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SIMULATION MODEL FOR EVALUATING
INTENSIVE CARE UNIT CAPACITY

This paper employed the simulation model using Arena Simulation Software to evaluate the
current ICU capacity condition by considering the principle of priority as applicable policy in a
hospital in Indonesia to confirm the validity of the simulation model using 12 months period of
actual operational data collected from an ICU department with 6 ICU beds in service. The proposed
capacity evaluation model through simulation is expected to help identify and evaluate capacity
alternatives in ICU. The result suggests that the proposed simulation model can be applied to eva-
luate ICU capacity since it can be used to identify and evaluate alternatives related to capacity
expansion and can be performed in ICU with preference of average bed utilization rate.
Keywords: simulation model; intensive care unit; hospital management.

Tpima l:inaﬂr Capacsari, Mypcyin Xacan Bacpi
IMITAIIIMHA MOJEJIb JJI OLIIHIOBAHHSA
MICTKOCTI ITAJIAT IHTEHCUBHOI TEPATIIL

Y cmammi npooemoncmposano euxopucmannsn imimauiinoi modeai cepedosuwa "Arena
Simulation" daa ouinroéanns cmawny Micmkocmi naiamu iHMeHCUGHOT mepanii 3 6paxyéaHHAM
npuHuuny npiopumemnocmi, wo 3acmocogyemocs 6 aixapusax Inoomnesii. /s modearoeanns ma
nooavozo anaizy euxopucmano oaui 3a 12 micauyie das nasamu inmencuernoi mepanii 3 6 mic-
usamu 6 obcayzoeyeanni. 3anpononosana imimauiina modeav Moxyce Gymu KOpucHor y euoopi
aibmepHamue MicmKocmi, a maKox3c nPOACHUMU, CKiAbKU Micub iHMeHCcueHoi mepanii peaibHo
HeoOXIOHI AiKapHi Ha NOCMITIHITL 0CHOB Ma HACKIAbKU eKOHOMIMHO 00TPYHIMOGAHUM € PO3ULUPEH~
Hs1 0aHOT naiamu 6 3a4e)cHOCmi 8i0 NOKA3HUKa it cepeOHboi 3a8anmaxcenocmi.

Karouosi caosa: imimayiiina modens; nasama iHmeHcueHoi mepanii; AIKaAPHAHUL MEHEONCMEHM.
Puc. 2. Taba. 5. Jlim. 22.

Tpuma Tnnanr Capacaru, Mypcyun Xacan Bacpu
NMUNTAIIMOHHAA MOJEJIb J1JIS1 OIEHKU BMECTUMOCTHU

MAJIAT UTHTEHCUBHOMH TEPAITUU

B cmamve npodemoncmpupoeano ucnoavsoéanue umumauuonnoi modeau cpedol "Arena
Simulation" das ouenku cocmosHus 6MeCmMUMOCMU NAAAMbl UHMEHCUGHOU mepanuu ¢ y4émom
HPUHUUNG RPUOPUMEMHOCHIU, NPUMEHsIeMO020 8 OoavHuuax Hnoonesuu. /lisa modeauposanus u
daavHeliue20 aHaau3a UCNo1b306anbl dantvle 3a 12 mecaues 043 naiamol UHMEHCUGHOT mepa-
nuu ¢ 6 mecmamu 8 oocayncusanuu. Ilpedroxncennas umumanuonnas mooeib Moycem nomMo4s 6
6bl00pe AAbMEPHAMUE 6MECMUMOCHU U 6bICHUMb, CKOAbKO MeCHm UHMEeHCUGHOU mepanuu
peaivio Heobxodumot 60.16HUUE HA NOCHOSIHHOU OCHOBE U HACKOALKO IKOHOMUYECKU 000CHOBAH-
HbIM 56451€MCs1 pacuupenue 0aHHol na1amot 8 3a8UCUMOCINU Om NoKasamens eé cpeoneli 3azpy-
JHceHHocmu.

Karouesovte caosa: umumayuonHas modenv, nNaiama UHMEHCUGHOU mepanuu,; O0NbHUUHbBLI
MeHeducmeHm.

