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ABSTRACT

Emergency Department (ED) overcrowding is a common
medical care issue in the United States and other devel-
oped nations. One major cause of ED crowding are hold-
ing patients waiting in the Emergency Room (ER) for in-
patient unit admission where they block critical ED
resources. With input data from a hospital in Massachu-
setts/USA, we tested five patient buffer concepts which
aim at relieving pressure of the ER. The buffers are also
assumed to improve patient and staff satisfaction through
their design tailored to needs in patient flow. To ensure
patients safety, we performed tests with discrete event
simulation in which we discovered ‘triage to bed time’
reductions of up to 22% and ‘diversion hour’ decreases of
up to 24%. All buffers managed to run with significantly
less resources than the ER. Our findings have a potential
impact on hospital process flow due to clear results which
offer substantial improvement of hospital organization.

1 INTRODUCTION

1.1 Objective

This study deals with a potential solution for overcrowd-
ing in Emergency Departments (EDs) worldwide. The
main objective of this study is to improve the hospital en-
vironment where human life is consistently at risk. We
test if buffers (more efficiently organized waiting periods,
where the buffer’s staff shields the ER staff from annoy-
ing routine matters) in the patient flow can improve hos-
pital organization significantly by using fewer resources.
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In order not to harm real patients, we apply a discrete
event simulation model for testing buffer alternatives.

1.2 Background

Acute illness and traumatic injuries happen at any time.
Often an ED is the only source of emergency medical
care. Unfortunately, many EDs around the world are
crowded on a daily basis (Cowan and Trzeciak 2005;
McCaig and Burt 2004). Sometimes an ED stay can last
up to eight hours because of ED crowding (Kowalezyk
2007). This problem has been recognized since the early
1990s (Andrulis et al. 1991). Overcrowding has dramatic
consequences: although an ambulance with a patient is
indeed near a particular hospital, it may have to be di-
verted to a hospital far away, because the initial ED was
full. This is called ‘diversion status’ of the overcrowded
hospital. Frequently, hospitals in an area go on diversion
status simultaneously. This leads to higher mortality rates
for those diverted patients (Brewer 2002; Richardson
2006).

ED overcrowding is believed to be a systemic prob-
lem (Schneider et al. 2001). Overcrowding is commonly
perceived as a situation in which there are more patients
than staffed treatment beds and waiting times exceed rea-
sonable periods. Crowding typically involves the follow-
ing patients: those waiting for ED admission, those being
monitored in non-treatment areas, and those awaiting
transfer to the inpatient unit (IU), which is all the inpa-
tient wards/clinics. Often, the direct consequence of
crowding is placing the hospital on diversion status.
However, the overcrowding as well as the criteria to go
on diversion status are nebulous (Derlet, Richards, and
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Kravitz 2001; Jones et al. 2006; Hoot et al. 2007). Thus,
we have applied our own real time metric as follows
(Kolb, Lee, and Peck 2007). Crowding takes place if both
of the following conditions apply:

e 100% Emergency Room (ER) bed utilization and

¢ Queue length > 50% of ER beds.

Not depending on the size of the ED, this metric repre-
sents a combination of resource stress and waiting times.
There are three areas which impact the patient flow in
an ED: influx, throughput and outflux. Two of them are in
fact independent of the ED.
The influx into the ED has risen, because there are
more patients who, growing older, need more emergency
medical treatment (McCaig and Burt 2004; Cowan and
Trzeciak 2005). At the same time, primarily in the US,
EDs are acting as a safety net for uninsured people of all
ages (Schull, Kiss, and Szalai 2007).
Concerning throughput, it is difficult to identify the
departmental reasons for. However, a number of potential
factors have become the focus of research: Among other
things Miro et al. (2003) focused on ED-layout to shorten
the walking distances and promote communication. The
triage and registration are another current focus of re-
search (Bertoty 2007; Subash 2004). Providing diagnostic
equipment which the ED owns (blood work, CT, X-Ray)
combined with full electronic records has helped to sig-
nificantly improve testing efficiency over the past decade.
Another major ED system improvement has been the in-
troduction of Fast Track, which processes low acuity cas-
es (Garcia 1995; Peck et al. 2008).
With regard to outflux, there is a systematic problem
in which patients who need further treatment in a hospital
cannot leave the ER because the inpatient ward is not
ready to take them. It has been well supported that this ef-
fect is a major cause of ED overcrowding. This has been
shown qualitatively as well as quantitatively by Schull et
al. 2003, Forster et al. 2003, Rathlev et al. 2007, and US
GAO 2003.
For the very first time, Kolb, Lee, and Peck (2007)
investigated under which specific conditions patient back-
log between the ED and IU actually occurs. It was found
that backlog is a function of the variable ‘IU utilization’
and the variable ‘coupling between the ED and the 1U’.
These findings have implications for guiding a hospital’s
effort to optimize its system.
Some measures have been suggested to reduce the U
backlog effect.
e Accelerating the admission process between the
ER and the IU’s ward (Yancer et al. 2007).

