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Abstract . .
Background: Emergency department (ED) crowding is a universal issue. In Taiwan, patients with common medical s:ct:i: dl:l;slt;zz:zozo
problems prefer to visit ED of medical centers, resulting in overcrowding. Thus, a bed-to-bed transfer program has been Accepted: 18 July 2021
implemented since 2014. However, there was few studies that compared clinical outcomes among patients who choose to ePublished: 24 August 2021
stay in medical centers to those being transferred to regional hospitals. The aim of this study was to explore the transfer
rate, delineate the factors related to patient transfer, and clarify the influence upon the program outcomes.

Methods: A retrospective cohort study was conducted using demographic and clinical disease factors from the patient
electronic referral system, electronic medical records (EMRs) of a medical center in Taipei, and response to referrals from
regional hospitals. The study included adult patients who were assessed as appropriate for transfer in 2016. We analyzed
the outcomes (length of stay and mortality rate) between the referrals were accepted and refused using propensity score
matching.

Results: Of the 1759 patients eligible for transfer to regional hospitals, 420 patients (24%) accepted the referral. Medical
records were obtained from the regional hospitals for 283 patients (67%). After propensity score matching, the results
showed that interhospital transfer resulted in similar median total length of stay (8.7 days in the medical center vs 7.9
days in regional hospitals; P=.245). In-hospital mortality was low for both groups (3.1% in the medical center vs 1.3%
in regional hospitals; P=.344).

Conclusion: Transfer from an overcrowded ED in a medical center to regional hospitals in eligible patients results in
non-significant outcome of total length of stay. With the caveat of an underpowered sample, we did not find statistically
significant differences in in-hospital mortality. This healthcare delivery model may be used in other cities facing similar
problems of ED overcrowding.
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Key Messages

Implications for policy makers

o Thistransfer program is secure and feasible and may be used in other cities facing similar problems of emergency department (ED) overcrowding.

o The bed-to-bed transfer program could reduce time spent in the ED for patients and would not increase the total length of stay in hospital.

o After evaluating patients, physicians and nurse practitioners can make suggestions earlier in the patient care process and assist in transfers,
thereby decreasing the ED length of stay for patients.

Implications for the public

Emergency department (ED) crowding, especially in medical centers, is a universal and important issue in the world. However, shortage of admission
beds in the general wards for patients with common medical problems has a great effect on patient safety and contributes to worse patient outcomes
when EDs become overcrowded. Patients and their families hesitate to transfer to regional hospitals because of concerns related to inferior quality
of care and worse outcomes. This study found that the bed-to-bed transfer program was safe and resulted in similar outcomes between patients who
were transferred and those who were not transferred. We hope this study will help to increase the public’s confidence in receiving treatments from
regional hospitals for common medical problems. This will avoid overcrowding of the medical center ED and improve patient safety and quality of
patient care.

Full list of authors’ affiliations is available at the end of the article.
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Background

Emergency department (ED) crowding is a universal and
important issue in the world because it has a great effect on
patient safety and contributes to worse patient outcomes.' ED
crowding not only lowers medical quality** resulting in system
overloading® but also increases emergency boarding time
that will ultimately decrease the capacity of the ED and cause
medical treatment delays.”® This results in longer patient stays
in the ED and is more likely to result in worsening of patient
conditions and more intensive care unit (ICU) admissions.’ In
addition, it raises the likelihood of in-hospital cardiac arrest
and, thus, increases mortality rate."

Taiwan’s implementation of National Health Insurance
starting in 1995 has changed patients’ medical utilization
habits.!! Patients nowadays prefer to visit EDs in medical
centers than to visit regional hospitals for trivial problems
with lower severity levels. The situation invariably causes
overcrowding and prolonged time spent in EDs.*> To improve
this situation, the bed-to-bed transfer program has been
implemented since February 2014. The purpose of the bed-
to-bed transfer program is to transfer patients who needed
hospitalization directly to regional hospital wards from the
ED of medical centers in order to mitigate ED crowding, to
increase emergency capacity, and to decrease time spent in the
ED. Furthermore, patients can receive appropriate medical
resources and care, and hopefully have a better outcome.

According to this program, patients waiting for admission
were eligible to be transferred from the medical center ED to
a general ward in a regional hospital following an evaluation
by medical personnel (ie, attending physicians or nurse
practitioners). This was considered a nonurgent referral. This
program has received positive feedback from patients who
were satisfied with the referral procedure, medical procedure,
patient safety and security, and service attitude.” It was a
different transfer model from that used in other studies, which
often required transfer and further medical treatment as a
result of severe diseases.'*"” In Taiwan, there are 19 medical
centersand 83 regional hospitals. Generally, patients hesitate to
visit regional hospitals because of concerns related to inferior
quality of care and worse outcomes,'"'** but healthcare
providers usually assume that patients who undergo transfer
can receive suitable care in regional hospitals. However, there
is little empirical evidence to support this assumption. We
therefore sought to examine the outcomes for this program
in Taiwan.