Introduction. Hospital management often does miscalculations and wrong eva-
luation while determining the facility capacity needed in a system by looking at how
many patients did not receive the maximum service due to ICU space constraints and
its bed availability. This situation needs to be improved to provide accurate numbers
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of facilities needed at a hospital especially when it comes to ICU. ICU better calcu-
lations especially in terms of expansion planning and investments calculation, would
ultimately lead to cost saving for a hospital.

Literature review. Research on hospitals capacity is one of the most important
and main issues in healthcare services management, especially the problems of plan-
ning and evaluation of the existing capacity condition which predetermine the ser-
vice level provided by the hospital and also costs and benefits that affect hospital
financially. Determining the size of facilities can be calculated by the number of bed
occupancy with the aim of achieving high level of utility and high return on invest-
ment. One of key principles in economics state that demand is equal to supply in a
perfectly competitive market. Although demand and supply of health services do not
follow a perfectly competitive market, some aspects of supply and demand rules still
apply here. Demand for health services can be calculated based on bed occupancy
(Murti, 2010).

"Good health is an important development outcome in its own right. Illness
brings suffering, and healthier lives are likely to be longer and more fulfilling. These
facts alone provide a rationale for development work that improves people’s health.
Yet improved health also brings broader benefits, including enhanced economic
development" (DSEAD, 2010). Therefore, in this research, analysis will be conduct-
ed to study the evaluation of current capacity condition to provide a solution for the
ICU to produce a viable implementation and also an improvement that will affect the
ICU decision-making activities.

This study is the development of the previous study conducted by Z. Zhu et al.
(2010) that found that discrete event simulation (DES) can be used accurately to cap-
ture variations in the system, and is flexible in simulating various what-if scenarios for
estimating ICU bed capacity. Some adjustments are applied in order to adapt to the
policies and conditions of hospitals in Indonesia.

Hospitals in Indonesia are classified into three types, these are type A (tertiary),
type B (secondary) and type C (primary). There are some differences in every service
provided by ICU basing on a type of a hospital in the aspect of workforce, facilities
and infrastructure, equipment and services capabilities. Even though there are some
differences in every service provided by ICU based on hospital type, ICU has 10 simi-
lar characteristics in their service system, and also certain medical ethics as controlled
by the Indonesian Ministry of Health, the right indication factor, multidisciplinary
collaboration in complex medical problems, patient’s healthcare needs, role in coor-
dination and integration of teamwork, the principle of priority, integrated quality
improvement management system, professional partnerships, effectiveness, safety
and economics factors as well as continuity of service (KMKRI, 2010).

The principle of priority is characteristic of I[CU and will be our major consider-
ation in building a simulation model in this study. Limited infrastructure of ICU push
hospital management to have mechanisms to settle an enter priority of patients if the
need or demand for ICU services is higher than the volume of services that can be
provided. Under normal conditions, the ICU uses open booking and "first come first
served" basis in their services but because of the limited number of ICU beds, the
principle of priority can be applied whenever needed. The head of ICU is the one
responsible for the suitability indication of patient care in ICU when the need for
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ICU admission exceeds the available quantity of beds. The head of ICU then has to
determine, which patients will be treated in ICU basing his/her decision on a
patient’s medical condition.

Problem statement and research objective. This study aims to evaluate the exist-
ing capacity of ICU and provide the evaluation result to be considered by hospital
management as a decision maker so that it can contribute to effective and efficient
investment into capacity expansion that will affect their performance using the simu-
lation software to visualize the problem.

Research method. ICU provides advanced monitoring services and intensive
therapy. Under the principle of priority, if ICU is full, patients who require intensive
therapy with higher priority took precedence over any other. The appraisal of disease
severity and prognosis should be used to determine the priority entry to ICU. The pri-
ority itself can be divided into 3 types: Priority 1 (the highest level), Priority 2 (medi-
um level) and Priority 3 (the lowest level). For example, ICU can "swap" patient of
Priority 3 with patient of Priority 2 or 1. In other words, lower priority can be swapped
by higher priority.