e Using hallways of inpatient wards to place
boarding patients (Greene 2007).

e  Observation Units, which are units that hold pa-
tient with stay times of less than 24 hours, have
been implemented successfully, to reduce U
coupling, but the degree of organizational im-
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provement is unclear (Richardson, Dick, and
Schneider 2007).
1.3  Structure
This paper consists of five chapters. Number 1 presents
the objective and the status quo in research. Chapter 2 fo-
cuses on the simulation modeling, the data set and the re-
sponse variables. In chapter 3 the parameter studies start
with the benchmark scenario and are followed by the five
buffer studies. Chapter 4 analyzes the most promising
concepts in a comparative study. Finally, Chapter 5 pre-
sents the conclusions of our work.

2 THE SIMULATION MODEL

This chapter deals with the actual simulation model. For
details on the following please see Kolb (2008).
2.1  Conceptual Modeling
The information acquisition at the local hospital, which
cannot be named for reasons of confidentiality, is the ba-
sis for model building. In order to acquire knowledge
about the problem entity, we gathered extensive informa-
tion at the hospital. We started by observing a particular
hospital, located in a U.S. suburban area, one mile away
from a highway. This hospital’s ED consisted of 24 adult
ER beds, 8 pediatric ER beds, and 4 fast-track beds for
minor acuity cases. It had two X-Ray rooms, one CT
room, one blood work room, three triage rooms, and two
registration rooms. Although, many details of the ED
could not be directly observed, these details needed to be
understood. Therefore, we extensively interviewed the
various staff and managers. By doing so, we learned
about ED processes in practice and theory and the critical
ED aspects which needed to be part of our simulation.
Figure 1 maps the patient process flow in a ‘concep-
tual model’ of the ED-IU system. At this macroscopic
scale, the ED-IU system is described by two stations with
a branching point in between. On a more detailed scale,
the system shows influx channels, the front-end (the gree-
ter, waiting area, triage, registration), the fast-track, the
adult ER, the pediatric ER, the diagnostic area (X-Ray,
CT, blood work), and the TU.
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Figure 1: Our conceptual model of the ED-IU system
2.2 Computerized Model

The ED is simulated by a discrete event model which has
become increasingly popular for hospital simulation stud-
ies in the past decade (Jacobson, Hall, and Swisher 2006).
We have deployed the commercial software Rockwell
Arena™, which provides input data analyses, advanced
visualization as well as scenario analyses (Kelton,
Sadowski, and Sturrock 2007).

The focus of our ED-IU model is the logical repre-
sentation of the hospital organization. Among other as-
pects, the model is determined by its complex entity flow
which reflects the significant real-world flows. Com-
monly in simulations, the complexity of simulation mod-
els is kept manageable by defining submodels (see Figure
2).

Patient arrival

v v
Ambulance Entrance Walk-in Entrance
—
Diagnostic
Area Triage Rooms
A [
4 v

v
| [Pediavic TR [AdulER | [Fast Track ]|
\
A
Discharge Lounge Holding Area

[ Observation Unit] [Inpatient Unit]
] I

Figure 2: Submodel logic of the computerized model

Validating the simulation model is the key to acquir-
ing reliable study results. We applied the principles of
Osman Balci (1995). Furthermore, we followed the mod-
eling and validation process of Robert Sargent (1999) and
used the validation tools of Jerry Banks et al. (2005). At
the end of our validation process, the simulation model

was proved to be sufficiently accurate for our research
question.

2.3  Data Set for Simulation Input

Historical data acquisition is crucial, because the results
of a simulation are only as good as the input information.
In our case, the hospital staff has shared historical data
with us, fast answers to our questions, and in depth dis-
cussions of our findings. Our partner hospital has been
extremely valuable for our research due to it being an ‘av-
erage’ hospital with respect to the following aspects: pa-
tient demographics, acuity mix (the mixture of severe and
minor medical cases), number of beds, suburban vicinity
of hospital, and staffing. Because such a hospital is typi-
cal for many countries worldwide, our findings can in-
deed be applied to hospitals anywhere.