Previous studies on transfer programs have shown that
demographic factors, clinical disease factors, and ED length of
stay influenced the length of hospital stay and mortality.'*'""
However, it remained unclear how these factors are related
to patient preference to transfer or whether patient transfer
would result in different outcomes in terms of mortality and
total hospital length of stay. A previous transfer study showed
that 18% patients who were transferred to the regional
hospitals suffered complications (eg, hospital-acquired
pneumonia).”® In contrast, one systematic review analyzing
patient transfers from EDs in various hospitals found that
there was no difference in mortality among transferred and
non-transferred patients from medical, surgical, or EDs."

Whether or not patients who undergo interhospital transfer
would receive equal quality of care remains a controversial
issue.

Therefore, we hypothesized that transferring patients would
not cause differences in the total length of stay or mortality
rate compared with patients who were not transferred. The
aim of this study was to explore the transfer rate, delineate
the factors related to patient transfer, and clarify the influence
upon outcomes (ie, total hospital length of stay and mortality
rate).

Materials and Methods

Study Design and Data Collection

We conducted a retrospective cohort study, utilizing data
from the emergency patient electronic referral system, Mars,
electronic medical records (EMRs) from one medical center
in Taipei, and hard copies of referral sheets from receiving
regional hospitals. Mars, an emergency referral platform,
contains information about patient basic data, major
diagnoses, time of transfer leaving and arriving, and vital
signs in Taiwan. The EMR provided patient demographic
information and the Taiwan triage and acuity scale (TTAS),
which evaluated a patient’s symptoms and severity, initial vital
signs on triage, physical examination, and laboratory data in
the ED. We manually extracted data from both electronic
databases and performed quality assurance and control. In
addition, we excluded patients who did not have information
on discharge disposition, outcome, or referral sheets from
regional hospitals.

Population Selection

The study included all patients considered candidates for
transfer from the medical center ED to regional hospitals
from January 1, 2016, to December 31, 2016. A transfer
process of bed-to-bed program is displayed in Figure 1. In
brief, when a patient stayed overnight in the ED and was
deemed to need hospitalization by attending physicians and/
or nurse practitioners the next morning, a case manager
would approach the patient for enrollment in the program.
Exclusion criteria were patients younger than 20 years of
age, those transferred to a nonregional hospital, those with
psychosis as a major diagnosis, and those transferred for
surgery or hospice care.

Study Variable

We selected sets of variables a priori and examined their
associations with the outcomes of the patient transferred. The
data were collected with two electronic databases including
the following items: patient age, gender, level of education,
residential area, comorbidities measured by the Charlson
Comorbidity Index (CCI), coronary artery disease status,
hypertension status, bedridden status, history of tracheostomy;,
major surgery or illness status, and the presence of a do-not-
resuscitate (DNR) order.

Clinical Characteristics
We hypothesized that patient level, the 5-level triage rating,
and transfer variables would influence outcomes. Variables
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(Evaluated by attending physicians or nurse practitioners)
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l

Medical centre provides
1. Medical records
2. Handoff by phone
Regional hospital offers
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2. Available subspecialists

}

1. Transfer permit signed

2. Ambulance arranged

!

Direct admission to ward

| Bed not available |

l

1. Contact other regional hospitals

2. Contact again the next day

Figure 1. Transfer Process. Abbreviation: ED, emergency department.

of the ED that were included are as follows: TTAS data, vital
signs, symptoms in triage, examinations after suggestions
to transfer (eg, ultrasonography, computed tomography,
endoscopy), initial and discharge diagnoses, and changes in
diagnosis.

Transferred of Time Situation

This study also analyzed time variables to clarify if time factors
influenced outcomes. Time from triage to transfer suggestion
included the time duration from triage to the moment it was
suggested that the patient be transferred to a regional hospital.
ED length of stay was the time from triage to ED discharge.

Outcome Measures

Data were merged from Mars and the EMR by patient
identification chart number. Outcomes of interest included
mortality and total length of stay. Mortality indicated those
patients who died while in the hospital, and total length of
stay indicated the duration from medical center ED triage
to discharge from the hospital (medical center or regional
hospital).

Data Analysis

Data were entered and analyzed using IBM SPSS statistics,
version 24.0. Descriptive statistics were used to report the
mean and standard deviation of the continuous variables;
categorical variables were presented with counts and
percentage. In univariate analyses, normally distributed data
were compared using the independent ¢ test and categorical

data were compared using chi-square analyses. For all
time-related variables in our study, their distribution was
right-skewed, so we reported medians/interquartile ranges
and performed non-parametric statistical analysis. Non-
parametric confidence intervals were obtained by performing
the bootstrapping procedure 1000 times. A two-sided alpha
level of .05 was used for all statistical testing. A P value
less than .05 was considered statistically significant with
correction for multiple comparison.