For the simulation model, this study will analyze the flow process in ICU. As
seen in Figure 1, there are 3 sources of inflow that consist of emergency installation,
surgery installation and inpatient care unit that can be classified into 5 different med-
ical functional unit (surgery, midwifery, disease in, neurology and childcare). Since
the priority principle is considering the level of intensive therapy requirement, the
inflow of this simulation model will be using the 12-months period of medical func-
tional unit (MFU) actual inflow data. After a patient comes to ICU, there cannot be
delay or waiting, since even a slight delay may affect patient severely and lead to irre-
versible consequences (Zhu et al., 2010).

There are two options in ICU admission: the first one is that ICU accepts a
patient because there is capacity available, the second option is ICU transfer to
another hospital’s ICU if this ICU is full. There are 3 outflows available, ICU dis-
charge (for a patient who has already finished treatment), ICU "swap" (for a patient
with lower priority that have to be swapped because of an incoming patient with high-
er priority) and ICU transfer (for a patient that has to be transferred because ICU is
full and there is no patient with lower priority to swap with). With this simulation, we
will calculate the utilization rate so ICU can consider several options of scenarios to
be applied.

From the explanation above, it can conclude that ICU has unique model char-
acteristics of its flow chart which is visualized in Figure 1 and it will be the basis to
build our simulation model using Arena Simulation Software considering a variety of
procedures and variables needed.

Simulation. Simulation model does not always provide better or more trustwor-
thy results. To see if simulation is designed similar to the situation under study com-
parison is done between the results of manual calculations and also the simulation
results. Comparison is carried out using the existing data of the current system which
consists of 6 beds, and also implemented under the condition of a new strategy of
capacity using 7 beds and 8 beds. If the results match, then the simulation model
designed reflects the actual situation in ICU well enough.
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MFU of Surgical Priority 1 Bed 1 Priority 1
MFU of Midwifery 3 Bed 2 Priority 2
Bed 3 Priority 1 ICU Discharge
MFU of Disease In 4
1 2 Bed 4 Priority 2 ICU SWAP
Priority 3 —p | ‘
MFU of Child Bed 5
—> ‘ ‘
ICU Transfer
MFU of Neurology Bed 6 Priority 1

Figure 1. Overall ICU patients’ flow, authors’

Table 1 is the set of data used in simulation on the existing system and also in the
simulation of capacity strategy using 7 and 8 intensive care beds. This simulation is
run in 900 days and had a warm up period for a year in order to get same number of
patients treated by the hospital intensive care unit.

Table 1. Existing data simulation model, authors’

Patients group Demand Length
MFU of Surgical ERLA (1.72, 3) 1 (4 days), 2 (3 Days), 3 (3 Days)
MFU of Midwifery LOGN (7.03, 5.54) 1 (4 Days), 2 (3 Days), 3 (2 Days)
MFU of Disease In NORM (1.18, 324) 1 (4 Days), 2 (4 Days), 3 (3 Days)
MFU of Child ERLA (1.38, 2) 1 (4 Days), 2 (3 Days), 3 (2 Days)
MFU of Neurology ERLA (3.81, 2) 1 (4 Days), 2 (3 Days), 3 (2 Days)

From the calculation shown in Table 2, the average bed utilization calculation
from Arena Simulation is 71% with 5% difference under manual calculations.
Therefore, we can conclude that this model can be used to evaluate the hospital
intensive care unit capacity.

Table 2. Simulation results for the existing condition of ICU, %, authors’

Arena bed utilization Manual bed utilization .
Bed number . . Differences
calculation calculation

Bed 1 77 84 7

Bed 2 81 77 4

Bed 3 75 75 0

Bed 4 69 74 5

Bed 5 65 77 12

Bed 6 57 69 12
Average 71 76 5

Key results. The advantage of the designed simulation model is the visualization
of the existing process. We can see clearly the whole process in ICU as a complex sys-
tem with its characteristics. The simulation model is performed using several scenar-
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ios such as simulation of the existing condition using 6 beds, 7 beds, 8 beds, 9 beds
and also the scenario with 10% raising demand in several condition using 6 beds,
7 beds, 8 beds and 9 beds. This simulation is also using scenarios with 20% raising
demand in several condition using 6 beds, 7 beds, 8 beds and 9 beds. The results of
those scenarios of simulation are summarized in Tables 3—5 and the comparison
chart in Figure 2.