The data in the simulation deals with 8,525 patients,
who have been tracked from January 17, 2007 to March
31, 2007. Adult patients account for 69% of the total vol-
ume, pediatric patients for 31%. Severely injured patients
represent 22%, minor cases account for 29% of the total
volume. Monday is the busiest day, Tuesday to Thursday
are very similar, Saturday brings significantly more pa-
tients and Sunday notably less.

2.4  Response Variables

Comparing the buffers concepts requires consistent key
performance indicators (KPIs) for each of them. These
indicators are response variables of our model. The KPIs
are as follows:

o Holding patients time [h/month] represents the
mean holding time of all backlog patients in the
ER over the two month period.

e Triage-to-bed time [min] is the mean time from
the patient leaving the triage room to be placed
in a bed.

e Diversion time [h/month] denotes the cumula-
tive monthly hours during which the ED is on
diversion status.

e Buffer concept utilization [%] expresses how
much patient traffic there is in a given day

e IU utilization [%] explains the bed occupancy
(e.g. 80% of the beds are taken). In practice,
there is no standard way of measuring the IU uti-
lization. Most commonly, it is measured at mid-
night.

e Buffer time [min] is the mean duration from en-
tering the buffer zone until leaving it.

3 PARAMETER STUDIES

Five buffer concepts are presented, tested and evalu-
ated in this chapter. Each concept is tested using one or
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more scenarios which differ by their opening hours. The
overview of all studies and scenarios is shown in
Table 1.

Table 1: Overview of the tested scenarios

Bufer Scenario Name Regarding
concept
1 1
2 . A buffer zone between
3 Holding Area the ED and TU
4
1 ! ED-Discharge A buffer for patients who wait
2 . .
3 Lounge a long time to be discharged
1 1 Observation Unit A sepa'lrate test and tr'eatment
unit for <24h patients
v ; Holdmg.Area and The concept referes to all
3 ED- Discharge patients, who block beds
Lounge in the ER
4 Combination
Holding Area, ED-
v 1 Discharge Lounge This concept combines
and Observation concepts I, I and III
Unit Combination
3.1 Benchmark Scenario

The benchmark scenario is a status quo simulation of the
ED using historical data. This scenario represents the or-
ganization of our real ED. The results from this simula-
tion are the benchmark values for comparison with simu-
lated changes to the ED. The results can be found in the
top line of Table 2.

3.2  Buffer Concept I: Holding Area

The first buffer concept we examined is the ‘Holding
Area’. It is can be found in the patient flow between the
ED and the connected IU in Figure 3.

! Ambulance patients

+ Ambulance diversion Patients discharge,

! ! | Hospital j
: Patients i
! Emergency admission | Holding Inpatient i
Department > Area || Unit H
\ (ED) (HA) (1)
' Walk-in patients V' Patients release to home
V' Patients release to nursing homes
VLWBS patients V' Patients transfer to other hospitals

Figure 3: Scheme of Buffer Concept I in the patient flow

Admitted patients frequently spend unproductive
time in the ER awaiting physical admission. This is espe-
cially a problem during high-volume hours when the ED
is pressured to process a large patient load. If the holding
patients who block ER beds were in the Holding Area,

1519

they would not only free up the ER beds, but they would
use fewer hospital resources such as staff and equipment.
In this simulation, we use a buffer zone with 8 beds
which provides the necessary privacy for the patients, full
telemetry monitoring equipment, and two nurses. The
Holding Area needs to be physically close to the ER for
the following reasons:
e  The traffic flow is managed by the ER.
e The medical responsibility is covered by ER
Medical Doctors (MDs).
e Only an ED-managed Holding Area could alle-
viate pressure from the ED.
e The Holding Area is most efficient, if the re-
sponsibility for the patients from ER-Area to
Holding Area is not transferred.

3.2.1 Setup

We decided to test four Holding Area scenarios which
had different opening hours (see Table 2, Column 2). The
‘upper limit’ for improvement though a Holding Area
buffer is simulated by Scenario 1.4 where the area is open
for continuous 24-hour treatment. The other scenarios fo-
cus on peak hours of treatment.

