DeBehnke D and Decker MC. The effects of a physician-nurse patient care team on patient satisfaction in
an academic ED. Am J Emerg Med 2002; 20: 267–270.

13. Patel PB and Vinson DR. Team assignment system: expediting emergency department care. Ann Emerg
Med 2005; 46: 499–506.

14. Song H, Tucker AL and Murrell KL. The diseconomies of queue pooling: an empirical investigation of
emergency department length of stay. Manage Sci 2015; 61: 3032–3053.

15. Hirshon JM, Kirsch TD, Mysko WK, et al. Effect of rotational patient assignment on emergency de-
partment length of stay. J Emerg Med 1996; 14: 763–768.

16. Traub SJ, Stewart CF, Didehban R, et al. Emergency department rotational patient assignment. Ann Emerg
Med 2016; 67: 206–215.

17. Traub SJ, Saghafian S, Bartley AC, et al. The durability of operational improvements with rotational
patient assignment. Am J Emerg Med 2018; 36: 1367–1371.

18. Levin S, France DJ, Hemphill R, et al. Tracking workload in the emergency department. Hum Factors
2006; 48: 526–539.

19. Innes GD, Stenstrom R, Grafstein E, et al. Prospective time study derivation of emergency physician
workload predictors. CJEM 2005; 7: 299–308.

20. Dreyer JF, Zaric GS, Anderson CK, et al. Physician workload and the Canadian emergency department
triage and acuity scale: the predictors of workload in the emergency room (POWER) Study. CJEM 2009;
11: 321–329.

21. Hocker MB, Gerardo CJ, Theiling BJ, et al. NHAMCS validation of emergency severity index as an
indicator of emergency department resource utilization. West J Emerg Med 2018; 19: 855–862.

22. Welch SJ, Asplin BR, Stone-Griffith S, et al. Emergency Department Benchmarking Alliance. Emergency
department operational metrics, measures and definitions: results of the second performance measures and
benchmarking summit. Ann Emerg Med 2011; 58: 33–40.

14 Health Informatics Journal



23. Shuaib W, Hilmi J, Caballero J, et al. Impact of a scribe program on patient throughput, physician
productivity, and patient satisfaction in a community-based emergency department. Health Informatics J
2019; 25: 216–224.

24. Tan TF and Netessine S. When does the devil make work? An empirical study of the impact of workload
on worker productivity. Manage Sci 2014; 60: 1574–1593.

25. Cachon GP and Zhang F. Obtaining fast service in a queueing system via performance-based allocation of
demand. Manage Sci 2007; 53: 408–420.

26. Minitab LLC. Minitab 17, Statistical Software. 2021. Available from: https://www.minitab.com

27. Cildoz M, Ibarra A and Mallor F. Coping with stress in emergency department physicians through
improved patient-flow management. Socioecon Plann Sci 2020; 71, 100828.

28. Nielsen KJ, Pedersen AH, Rasmussen K, et al. Work-related stressors and occurrence of adverse events in
an ED. Am J Emerg Med 2013; 31: 504–508.

29. Stehman CR, Testo Z, Gershaw RS, et al. Burnout, drop out, suicide: physician loss in emergency
medicine, part I. West J Emerg Med 2019; 20: 485–494.

30. Lall MD, Gaeta TJ, Chung AS, et al. Assessment of physician well-being, part one: burnout and other
negative states. West J Emerg Med 2019; 20: 278–290.

31. Zhang Y, Luo L, Zhang F, et al. Emergency patient flow forecasting in the radiology department. Health
Informatics J 2020; 26: 2362–2374.

32. Oredsson S, Jonsson H, Rognes J, et al. A systematic review of triage-related interventions to improve
patient flow in emergency departments. Scand J Trauma Resusc Emerg Med 2011; 19: 43.

33. Parris W, McCarthy S, Kelly A-M, et al. Do triage nurse-initiated X-rays for limb injuries reduce patient
transit time? Accid Emerg Nurs 1997; 5: 14–15.

34. Lindley-Jones M and Finlayson BJ. Triage nurse requested X rays--are they worthwhile? J Accid Emerg
Med 2000; 17: 103–107.

35. Elder E, Johnston ANB and Crilly J. Review article: systematic review of three key strategies designed to
improve patient flow through the emergency department. Emerg Med Australas 2015; 27: 394–404.

36. De Freitas L, Goodacre S, O’Hara R, et al. Interventions to improve patient flow in emergency de-
partments: an umbrella review. Emerg Med J 2018; 35: 626–637.

37. Wang Yand Bajorek B. Selecting antithrombotic therapy for stroke prevention in atrial fibrillation: health
professionals’ feedback on a decision support tool. Health Informatics J 2018; 24: 309–322.

Cildoz et al. 15

https://www.minitab.com

	Acuity
	Introduction
	Methods
	Patient flow in emergency departments
	Acuity
	Setting
	Data collection
	Data analysis

	Results
	Discussion
	Conclusion
	Declaration of conflicting interests
	Funding
	ORCID iDs
	References