Table 3. Bed utilization result comparison between scenarios
of bed number under existing condition, %, authors’

Bed number Manual calculation Arena simulation
of existing condition 6 beds 7 beds 8 beds 9 beds

Bed 1 84 77 78 78 77
Bed 2 77 81 78 78 76
Bed 3 75 75 74 72 71
Bed 4 74 69 69 70 68
Bed 5 77 65 66 64 61
Bed 6 69 57 58 56 55

54 54 52

39

Bed 9
Average

34

Table 4. Bed utilization result comparison between scenarios
of bed number and 10% higher demand, %, authors’

Bed number Arena simulation
6 beds 7 beds 8 beds 9 beds

Bed 1 79 77 77 75
Bed 2 78 78 75 76
Bed 3 78 75 75 74
Bed 4 72 72 71 68
Bed 5 70 69 69 68
Bed 6 64 63 64 64

61 61 61

55

Bed 9
Average

48

Table 5. Bed utilization result comparison between scenarios
of bed number and 20% higher demand, %, authors’

Bed number Arena simulation
6 beds 7 beds 8 beds 9 beds

Bed 1 81 82 81 81
Bed 2 79 79 79 80
Bed 3 82 82 81 80
Bed 4 78 79 77 78
Bed 5 76 75 78 76
Bed 6 72 71 72 72

70 70 70

67

63
Average
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—&— Bed number scenario —— Hugher demand

78% 71% 76%

e —® 74%

64% 9%
I ) ) ) ) 1
Manual Arena simulation Arena simulation Arena simulation Arena simulation
calculation of - 6 beds -7 beds - 8 beds - 9 beds
existing
condition

Figure 2. Comparison of several scenarios, %, authors’

ICU management as a decision maker has to consider also the idle capacity
option. To determine the number of bed being added to ICU, the aspiration level
method is employed to know the preferences of hospital management in decision-
making. From the interview with hospital management, they want to add capacity if
the average bed utilization is above 60%. The results of our simulations suggest that
ICU may added two extra beds to their capacity, because as seen above, the average
bed utilization of 7 beds is 68% and the average utilization of 8 beds is 64% which
mean bed utilization is above 60% or the idle capacity is below 40% if the demand of
intensive care unit is still the same. But if the demand is 10% or 20% higher, ICU
management may add up to 9 beds because the utilization rate would be still above
60%.

For this reason, the simulation can show the utilization rate that can be useful in
decision-making so that the hospital management can provide better decisions, espe-
cially when evaluating their current capacities.

Conclusion. This research provides input to the development of research that can
provide capacity evaluation tools on bed utilization number in different facility con-
dition especially for ICU using the principle of priority that will help decision-mak-
ers make better decision related to capacity condition. Based on the proposed
method, ICU can add two extra beds into their system. As mentioned earlier, based
on the interview with hospital management they want to add capacity if the average
bed utilization is above 60%. The simulation results suggest that ICU may added two
extra beds, as from the Arena Simulation calculations the average bed utilization of
7 beds is 64% and the average utilization of 8 beds is 68% which mean the utilization
of bed is above 60% or the idle capacity is below 40%.

Further investigations. This study is a relatively new field for Indonesia. This
study was conducted in one hospital so we cannot generalize the result on the whole
sector. Therefore, similar studies for other hospitals would provide common pattern
on this issue to explore common situations that occur in ICUs. More comprehensive
work should be also done to relax some assumption that have been made, further
research is expected to be carried out basing not only on the patients arrival time to a
medical functional unit but also covering other factors such as the source of patient
(emergency room, inpatient care unit etc.). Further research may also consider cost
and revenue functional in order to provide better suggestions for capacity planning.
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