3.2.2 Results and Discussion

The maximum number of patients entering the Holding
Area was about one patient every 40 minutes, which oc-
curs roughly between 7pm and midnight. The average
Buffer time was about 39 min with a variation of +/- 5 min
for the scenarios. During all cases the U utilization did
not change significantly. This was not surprising, since
the average time in the IU is 2.5 days (throughput which
is shifted by the ER, does not significantly affect the
much slower IU afterwards). The diversion time was re-
duced in all concepts: for Scenario 1.1 it is - 5%; Scenario
1.2 to 1.4 the diversion time was reduced by about 13%-
14%, which is a major improvement. Similarly, we noted
a significant triage-to-bed time improvement of 5% to
10% for Scenarios 1.1 to 1.4, which results from the addi-
tional resources for the processing in the ER. The holding
patients time was considerably affected by the actual
Holding Area opening hours: Scenario 1 was 5% better
than the benchmark, whereas Scenarios 2 and 3 showed a
significant improvement of 20% and 36 %, respectively.
This may be caused by late opening of the hospital por-
trayed in Scenario 1 which was linked to the high influx
of minor acuity patients in the afternoon. For some sce-
narios, the simulation did not reflect the actual patient
holding time. These study results are presented in detail in
Table 2. Scenarios 1.2 and 1.3 did indeed have a major
impact on the ED-IU system and consume fewer hospital
resources. Thus, we applied those scenarios for the com-
parative study of Chapter 4.
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3.3  Buffer Concept II: ED-Discharge Lounge

The second buffer concept that was studied is the ED-
Discharge Lounge (see Figure 4). Besides patients being
admitted to the IU, ER blocking also occurs from the dis-
charged patients, who stay in the ER waiting for their ac-
tual discharge. They are the second major blocking cause
in the ER. The ED-Discharge Lounge serves as a way to
remove these patients from ER to free beds.

! Ambulance patients
'+ Ambulance diversion

Patients discharge
i ! | Hospital !
iv Patients R i
Emergency exiaasten Inpatient |
Department AR > Unit >
"‘ (ED) ED-Discharge (1u)

| Lounge (DL)

L v Patients release to home
v ) Patients release to nursing homes
LWBS patients V' Patients transfer to other hospitals

' Walk-in patients

Figure 4: Scheme of Buffer Concept II in the patient flow

There are many different locations that a patient may
go after ED treatment. Because they are accompanied by
friends or family during their ED stay, some patients
leave immediately when they are allowed to. Other pa-
tients, however, have to wait for family or friends to pick
them up after work. Thus, many hours of ER blockage
quickly add up. Another group consists of transfer pa-
tients, who have highly variable waiting times to leave the
ED, which depend on severity of their illness, availability
of transportation to another hospital, and current capacity
of the receiving hospital. Patients who are discharged to a
nursing home are commonly not picked up until the after-
noon, when the daily processes in their nursing home are
done, in order to avoid overstretching their own capaci-
ties.

3.3.1 Setup

Three ED-Discharge Lounge scenarios are to be tested,
one of them is a continuous 24-hours setting which has
the disadvantage of pricey 24h staffing (see Table 2). All
scenarios will run 5000 times each.

3.3.2 Results and Discussion

For each scenario, the buffer time was set at 45.5 minutes
(see Table 2). As expected, the IU utilization was not af-
fected (set at 87%). By analyzing the buffer concept utili-
zation, we noted a decrease of 22% to 18% for Scenario 1
to 3, respectively. This was obviously caused by lower
throughput during the additional opening hours. The im-
provement in diversion time of the ED-Discharge Lounge
increased considerably from 6% in Scenario II.1 to 14%
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in Scenario II.3. Similarly, the triage-to-bed time in-
creased from about 6% for Scenario II.1 to about 14% for
Scenario I1.3. Interestingly, holding patients time rose
from about 2% to 6% for Scenarios 1 to 3. The response
variable we used only measures the holding time of ad-
mitted patient. As a matter of fact the holding patients
time therefore increased. With respect to our comparative
study, we decided to include Scenario I1.2, which used
fewer resources than the ER and significantly improved
the diversion hours and triage-to-bed time.

3.4  Buffer Concept III: Observation Unit

Buffer Concept III is conceived for observation patients
only, who have an expected hospital stay of less than 24
hours. These patients have to be determined before admit-
ting them, since this implies a different financial billing.
Such patients are placed in the Observation Unit instead
of the regular IU (see Figure 5).