Propensity score matching method was used to balance
baseline characteristics between the two groups.?>* Factors
related to transfer decision and outcomes of interest (eg, age,
gender, CCI, Triage levels, Diagnosis) were included in a
logistic regression model to predict the probability of transfer,
namely, the propensity score for transfer? (Table S1,
Supplementary file 1). The propensity was then assigned to
each individual. Transferred patients were matched to controls
(non-transferred) one-to-one by a greedy nearest neighbor
matching algorithm and matching without replacement,
with a minimum match caliper of 0.0228.7** Numeric and
graphic diagnostics were performed to check the balance of
the matched pairs, including standardized mean difference
(SMD) and distribution of the propensity scores.”” We used
R3.5.3 software; statistics of the match were evaluated by the
distribution of propensity score and SMD.*"** As opposed to
the traditional statistical test of a hypothesis, SMD greater
than 0.25 was used as the indicator of distribution unbalance
to avoid potential bias caused by sample size.”
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Results
A patient selection diagram is displayed in Figure 2. We
examined a total of 1759 patients who were eligible for transfer
from the medical center to regional hospitals. We excluded
901 transferred patients who were younger than 20 years of
age, those transferred to a nonregional hospital, patients with
psychosis as major diagnosis, patients who were transferred
for surgery or hospice care, or patients who experienced
a problem (eg, change mind, ICU requested by regional
hospital teams) during the transfer. A total of 21 patients, in
which ICU service was requested by regional hospital teams,
were eventually transferred to the ICU of regional hospitals.
Thus, they were excluded as the transfer program only
considered patients suitable for care on the ward. Finally, a
total of 721 patients were analyzed in this study. Of those, 420
(24%) underwent an interhospital transfer, and copies of the
283 patients’ responses to referral were received by regional
hospitals (response rate 67%). There were no differences in
demographic features among those whose referral sheets were
replied vs. those whose referral sheets not replied (Table S2,
Supplementary file 1). A total of 225 paired patients were
included after propensity score matching.

In the original unmatched cohort, younger patients were

more likely to be transferred (mean age+SD, 64.0+19 vs
58.9+19.7 years; P<.001). The presence of a DNR order was
less likely among those who underwent transfer (4.8% vs
0.7%; P = .002). For Non-transfer or transferred patients who
had a DNR order, their CCI scores were similar (mean + SD
2.95+2.1 vs 4.5+6.4, P=.791). The transfer suggestion was
made later in the non-transferred group with a longer time
from triage to transfer suggestion (median 21.8 vs 17.7 hours,
P<.001). There was no difference in residential area and CCI
among those receiving transfers vs those who did not (Table
1). The 438 non-transferred patients spent a median of 28
hours boarding in the ED (from suggestion to transfer to
departure from the ED); of them, 127 were treated in the ED
and eventually were discharged. These 127 patients spent a
median of 67.2 hours in the ED.

After propensity score matching, there were 225 patients
who were not transferred matched to 225 patients who
were transferred. The presence of a DNR order was more
prevalent among those who were not transferred (2.7% vs
0.0%; P=.043). Those not transferred had a lower mean
arterial blood pressure in triage (93.9+18 vs 98.0+18.6 mm
Hg; P=.024) and had fewer examinations after suggestion to
transfer (43.1% vs 53.3%; P=.034) than patients who were

N=1759

Patients suitable for transferring to regional hospitals
from emergency department in the medical center

o Transferred to non-regional hospital (n = 591)

Excluded patients (n = 721)

e <20 years (n =42)

o Psychosis as major diagnosis (n = 23)
o Transferred for hospice care (n = 14)

o Transferred for surgery (n = 42)

e Missing data (n=1)

e Before evaluation of admission (n = 8)

Elective patients enrolled for the study
n=1038

Excluded during transferring (n =180)
e Change mind (n = 20)
,| ¢ Discharge on the same day (n = 107)
o Intensive unit care requested by regional
hospital teams (n = 21)

o Transferred to regional hospital ED (n = 32)

} }

Not transferred Transferred
n=438 n=420

—-‘ o No referral sheets replied (n = 137)

Transferred
n=283

«— Propensity score matching —»

v v

Propensity Matched Cohort Propensity Matched Cohort

n=225 n=225

Figure 2. Patient Selection Algorithm. Abbreviation: ED, emergency department.
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Table 1. Demographic, Medical Histories, Clinical Characteristics, and Time of Transfer of Patients Transferred and Not Transferred to Regional Hospitals Before

