Simulating the Impact of an Increase in Patient Volume on a
Government Emergency Department in Malaysia
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Abstract., This peper expiores potenual of computer stmulavon made] e assess the effect of pavent
mcrease W emergency d ne rformaence and the patent low. A simuiation mode!l of emergency
department 15 develop

event simulanon and syvererm dyvnamics modehng approach w
capture the behavior of an |'1lu_mud wstem. Se\-eral ceenarios are conducted 1o help management determine

the required resources due (0 raulcn: wvolume e case that will not breach the navonal wrget time fioy patient
10 be attended 10 i emergency department. R esz.e!z" seenarios show that o 7 o anerease of patients
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1. Introduction

The 1mpact of pauent volume increase 10 emergency department (ED) performance 15 a global problem

c
encountered by most hosphial located i mnicjvr cives [T Normally. the main performance indicator of ED s

le}

pavents’ waiting umes. Increased number of patienis usually increases walting ume by decrcasing th
resource capacity level which may lead 10 ED congestion. Toe deal wath this problem, hospitals (v varrous
wavs (2] Some ways worked while some falied. As healthcare eovironment is hinhl\' intolerant o {ailure

- decisions prior o

ED management requires a tool that can help thom foresee the conscqv-*nc
implementation. In the case study ED of a peneral bospial in the no art of ninsumr Malaysia. the
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Svstem dvnamies (SDY on the other hand. reguires less data than DES, as concern is put on aggregate

values to represent the higher level of o systern. With s focus on feedback and nonlmear relationship, SD is
wdeal to comprehend dvnamic complexny (6],
per presenis a hybrid simulation model of an ED based on the integraton between DES and SD.

Integration berween both approaches will comprehend the dewtled and dyvnami

H1s pa
compicxity of a health care

ol
svstem (A With this model. the effects on ED operations due o the inereased patient ~olume are evaluate

del
through several scenarios, 1 i3 imporiant to understand whether an inerease i patient vwoiume s

performance in providing effective and timely medieal ¢

2. Material and Method

2.1, System Model Description

The case study ED s a non-rermimaunyg svstem, which 1s open 24 hours a dav seming w carchment area

m" approximazely 0.7 nullion inhabiants are classifted using a three-o

are given to patents with semi-or

ellow and Red medical tnage cards iMTC
155

3
w :;l" NMTOC Green is assigned o non-eriireal panents. Due o demographical chan

has ncreased. This siruatio

fermand for emergency depariment

on of & new target tme for patent w0 be attended 10 n ED by the Mir

introdu
2009 (Table 11 The new arget time
There ave partally

more pressure on ED staff as it must be acmcv:d w.zhm
resources i the ED, which serve 2li pantents at ceriam point

additional resources

nts o BID and bt also act

the process. For instance, medical gssistants not only provide services
as crews of ambulance scovice

Table b MO s New Targer Tome

Time to be attended to
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W modelea

[N

<13 has been develeped using Any [ g;ic simulatn

ss flow z patient may experience in ED. We used patient arrval data for

ich inclu : wicii patients and 2 mean of 208 pavents per day, After the

nercase of 7he patient volume

Pacenarios were tosted by varving the number of resources 10 the case study ED

2.3. Model Qutline

The suounary of £ model 1s shown in Fre ) The model sturts with

ko patient wriva

cither wulk-1ns or by ambulance stop at the registrazion counier for regisiration. At the same ume there will

cal assistant mrmging the patients. After triage, patents bave to follow ditferent path according o
the riage rones However. eritical patients will be sent directly w the Red Zone and registranoen is performed

natients can

After reeoiving reatment, patients will be dischary

sed (o go home or seatto wards for further treatment.
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The SD model consists of aperationg and other

ums such as ambuiance. wards, 1;‘th and }\um...a esource. For cach

s 5
ioops diagram that acts as the dvnamic hypothests dr computer model construction. {auszl
i wnstrating the cause and =fTect rele

e capable of capturing th
5

¢
shows 2 diagr“ that depicts the dynamic hypothesis fur wards sectur at the case

hclwc:n vanables. Fj
study ED.

Woardd Frsaon

dssHen ncreascs the

wpotheses for ward sector 1n
::r.d tisuf; inu“‘w >3 the ¢ {BORY. Here, admissions can cither

Ld

~The number of patients i wards deereases as the numbe

2.4. Data Collection
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triage times were not avatlable and therefore manual data gathering was conducted. Interviews with the staffy
were also carried out to fully understand ED processes and identify the critical aspects in the ED that are
needed 1o be included in our mode!

Arcna Input Analyzer wus used to fit the appropriate distnbution to the actual and empirical data
obtained. Inter-arrival time and time spent at the registration counter follow a Weibull distribution [7]. Delay
ume for doctor-patient contact and lah results are independently and identically distributed as a Toangular
distribution [8].

2.5. Mlodel Verification and Validation

The ED model 15 a representation of a non-ierminating system. Thus, only single replication is necded
with a period that is long cnough to obtain a steady state and observations to compute confidence
atenvals [9. In this rescarch, warm up period is identified approximately as onc and a half dav or at ¢ = 2164
by inspection from graph (Fig. 3). The model was run for 10080 minuies (one weck), with the first 2160

minutes of the data eliminated.
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Fig. 3 The stabihzation of the statistics of interes

g

correct acuvities and flows in the department. In addition, the model was run and compared to ensure that the

The model Jogic was shown and checked by the head of the ED 1o venty that the model represents

gencrated results from the model matched the empirical data coll d from the ED. We focused on
performance indicators that were obtaned by Green tnz gx: d and Ye\mw tringed patients in the model; these
were waiting times and length of stay (LOS). The 110 do so s because the two groups are claimed ta be

gr;a;lj affected when a sudden increase In demand strike the ED.

3. Result and Conclusion

For experimentations, patient volume is increased by 7%. Scenario A is tested by maimtaining the curren:
resources while Scenario B o Scenano D with varving staffing numbers and treatment beds. All results are
shown in Table 2. The scenarios were chosen based on management recommendations and considering the
high utilization raie obtaincd by medical assistants in the base case model. We notice that with the increased
patient volume, number of paticnts in the waiting arca increases considerably as does the waiting time. In
addinon, we observe that the capacity of medical assistant is vital in ED operations. We alse observe that
adding bad capacity is necessary when mcereasing the medical assistant capacity, In contrast, adding nurse
capacity seems not important for the B Given that patient volume increase, the best scenario that yvields an
acceptable paticnts’ waiting time and length of stay 18 Scenario B Increasing the medical assisiant capacity
Tom an average of 14 10 15 and increasing the number of beds from 16 w0 18 will meet the reguirements of
of

ha’ldf\ﬂ” the increased patient volume without breaching the target time and mainaiming the lower 1z
staff unlization, In addition. the SD model shows that patients” length of stav 15 also influenced by labs um-
around time. bed occupancy rates in wards and ward admission rate. Therefore i future. the ED
mzragement should alsa forus on inter-departmental refationships while evaluating ED periormance.
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Table 2: Resuls

: | Rase Case Scenario A Scenario B Scenarin € | Scenario D
| Criti":il e !
Medical assisiant 14 14 is 14 15
Nurse 1 14 14 P13 15
HBed 16 16 18 P8 16
Time tmoure)
LOS (Green) <10 a0 70 83
LOS (Yeliow: 1446 192 193 191
Wait ume (Cireen) 17 [ 27 40
Wait me (Y eliow) 1 1Bl 12 13
i
FERS 9533 ‘ 8214
Green A8 K} QG 63 4942
Yeliow
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