 Ambulance patients
'+ Ambulance diversion

IU Patients discharge !

OU patients discharge |

| ' | Hospital . . ;
i ospra Observation admission r&pservation] |/ !
! > m
Department Pati dmissi i
\ (ED) atients admission Tnpatient 1,
d Unit (IU)
' Walk-in patients V' Patients release to home
V' Patients release to nursing homes
YLWBS patients V' Patients transfer to other hospitals

Figure 5: Scheme of Buffer Concept III in the patient flow

The Observation Unit differs from Buffer Concept I
and II, because it directly impacts the [U. We suppose that
the Observation Unit indirectly reduces ED overcrowding
because the stressed IU, which causes a back-up in the
ER, eventually becomes relieved by having to handle
fewer patients. Moreover, the entire caseload of IU wards
is simplified. In Addition, observation patients no longer
cause traffic jams along the admission track from the ED
to the IU wards. These effects might relieve considerable
pressure that had built up in the ED. Similar to Buffer
Concepts I and II, the Observation Unit should be super-
vised by ED management, so that the ED actually benefits
from the improvement.

3.4.1 Setup

The Observation Unit is tested exclusively in one 24-hour
scenario. The staffing constantly requires one physician
assistant, one technician and two nurses.

Comparing the simulated Observation Unit to its real
counterpart, we practically simplified our simulation
model. Our model does not include operation outpatients,
who would probably stay in the Observation Unit as well.
This does not affect the results, because the outpatients do
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not change the demand for the Observation Unit unpre-
dictably.

3.4.2 Results and Discussion

The Observation Unit was capable of reducing the hold-
ing patients time by 31% (see Table 2). This significantly
reduced the backlog between the IU and ED. As a result,
the triage-to-bed time was reduced by about 4%, whereas
the diversion hours slightly decreased by 1%. We ob-
served a decrease in U utilization of about 2%, because
of the removed observation patients. We found that Sce-
nario III.1 significantly improved the holding patients
time. Thus, we will use this scenario in the comparative
study later.

3.5 Buffer Concept IV: Combination of Holding
Area and ED-Discharge Lounge

This buffer concept combines the Holding Area and ED-
Discharge Lounge. Patients should leave the ER after the
doctors have decided where these patients should go; i.e.,
whether they should be released, transferred, or admitted.
In this concept, all these patients enter the buffer visual-
ized in Figure 6.

! Ambulance patients

+ Ambulance diversion Patients discharge,

! ' | Hospital j
i Patients |
! Emergency HA admission Inpatient i
Department + > Unit Hp
' (ED) DL (V)
" Walk-in patients VPatients release to home
Vpatients release to nursing homes
VLWBS patients Vpatients transfer to other hospitals

Figure 6: Scheme of Buffer Concept IV in the patient
flow

3.5.1 Setup

In this study we examine how the two patient groups —
namely the holding patients — share the same buffer re-
sources. These include bed and personnel.

3.5.2 Results and Discussion

The IU utilization was fixed for all scenarios (see Table
2). We noted a significantly higher buffer concept utiliza-
tion (34%-43%) than for the concepts I and II. This com-
bination concept reduced the diversion hours by about
18% to 24%. The triage-to-bed time decreased by about
12%-22%. As expected the holding patients time of Con-
cept IV was a mean of the respective values of Concepts I
and II. Because of the strong improvement in diversion
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hours and triage-to-bed time, Scenarios IV.2 and IV.3
were also selected for the comparative study.

3.6  Buffer Concept V: Combination of Holding
Area, ED-Discharge Lounge, and Observation
Unit

This combination of Concepts I, II and III represents the
idea to implement all possible buffers which release pres-
sure from the ED simultaneously (see Figure 7).

 Ambulance patients
'+ Ambulance diversion

; Observation admission
1U Patients discharge

'} l [oagial { OU patients discharge 3
1 $ .
! Emergency HA + !
Department DL + l
) (ED) ou Inpatient |||
v. Ig Unitau) ||~
' Walk-in patients ’,’ VRelease home patients
! Patients v Nursing home patients
YLWBS patients admission ¥ Transfer patients

Figure 7: Scheme of Buffer Concept V in the patient flow

With regard to patient throughput this patient buffer
concept combines three buffers, i.e., the Holding Area,
ED-Discharge Lounge and the Observation Unit, that
makes the entire process more complex. In practice, this
reflects delays in decision-making and processing times
which are not reflected in our simulation.

