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ergency Department

The ED serves as the hospital's “gate keeper® and is
the most difficult department to manage.

The ED has to handle efficiently and effectively a
random arrival stream of patients.

The ED has to be highly versatile and flexible.

The ED is required to have the ability to react quickly
to fast unfolding events.

ergency Department

There are 2.5 million patient visits each year at the 25
EDs in lIsrael. This translates to about 270 patient
visits on average per day.

On average there 30 - 40 beds in these EDs.

Based on these number, there are around 7 - 8 patient
turnarounds a day, this translates to an average length
of stay of 3 - 3.5 hours.

In reality there are 4 - 6 times more patient arrivals
during pick hours (between 11 — 13 and 19 — 22)
compared to other hours of the day.

Healthcare and ED Systems

Hospital management is reluctant to accept change,
particularly if it comes from a 'black-box' type of tool.

Management often does not realize the benefits of
using simulation-based analysis tools.

Management is well aware of the time and cost that
have to be invested in building detailed simulation
models.

Management believes that spending money on
operational issues only diverts funds from patient care.

Lack of experts with experience in modeling large,
complex systems.
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The Field Study ses and Patient Types

« Teams of supervised students equipped with
standardized code lists of the different process
elements conducted time and motion studies in the
selected hospitals.

« Through observations, gathered data and interviews,
19 individual process charts each representing a typical
patient types were identified.

. Hospital Patient Type
o Data was also gathered from each hospital's
information system. 1 Fast-Track, Internal, Surgical, Orthopedic
« Additional data was gathered trough interviews with the 2 Internal, Surgical, Orthopedic

hospital top management, ED chief physician and ED

3 Walk-In Internal, Walk-in Orthopedic, Walk-
head nurse.

In Surgical, Internal, Trauma

4 Internal Acute, Internal/Surgical Minor,
Orthopedic

5 Fast-Track, Internal, Surgical, Orthopedic

proportion of patients o1 process requires bed oz

Process Chart — i

Tomaping Physician

Resource Resource 3 | Resource 2 iResource 1 Tanding

patient& famil

bloodwaork.

30% 70%

every 15 vlowup
minutes 3
S

awsiting for 52
transit 4

instructions
before discharge

discharge /
Boapitalization |
56

ostimated max time PN docision point for alternative processes Av

probability of events 1 0% reference point mHHHu
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g the Patient Processes

« Full enumeration and ranking was used to determine
the best way to divide the processes into:

Two clusters Three clusters Four clusters

e Processes Into Two Groups

« The first group included all the internal patient types
from all 5 hospitals: 1int, 1FT, 2Int, 3int, 3W_Int,
4int_S, 4Int_A 5Int, 5FT.

« The best combined average similarity value for two
clusters (0.579, 0.571) was 0.575.

g the Patient Processes

e Full enumeration and ranking was used to determine
the best way to divide the processes into:

Two clusters Three clusters Four clusters

Processes Into Three Groups

The best combined average similarity value for three
clusters was 0.638.

The chosen clustering option was ranked as number 17
with a combined average similarity value of (0.656,
0.746, 0.544) 0.623.
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ance of Simulation in Healthcare

General, and flexible

include default values for most of the system
parameters.

Simple to use
Include a decision support system

recision of the Time Elements

e Since a time study is basically a statistical sampling
process, it is important to estimate the precision of the
gathered data.

Lip, O Average Duration and Standard Deviation over all observed
P> elements i for patient type p at all the hospitals

m, The number of times element / was observed for each patient
type p
%ﬁ The maximum number of times patient type p goes through an

element that is only performed once during the ED process

Precision as a proportion of the gathered element

d, = P S

v »\«‘mm«w.bi

recision of the Time Elements

The contribution of element j to the total process

time of patient type p 3,

The relative weight of element j for patient type p Wy, = Nm l%
Vi

The relative precision of element / ‘ du= NA\%M

The relative precision for patient type p dp=dp W,

Over 20,000 process elements were observed
and recorded.