Propensity Score Matching

Not Transferred (n = 438) Transferred (n = 283) P Value®
Demographic variables, No. (%)
Age (265y) 226 (51.6) 113 (39.9) .002
Gender (male) 231 (52.7) 152 (53.7) .799
Education (above senior high school) 248 (56.6) 173 (61.1) .230
Residential area .980
Taipei city 206 (47.0) 135 (47.7)
New Taipei city 203 (46.3) 130 (45.9)
Other 29 (6.6) 18 (6.4)
CCl, (mean = SD) 14+138 1.3+1.9 465
Medical histories not included in CCI, No. (%)
CAD/valvular heart disease/arrhythmia 88(20.1) 51(18.0) 491
Bedridden 16 (3.7) 4(1.4) .102
Tracheostomy 4(0.9) 1(0.4) .653
Major surgery 93 (21.2) 56 (19.8) .640
Major illness 53 (12.1) 38 (13.4) .600
Having do-not-resuscitate order 21 (4.8) 2(0.7) .002
Clinical characteristics, (mean * SD)
Temperature (°C) 37.6+1.1 37.6+1.1 .739
Heart rate (/min) 96.6 £ 19.7 94.9+20.3 .259
Respiration rate (/min) 20.1+2.3 20.0+2.2 .385
Oxygen saturation (%) 96.7+2.1 96.9+2.1 .186
Mean arterial blood pressure (mm Hg) 95.8+18.0 97.9+18.1 127
Time variable, (Median, IQR)
Time from triage to suggestion to transfer (h) 21.8 (15.5-40.5) 17.7 (9.4-26.9) <.001
ED length of stay (d) 2.8(1.8-3.9) 0.9 (0.6-1.5) <.001

Abbreviations: CCl, Charlson Comorbidity Index; CAD, coronary artery disease; IQR: Interquartile range; SD, standard deviation; ED, emergency department.
@ P value was examined by chi-square test or t test or Mann-Whitney test to compare the two groups.

transferred.

The non-transfer group had a longer time from triage to
suggestion to transfer (median 19.8 vs 18.2 hours, P=.041)
and a longer ED length of stay (median 2.7 vs 0.9 days,
P<.001) compared with those who were transferred. There
was no difference in discharge diagnosis and total length of
stay among those receiving transfer vs. those who did not.
In-hospital mortality was low for both groups (3.1% in the
medical center vs 1.3% in regional hospitals; P=.344). The
results of the matching and analysis are displayed in Tables
2and 3.

Discussion

This study compared length of stay and mortality between
patients who accepted or refused transfer from the medical
center after primary treatment, and this study supported our
hypothesis of similar length of stay outcome between the two
groups in this bed-to-bed transfer program. The mortality
rates were low for both groups and our sample may be too
small to compare the difference. In addition, we found a
shorter time from initial triage to suggestion to transfer,
and younger patients with stable vital signs were related to a
higher transfer acceptance rate. On the other hand, having a
DNR order was more prevalent among those who were not
transferred. The possible reasons included that these patients

may have a longer term relationship with primary care
doctors in the medical center. This phenomenon is congruent
with previous studies of medical resource utilization of
patients in Taiwan.’*? We also found that the examinations
after suggestion to transfer and ED length of stay were
different between the two groups. More examinations were
performed in regional hospital probably because transferred
patients were new to them. The prolonged ED length of stay
in the non-transfer group was partly because some patients
(n=127) completed treatment in the ED and were discharged.
This reflected the problem of ED overcrowding and boarding
of patients, underscoring the importance of this bed-to-bed
transfer program.

Importantly, the results showed no significant differences in
the total length of stay among those receiving transfer vs those
who did not in this study; this was reflected in the previous
studies that examined patients with medical or surgical
problems who were transferred'***** but was contradicted by
others.'”* The reason that there was no significant difference
in total length of stay among patients might be because this
program focused on a transfer of patients with common
medical problems to regional hospital model. Rush et al
found that patients who were severely ill with sepsis and on
a ventilator had longer total length of stay after transfer.'®
Salehi et al also proposed that prolonged emergency stay time
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Table 2. Demographic Features, Medical Histories, Clinical Characteristics, and Time of Transfer of Patients Transferred and Not Transferred to Regional Hospitals

After Propensity Score Matching

Variables Not Transferred (n = 225) Transferred (n = 225) P Value®

Demographic variables, No. (%)
Age (265y)
Gender (male)
Education (above senior high school)
Residential area
Taipei city
New Taipei city
Other
CCl, (Mean + SD)

Medical histories not included in CCI, No. (%)
CAD/valvular heart disease/arrhythmia
Bedridden
Tracheostomy
Major surgery
Major illness
Having do-not-resuscitate order