3.6.1 Setup

Scenario V.1 is the only scenario to be tested, since the
observation patients need 24-hour attention. Concerning
resources, this study combines the previous studies which
continuously deploy two nurses, one physician assistant
and one technician.

3.6.2 Results and Discussion

The results showed a 22% improvement in triage-to-bed
time (see Table 2). The diversion hours were strongly re-
duced by 24%. The buffer concept utilization was signifi-
cantly high at about 44%. Similar to Study IlI, the /U uti-
lization was slightly reduced by 2%. The buffer time was
longer than that of studies I and II, but significantly short-
er than study III. This buffer time denoted many patients
who stay in the buffer zone for less than an hour and a
few patients who stay for up to 24h. The results of this
combination study clearly supported it being used in the
in comparative study.
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4 COMPARATIVE STUDY OF THE BUFFER
CONCEPTS

This chapter examines on the most promising scenarios,
which we selected out of studies I to V. We compare the
seven scenarios by the three following variables:

e Holding patient time [h/month]

e  Triage-to-bed time [min]

e Diversion time [h/month]
4.1  Analysis of Holding Patient Time
Here, we compare the scenarios by using the variable
‘holding patients time’ where small values are best. In
Figure 8, you can see a significant decrease in holding pa-
tients time compared to the benchmark (dash dotted line).
The ED-Discharge Lounge performed worse than the
benchmark, because its improved organization is not re-
flected in the variable ‘holding patients time’. The in-
creased performance would be reflected in a variable ‘ER
patients waiting time after disposition’. We do not use
this more general variable, which forces us to take this in-
to account when evaluating the scenarios including the
ED-Discharge Lounge. However, the data point for Sce-
nario V.1 is missing since the model did not provide it for
Holding Area scenarios with 24-hour opening times. If we
tried to place this data point, we could have certainly lo-
cated it between Scenario IV.3 and III.1, which would
implicate an improvement of 11.7% - 31.1%.

[h/month] T - - -
600 | —4*— Holdingpatients tlmel-

500 _.Ei:._-_._-_._./’\_ ...... _/_.;. ________
400 ~
300 T~
200
100
0 T T
Bench- 1.2 1.3 1.2 1I1.1 v.2 v.3 V.1
mark .
Scenario

Figure 8: Buffer concept comparison through holding pa-
tients time

4.2 Analysis of Triage-to-Bed Time

The triage-to-bed time reflects the waiting time of walk-in
patients, which in seldom affects patient’s health ad-
versely but decrease the patients’ satisfaction signifi-
cantly. Furthermore, this triage-to-bed time is subjectively
perceived by the patient as a measure of hospital quality.
Thus, because hospitals have to compete for satisfied cus-
tomers, these times are important. The values are pre-
sented in Figure 9 with dash dotted lines for the bench-
mark. The Scenarios IV.2 and IV.3 perform second best
with time reductions of 15.1% and 17.5%, respectively.
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Only Scenario V.1 surpasses them by showing a 21.7%
faster triage-to-bed time.

—— Triage-to-bed blue
Triage-to-bed yellow
—&— Triage-to-bed red

—&— Triage-to-bed green
Triage-to-bed orange

1.2 1111 2 v.3

Scenario

Figure 9: Buffer concept comparison through triage-to-
bed time by Emergency Severity Index (ESI) level. The
ESI prioritizes emergency medical patients from red
(highest), orange, yellow and green to blue (lowest).

4.3  Analysis of Diversion Time

The diversion time, during which the hospitals ED is so
overcrowded that the ambulance is sent away, may be un-
derstood as the most important variable for EDs, due to its
impact on emergency medical care. Scenarios 1.2, 1.3 and
I1.2 reduce the diversion time by about 12.6%, 14.1%, and
8.9%, respectively (see Figure 10). The Buffer Concepts 1
and II affect the diversion time through the same mecha-
nism by reducing the blocked ER bed hours and thereby
make the ER more efficient. Concept IV shows reductions
of 20.3% for Scenario IV.2 and interestingly only 18.3%
for Scenario 1V.3. Even though the Observation Unit
alone minimally decreases the diversion time by 0.8%, to-
gether as a symbiosis with the ED-Discharge Lounge and
the Holding Area, it significantly reduces the diversion
time by 5%.