Precision of the Different Time Elements

Element ; .
Precision Patient Types
Fast-Track | Trauma | Orthopedic | Surgical | internal | Element
Vital Signs
13.1% 16.0% 11.3% E.C.G. Check
15.6% 10.8% 11.1% 12.6% Treatment Nurse
50.1% 19.7% 43.0% 47.5% | 10.1% | Follow-up Nurse
11.9% 43.2% | 25.2% | 201% | 30.7% | 16.5% Wwwnmw%%u Prior to
10.2% First Examination
Second or Third
30.2% 11.8% 11.4% Examination
- 32.9% 26.0% 27.8% Folow-Up Physician
Hospitalization
L7 L7 0, L 0,
15.0% 32.9% 18.3% 13.0% | 11.0% IDischarge
Handling Patient and
L
18.4% 15.9% Family
48.9% | 21.2% | 15.4% | 12.8% | 11.3% | Treatment Physician
Patient Precision 4.,
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the Patient Arrival Process

The patient arrival process is similar for all the hospitals
surveyed therefore it was decided to combine the
gathered data from all hospitals

The square-root of the number of patients of type p who arrive
Mpirdw = at the ED of hospital / at hour h on day d in week w

A The average square-root estimator of the number of patients
Hopi of type p arriving at hospital / per hour

w . H - Number of data weeks received from the hospitals' information
’ systems and number of hospitals

A

F, - The patient arrival factor

Y _ The estimated adjusted arrival data values of patients of
pikdw ~ tyne p who arrive at hospital i at hour h on day d in week w

bE& - The number of patients of type p who arrive during hour h on day d

w7 24
w=ld=1h=1

.
@nlilwbm\m

R HW .
Hpna = 2 2 Apipe
jel w=l

~
A

Bpina = fpna - Fpi
P P

the Patient Arrival Process

i = 53 8 17724

Ad s
A pingw = :Nx.is\ﬁ}

\mé

— NEE ~ 2?@?&5 o.@v

The number of patients of type p who arriveat g g = AHN v
hospital / at hour h on day d 7

pihd

the Patient Arrival Process

In the case a new hospital whishes to use the
simulation tool all that is needed are the ", values
obtained from the hospital's computerized
information systems.

The rest of the process, which includes calculating
the formulas, is performed automatically by the
simulation tool.

Patient Type It is clear from these
Orthopedic | Surgical | Internal | Hospital | factors that hospital
1.187 1203 | 1.180 1 1 is larger than the

0.840 1,038 | 0.958 2 other two hospitals
0.974 0.669 | 0.862 4

Validating The Model

Internal Patients |
on Monday

Internal Patients
on Saturday
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al Process to the Imaging Center

« In these cases two different patient types are sent to
the imaging center for service:

- patients who come from the ED
- patients who come from all other hospital wards

¢« These two streams interact and interfere with each
other and compete for the same resources

¢ In these case it is imperative to estimate the hospital
patient arrival process.

maging Center Arrival Process

» The gathered data reveals that the number of hospital
patients arriving at the imagining center differs from
hour to hour and from day to day and from month to

month

o Statistical tests reveal that the square-root of the
hospital patients' arrival process can be described by
a normal distribution.

Imaging Center Arrival Process

A linear regression model was used to estimate the
stream of hospital patients. In order to maintain the
model's linearity, four separate regression sub-models
were developed.

A sub-model to estimate the arrivals between 6 AM and 12
midnight on weekdays.

A sub-model to estimate the arrivals between 6 AM and 12
midnight on weekends.

A sub-model to estimate the arrivals between 12 midnight and
6 AM on weekdays and weekends.

A sub-model to estimate the arrivals between 12 noon and 5
PM in the cases the central imaging center only operates part
of the day.

maging Center Arrival Process

- The square-root of the average number of patients arriving to
the imaging center

«o; - The hospital effect
B - The hour effect
¥Ya - The day effect

O, - The month effect,

Ditam = A+ + Py +Ya +On +E

The number of hospital patients of type p who e _ A 2 v
arrive at imagining center of hospital j at hour h indm = \P inm
on day d and on month m
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the Staff’'s Walking Time

Nﬁ mc - Physician's mean walking time when treating patient type p (sec)
mp mz - Nurse's mean walking time when treating patient type p (sec)

W, L - Width, Length of the space in which the medical staff operates (cm)

S

Walking distance from the area's centroid to the ED counter (cm)

S

Walking distance from the area's centroid to the nurse's station (cm)

N - Number of patient beds in the ED room

Walking distance from the area's centroid to the procedure room (cm)

Walking distance from the area's centroid to the medicine cabinet (cm

)

g the Staff’s Walking Time

Physician's Walking Model

T =[-46137127+0.5004 1 +0.12628 d, +0.13354 d, + 0.0004(d, —703.5)- (W ~5965)
+0.00034(d, ~20438129- (W -5965)+ 0115/ v

Nurse’s Walking Model

T =[-769581994+6.61123- W +5.1936-d, +1.50267-d, +
0.02921-(d,,, —499.44444)- (W - 806.66667)+0.00875-(d,,, — 1 176.66667)- (W —806.66667)

ZAO,_%N vsz /W]

llidating The Model

The fit of the above models as indicated by R? is 0.737
for the physician's walking model and 0.675 for the
nurse's walking models.