Clinical characteristics
Temperature (°C), (SD)

Heart rate (/min), (SD)
Respiration rate (/min), (SD)
Oxygen saturation (%), (SD)
Mean arterial blood pressure (mm Hg), (SD)
Discharge diagnosis, No. (%)
1**: Pneumonia
2": Urinary tract infection
34 Cellulitis
4t Cerebral vascular disease
5th: Acute cholecystitis
Examinations after suggestion to transfer,? No. (%)
Diagnosis change, n (%)

Time variable, (Median, IQR)

Time from triage to suggestion to transfer (h)
ED length of stay (d)

99 (44.0) 102 (45.3) 831
121 (53.8) 125 (55.6) 776
132 (58.7) 130 (57.8) .920
078
92 (40.9) 110 (48.9)
117 (52.0) 103 (45.8)
16 (7.1) 12 (5.3)
1.4+1.8 1.3+1.9 783
44 (19.6) 45 (20.0) 1.000
8(3.6) 4(1.8) 391
0(0.0) 1(0.4) 1.000
43(19.1) 44.(9.6) 1.000
29 (12.9) 29 (12.9) 1.000
6(2.7) 0(0.0) .043
37.6+1.1 37.6+1.1 .990
95.9+20.1 94.2 +20.7 376
20424 19.9+2.3 711
96.6+2.1 98.9+2.1 283
93.9+18.0 98+18.6 .024
47 (20.9) 41(18.2) 531
40 (17.8) 40 (17.8) 1.000
24 (10.7) 30(13.3) 424
22 (9.8) 20 (8.9) 857
13 (5.8) 9 (4.0) 521
97 (43.1) 120 (53.3) .034
8(3.6) 17 (7.6) 072
19.8 (13.7-35.5) 18.2 (10.1-31.0) .041
2.7 (1.8-3.9) 0.9 (0.6-1.6) <.001

Abbreviations: CCI, Charlson Comorbidity Index; CAD, coronary artery disease; IQR: Interquartile range; SD, standard deviation; ED, emergency department.
2 Examinations after suggestion to transfer means that the patients received additional medical examinations after transfer decision was made, such as

ultrasonography, computed tomography, and endoscopy.

® p value was examined by McNemar test or paired t test or Wilcoxon signed rank test to compare two groups.

Table 3. Outcome for Transferred and Not Transferred Patients

Not Transferred (n = 225) Transferred (n=225) P Value® 95% CI° for the Between-Group Difference
Hospital length of stay (days), (IQR) 6 (0-11) 7 (4-11) .108 -2.54 t0 0.81
Total length of stay (days),” (IQR) 8.7 (4.7-13.9) 7.9 (5.7-11.7) .245 -0.77to 2.61
In-hospital mortality, No. (%) 7(3.1) 3(1.3) 344 -0.9% to 4.5%

Abbreviation: IQR: Interquartile range.

2 Total length of stay were the sum of the time spent in hospitalization and ED stay.
b P value was examined by McNemar test or Wilcoxon signed rank test to compare two groups.
¢ Confidence interval for the between-group difference (not transferred group — transferred group).

would lead to an increase in the length of hospitalization due
to several contributing factors such as age, comorbidities, and
subspecialist ward requirement.! The finding in this study is
different from the previously mentioned studies because our

patient population was younger, with lower CCI, and only
needed general wards,' therefore, there may be no significant
difference in the length of stay after hospitalization. Patients
in the bed-to-bed program could be admitted directly into
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regional hospitals, while those who refused and stayed in the
ED of medical centers maintained their current treatment.'>*
The ED length of stay was significantly shorter and was
reduced by 1 day in the transferred group in our study. This
outcome supports that one goal of the bed-to-bed program—
early hospitalization—actually reduced ED length of stay
but did not influence total length of stay. The results in this
study show that, in the case of ED crowding, referral could
reduce emergency stay time, and would not increase the total
length of stay. Therefore, the referral program can provide
improvements in ED crowding.

Whether there is a different mortality rate in different
medical units is always of great concern. With the caveat
of an underpowered sample, we did not find statistically
significant in-hospital mortality differences between the two
groups. This is congruent with previous studies of the transfer
of patients with surgical problems.'** This result shows
that transferring patients from medical centers to regional
hospitals does not increase mortality risk. However, patients
transferred to academic or large hospitals had significantly
reduced mortality in another study."” One possible reason for
this is that the subject of the previous study was focused on
patients with a history of stroke receiving some form of active
stroke intervention (eg, intravenous tissue plasminogen
activator, thrombectomy)."” This is a critically ill group who
should be treated and given further care in medical centers.
This also highlights the importance of providing healthcare in
appropriate hospital levels according to the severity of illness
and diagnosis. Our study included the transfer of patients
with urgent and less urgent problems to regional hospitals by
assessing TTAS.