5o /month] [—+— Diversiontimg_

40

30

20

10

0
Bench- 1.2 13 2 HLl Iv2 V3 Vi
mark

Scenario
Figure 10: Buffer comparison through diversion time

44  Limitations

Similar to any simulation study, there are multiple factors
which could compromise our findings. But to test buffer
concepts without harming people, simulation is the only
method which can be applied. In order to reduce the risk
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of error, we carefully gathered the model input data as
well as the information for the model building itself. We
benefited from the average characteristics of our partner
hospital, which improves the general applicability of our
findings.

5 CONCLUSION AND FUTURE WORK

Testing five buffer concepts in the simulated system, we
found that each of them improved the ED-IU system as a
whole. The combination buffer concepts IV (Holding
Area and ED-Discharge Lounge) as well as V (Holding
Area, ED-Discharge Lounge and Observation Unit) were
clearly superior to the pure buffer concepts I (Holding
Area), II (ED-Discharge Lounge), and III (Observation
Unit) for a typical ED. Which buffer to implement, is a
decision to be made carefully, since the patient profile and
the hospital’s surroundings play an important role in se-
lecting the best buffer for each particular case.
Overcrowded EDs with few holding patients should
consider an ED-Discharge Lounge (Concept II). Some
EDs have to treat a considerably high number of severely
ill patients. These hospitals should consider implementing
a Holding Area buffer (Concept I). Because of a high
number of ED patients who are admitted to an inpatient
ward, the flow to the IU has a stronger effect on the sys-
tem than the discharge and the observational patients.
Outpatient surgery patients take up a significant por-
tion of the work load for some specialized hospitals. In
such ED-IU systems, a single Observation Unit could be
the best solution. However, these hospitals should also
consider the combination Concept V or maybe a combina-

tion of Observation Unit with either Holding Area or ED-
Discharge Lounge.

For most EDs, a combination buffer concept is ap-
propriate (Concept IV and V). Implementing Concept V
makes sense if there is a significant amount of observa-
tion patients and/or the billing of inpatient and observa-
tion patients varies. Running a Buffer Concept V con-
sumes considerably more resources than a Concept IV.
This is mainly due to the 24-hour staffing and its addi-
tional administration costs.

Our characterization of buffers in the ED-IU system
should be supported by further studies. This could be
done though simulations or case studies. If the suggested
buffer concepts are frequently utilized in practice, our re-
sults could be proved and further supported by real his-
torical data. This would provide EDs with more reliable
information when managers think about implementing a
buffer.
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A APPENDIX
Table 2: Detailed results of all parameter studies
Buffer Holdin.g patients Triag.e-to-bed Diversion time ~ DUlr IU  Buffer Simu-
Buifer Scenario opening time time c.o.nce].)t utilization time lation
concept hours [h/ Improve- [min] Improve- [h/ Improve- utilization (%] [min] runs
month] ment [%] ment [%] month] ment [%] [%]
Benchmark - 509 0.0 15.8 0.0 56.4 0.0 0.0 87.0 - 5000
I 1 Spm-lam 482 -5.3 15.0 -4.9 53.8 -4.7 26.7 86.7 43.9 5000
2 2pm-3am 407 -20.1 14.6 -7.9 49.3 -12.6 23.6 86.5 40.1 5000
3 Ipm-5am 325 -36.2 144 -8.9 48.5 -14.1 21.6 86.5 39.2 5000
4 24h - - 142 -10.0 48.7 -13.6 16.8 86.3 34.0 5000
I 1 12pm-9pm 521 2.4 14.9 -5.6 52.8 -6.3 21.9 87.1 45.5 5000
2 10am-3am 533 4.6 14.4 -9.0 51.4 -8.9 20.2 87.2 454 5000
3 24h 539 5.9 13.7  -13.4 48.7 -13.6 17.8 87.2 45.5 5000
11 1 24h 351 -31.1 152 -3.7 56.0 -0.8 14.1 85.3 0.9 5000
v 1 Ipm-lam 599 17.8 139  -12.1 46.2 -18.1 42.6 86.7 41.6 5000
2 12pm-3am 473 -7.2 13.4 -15.1 45.0 -20.3 41.6 86.6 42.5 5000
3 10am-4am 450 -11.7 13.0 -17.5 46.0 -18.3 39.1 86.5 41.8 5000
4 24h - - 12.4 -21.5 43.0 -23.7 33.8 86.5 41.2 5000
\4 1 24h - - 124  -21.7 42.8 -24.1 43.9 84.9 60.3 5000
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