« The variance analysis shows the both models and all
their parameters are significant.

o The residual analyses of the physicians' and nurses'
estimation walking models reveal that in both cases
residuals are normally distributed with a mean of 0.

« The models have been used in a setting different from
the ones that were used in the initial development.

lidating The Model

The single factor ANOVA in both cases reveals that the
null hypothesis, (there is no statistical difference
between the model and observation results) can not be
rejected.

« P-value for the physicians’ model was 0.28

s P-value for the nurses’ model was 0.74
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internal Patients
During a Weekday in
the ED of Hospital 1

0. P - .\ﬂﬂCaO F

Model Validation

et Internal & FT - Week

wma—— internal & FT Weekday - Database
-~ L-ower Bound
-~ — — Upper Bound

—— O p! Acute & g
——— — Lower Bound
11111 Upper Bound

Orthopedic Patients
During a Weekend day
in the ED of Hospital 3

Model Validation

- [nternal & Acute - Weekday
—g— Internal & Acute Weekday - Database
||||| Lower Bound

Upper Bound

internal Patients During a Weekday in the ED of Hospital 4

Model Validation

Surgical Patients
During a Weekday in
the ED of Hospital 6

- — -~ Upper Bound

g Surgical - Weekday
—a—Surgical Weekday - Database 7
xxxxx Lower Bound
-~~~ Upper Bound

Internal Patients During
a Weekend day in the
ED of Hospital 6

Conclusions

If we use the statement

“The sudggested unified generic process can be
used to model any arbitrary ED"

as a scientific hypothesis and try to find a system for
which the statement is not true, each failure increases
our confidence in the model.

So far we have failed to reject the statement eight
times
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1. Run the simulation in its initial state.

2. Choose the bottleneck resource by using the highest
delay factor.

3. Run rescd-opt for the chosen resource.

4. run the simulation using the solution obtained from
rescd-opt and calculate all the new delay factors.

5. If improvement is detected then continue to the 2"
stage. Otherwise, choose the resource with the next
highest delay factor that was not addressed in the
previous step and reschedule it (3 stage).

WSSA-1

ng The Bottleneck by Ar

physicians)

resource that impedes the patient flow

accumulates the most waiting time

he Delay Factor

Notation:
Process-1,...,p,....P

Hour of the day —1,...,i,...../

Resource type —1,...,7,...,R

Wi — Average waiting time for process p at time /

Ngi — Average number of patients waiting for process p at time /
Si — Number of resource unit of type r available at time /

N T:EcaommEmnu&ai&agsmocas
# 7 10-Otherwise

Ar — The patient delay factor for resource type rat time /

SWN,Z, .

o' e 1
Y o r 2144 ri

WSSA-

1

d-Opt Model Notation

Notation:

1 — Minimal time block (a resource shift comprises one or more consecutive time blocks)
H — Upper limit on the amount of available resource hours

Aj— The number of resource units staffed at time /

A~ Average number of available resource units per time unit

R; - The number of required resource units at time j

R - Average number of required resource units per time unit

T:mB«oEowngm»mﬁ:un=wm=5m23o;a=€2xmm;32.
B =10- Otherwise

x; — Number of resource units that started their shift at time /

o Although the different patient types have different
clinical pathways these paths are not mutual exclusive
as they share some of the ED resources (labs, imaging
center, logistic personal, some of the nurses and

e To improve patient flow in the ED it is necessary to
identify first which of the resources is the bottleneck

« The bottleneck resource is the one that on average
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-1 Results — continue

Conclusions

Rescheduling the work shifts of the different ED staff members
leads to considerable reductions in the patients’ Length of Stay.

» Reducing the gap between the required number of ED staff
members and the staff availability leads to a reduction in the
maximum staff's workload.

« According to the literature reducing the staffs workload may
potentially reduce human errors and improve the quality of service
patients experience in the ED.

e WSSA-1 achieved an average reduction of 7% to 17% reduction
in the combined average patient LOS (20% to 45% in waiting
time).

e For all 15 resources addressed by WSSA-1 the number of hours
workload exceeds 70% became lower or remained as is.

Rough Cut Capacity Planning

(On Going Work)
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