Our study found that the bed-to-bed transfer program
showed no difference in total length of stay and could
decrease ED length of stay. We can extrapolate from this
model to address the same ED crowding problem in other
cities. Therefore, when medical teams evaluate the feasibility
of transferring patients to regional hospitals, it is suggested
that they develop more standardized assessment criteria for
transfer and for decision-making by the medical team to
reduce possible mistakes. As shown in our results, common
diseases are suitable for treatment in community hospitals (eg,
pneumonia, urinary tract infection, cellulitis). Furthermore,
the reliability and validity of the screening tool should be
developed and examined for selecting patients suitable for
transfer.

Limitations

Although this study addressed the important findings, there
are some limitations to consider. First, this study may be
underpowered to detect differences in mortality. Therefore,
a larger multi-center randomized study would be the next
step to confirm our findings. Second, we used propensity
score matching to reduce the effect of confounding factors.
However, we did not have more granular data (ie, symptoms,
initial inpatient management) that could have been
controlled. Third, this retrospective cohort study included
only one medical center. The results may not be generalized

to all individuals needing a transfer.

Conclusion

This program had a 24% transfer rate and this propensity
score-matched cohort study found that the program resulted
in similar total length of stay between patients who were
transferred and those who were not transferred. The study
may be underpowered to detect differences in mortality
because of a relatively small sample size. Therefore, this
healthcare delivery model may be useful in other cities facing
similar problems of ED crowding.

Ethical issues
This project was approved by The National Taiwan University Hospital Research
Ethics Committee (IRB No.: 201806084RIND).

Competing interests
Authors declare that they have no competing interests.

Authors’ contributions

NWK, CHH, and CCF initiated the study. NWK designed the study, conducted
the interviews and prepared the original drafts of the manuscript. CLT and SCC
assisted with the design. CLT, CHH, and SCS assisted with the data analysis.
CLT and SCC trained and supported NWK in the data collection and analysis
methods. All authors made significant contributions to the final manuscript.
NWK and SCS are guarantors.

Funding
This work was supported by The National Taiwan University Hospital project
grant 108-004140.

Authors’ affiliations

'School of Nursing, National Taiwan University, Taipei, Taiwan. ?2Department of
Emergency, National Taiwan University Hospital, Taipei, Taiwan. *Department of
Emergency Medicine, College of Medicine, National Taiwan University, Taipei,
Taiwan. “Institute of Clinical Nursing, College of Nursing, National Yang Ming
Chiao Tung University, Taipei, Taiwan.

Supplementary files
Supplementary file 1 contains Tables S1 and S2.

References

1. Salehi L, Phalpher P, Valani R, et al. Emergency department boarding:
a descriptive analysis and measurement of impact on outcomes. CJEM.
2018;20(6):929-937. doi:10.1017/cem.2018.18

2. Pines JM, Hilton JA, Weber EJ, et al. International perspectives on
emergency department crowding. Acad Emerg Med. 2011;18(12):1358-
1370.  doi:10.1111/1.1553-2712.2011.01235.x

3. Patel PB, Combs MA, Vinson DR. Reduction of admit wait times: the
effect of a leadership-based program. Acad Emerg Med. 2014;21(3):266-
273. doi:10.1111/acem.12327

4. McCarthy ML, Ding R, Pines JM, Zeger SL. Comparison of methods for
measuring crowding and its effects on length of stay in the emergency
department. Acad Emerg Med. 2011;18(12):1269-1277. doi:10.1111/
j.1553-2712.2011.01232.x

5. Bittencourt RJ, Stevanato AM, Braganga C, Gottems LBD, O’'Dwyer G.
Interventions in overcrowding of emergency departments: an overview
of systematic reviews. Rev Saude Publica. 2020;54:66. doi:10.11606/
$1518-8787.2020054002342

6. Li M, Vanberkel P, Carter AJE. A review on ambulance offload delay
literature. Health Care Manag Sci. 2019;22(4):658-675. doi:10.1007/
$10729-018-9450-x

7. vanderLinden MC, Meester BE, van der Linden N. Emergency department
crowding affects triage processes. Int Emerg Nurs. 2016;29:27-31.
doi:10.1016/j.ienj.2016.02.003

8.  Beltran Guzman |, Gil Cuesta J, Trelles M, et al. Delays in arrival and
treatment in emergency departments: women, children and non-trauma
consultations the most at risk in humanitarian settings. PLoS One. 2019;
14(3):€0213362. doi:10.1371/journal.pone.0213362

1850| International Journal of Health Policy and Management, 2022, 11(9), 1844—1851


https://www.ijhpm.com/jufile?ar_sfile=54148
https://doi.org/10.1017/cem.2018.18
https://doi.org/10.1111/j.1553-2712.2011.01235.x
https://doi.org/10.1111/acem.12327
https://doi.org/10.1111/j.1553-2712.2011.01232.x
https://doi.org/10.1111/j.1553-2712.2011.01232.x
https://doi.org/10.1007/s10729-018-9450-x
https://doi.org/10.1007/s10729-018-9450-x
https://doi.org/10.1016/j.ienj.2016.02.003
https://doi.org/10.1371/journal.pone.0213362

Ku et al

20.

21.

22.

Chang YH, Shih HM, Chen CY, Chen WK, Huang FW, Muo CH.
Association of sudden in-hospital cardiac arrest with emergency
department crowding. Resuscitation. 2019;138:106-109. doi:10.1016/j.
resuscitation.2019.03.001

Kim JS, Bae HJ, Sohn CH, et al. Maximum emergency department
overcrowding is correlated with occurrence of unexpected cardiac arrest.
Crit Care. 2020;24(1):305. doi:10.1186/s13054-020-03019-w

Chiang WT, Li WH, Liao CC. Emergency department overcrowding in
Taiwan. Fu-Jen Journal of Medicine. 2015;13(4):223-231. doi:10.3966/1
81020932015121304007

Hsu CM, Liang LL, Chang YT, Juang WC. Emergency department
overcrowding: quality improvement in a Taiwan Medical Center. J Formos
Med Assoc. 2019;118(1 Pt 1):186-193. doi:10.1016/j.jfma.2018.03.008
Yu SM, Chan SY, Chu D, Chen YT. The quantity and satisfaction report
of policy implementation of a single regional hospital receiving patient
referred from the Taipei City medical center emergency department. Taipei
City Medical Journal. 2017;14(2):171-177. doi:10.6200/tcmj.2017.14.2.05
Hill AD, Fowler RA, Nathens AB. Impact of interhospital transfer on
outcomes for trauma patients: a systematic review. J Trauma. 2011;
71(6):1885-1900. doi:10.1097/TA.0b013e31823ac642

Holland CM, Lovasik BP, Howard BM, McClure EW, Samuels OB, Barrow
DL. Interhospital transfer of neurosurgical patients: implications of timing
on hospital course and clinical outcomes. Neurosurgery. 2017;81(3):450-
457. doi:10.1093/neuros/nyw124

Rush B, Tyler PD, Stone DJ, Geisler BP, Walley KR, Celi LA. Outcomes
of ventilated patients with sepsis who undergo interhospital transfer:
a nationwide linked analysis. Crit Care Med. 2018;46(1):e81-e86.
doi:10.1097/ccm.0000000000002777

Sonig A, Lin N, Krishna C, et al. Impact of transfer status on hospitalization
cost and discharge disposition for acute ischemic stroke across the US. J
Neurosurg.2016;124(5):1228-1237. doi:10.3171/2015.4.jns 141631

Tsai JC, Tsai YT, Weng SJ, Liu SC. Emergency department overcrowding:
an overview of critical issues and improvement strategies. Taiwan J Public
Health.2021;40(1):8-29.doi:10.6288/tjph.202102_40(1).109124
Castillo-Angeles M, Uribe-Leitz T, Jarman M, et al. Transferred emergency
general surgery patients are at increased risk of death: a NSQIP
propensity score matched analysis. J Am Coll Surg. 2019;228(6):871-
877. doi:10.1016/j.jamcollsurg.2019.01.014

Nickles AV, Roberts S, Shell E, et al. Characteristics and outcomes of
stroke patients transferred to hospitals participating in the Michigan
Coverdell Acute Stroke Registry. Circ Cardiovasc Qual Outcomes. 2016;
9(3):265-274. doi:10.1161/circoutcomes.115.002388

Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav Res.
2011;46(3):399-424. doi:10.1080/00273171.2011.568786

Trutschel D, Palm R, Holle B, Simon M. Methodological approaches
in analysing observational data: a practical example on how to
address clustering and selection bias. Int J Nurs Stud. 2017;76:36-44.
doi:10.1016/j.ijnurstu.2017.06.017

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Chang CC, Chen WM, Chen CF, Wu SC. Impact of chronic kidney disease
on outcome of total hip replacement patients. Taiwan J Public Health.
2016;35(1):53-65. doi:10.6288/tjph201635104066

Frost SA, Alexandrou E, Bogdanovski T, Salamonson Y, Parr MJ,
Hillman KM. Unplanned admission to intensive care after emergency
hospitalisation: risk factors and development of a nomogram for
individualising risk. Resuscitation. 2009;80(2):224-230. doi:10.1016/j.
resuscitation.2008.10.030

Tan C, Ng YS, Koh GC, De Silva DA, Earnest A, Barbier S. Disability
impacts length of stay in general internal medicine patients. J Gen Intern
Med. 2014;29(6):885-890. doi:10.1007/s11606-014-2815-z

Tam V, Frost SA, Hillman KM, Salamonson Y. Using administrative data
to develop a nomogram for individualising risk of unplanned admission
to intensive care. Resuscitation. 2008;79(2):241-248. doi:10.1016/.
resuscitation.2008.06.023

Austin PC. Optimal caliper widths for propensity-score matching when
estimating differences in means and differences in proportions in
observational studies. Pharm Stat. 2011;10(2):150-161. doi:10.1002/
pst.433

Wang Y, Cai H, Li C, et al. Optimal caliper width for propensity score
matching of three treatment groups: a Monte Carlo study. PLoS One.
2013;8(12):e81045. doi:10.1371/journal.pone.0081045

Austin PC. Assessing balance in measured baseline covariates when
using many-to-one matching on the propensity-score. Pharmacoepidemiol
Drug Saf. 2008;17(12):1218-1225. doi:10.1002/pds.1674

Stuart EA. Matching methods for causal inference: a review and a look
forward. Stat Sci. 2010;25(1):1-21. doi:10.1214/09-sts313

Li JY, Lin JW, Wu ZH, Wu HW, Yeh CC, Yang YW. A study on the
characteristics and medical resource utilization of patients with chronic
obstructive pulmonary disease. J Healthc Manag. 2008;9(3):159-173.
doi:10.6174/jhm2008.9(3).159

Chiu HY, Cheng SH, Tung YC. Associations of continuity and level
with outcomes and expenses of post-discharge care for patients with
heart failure. Taiwan J Public Health. 2016;35(1):66-79. doi:10.6288/
tjiph201635104065

Ahn JY, Ryoo HW, Park J, et al. New intervention model of regional
transfer network system to alleviate crowding of regional emergency
medical center. J Korean Med Sci. 2016;31(5):806-813. doi:10.3346/
jkms.2016.31.5.806

Russell P, Hakendorf P, Thompson C. Inter-hospital lateral transfer
does not increase length of stay. Aust Health Rev. 2015;39(4):400-403.
doi:10.1071/ah14216

Mueller S, Zheng J, Orav EJ, Schnipper JL. Inter-hospital transfer and
patient outcomes: a retrospective cohort study. BMJ Qual Saf. 2019;
28(11):e1.doi:10.1136/bmjgs-2018-008087

Kreindler SA, Cui Y, Metge CJ, Raynard M. Patient characteristics
associated with longer emergency department stay: a rapid review.
Emerg Med J. 2016;33(3):194-199. doi:10.1136/emermed-2015-204913

International Journal of Health Policy and Management, 2022, 11(9), 1844—1851

| 1851


https://doi.org/10.1016/j.resuscitation.2019.03.001
https://doi.org/10.1016/j.resuscitation.2019.03.001
https://doi.org/10.1186/s13054-020-03019-w
https://doi.org/10.3966/181020932015121304007
https://doi.org/10.3966/181020932015121304007
https://doi.org/10.1016/j.jfma.2018.03.008
https://doi.org/10.6200/tcmj.2017.14.2.05
https://doi.org/10.1097/TA.0b013e31823ac642
https://doi.org/10.1093/neuros/nyw124
https://doi.org/10.1097/ccm.0000000000002777
https://doi.org/10.3171/2015.4.jns141631
https://doi.org/10.6288/tjph.202102_40(1).109124
https://doi.org/10.1016/j.jamcollsurg.2019.01.014
https://doi.org/10.1161/circoutcomes.115.002388
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1016/j.ijnurstu.2017.06.017
https://doi.org/10.6288/tjph201635104066
https://doi.org/10.1016/j.resuscitation.2008.10.030
https://doi.org/10.1016/j.resuscitation.2008.10.030
https://doi.org/10.1007/s11606-014-2815-z
https://doi.org/10.1016/j.resuscitation.2008.06.023
https://doi.org/10.1016/j.resuscitation.2008.06.023
https://doi.org/10.1002/pst.433
https://doi.org/10.1002/pst.433
https://doi.org/10.1371/journal.pone.0081045
https://doi.org/10.1002/pds.1674
https://doi.org/10.1214/09-sts313
https://doi.org/10.6174/jhm2008.9(3).159
https://doi.org/10.6288/tjph201635104065
https://doi.org/10.6288/tjph201635104065
https://doi.org/10.3346/jkms.2016.31.5.806
https://doi.org/10.3346/jkms.2016.31.5.806
https://doi.org/10.1071/ah14216
https://doi.org/10.1136/bmjqs-2018-008087
https://doi.org/10.1136/emermed-2015-204913

