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Abstract

Background: Neurological trauma and diseases are the second cause of mortality and the main reason of acquired disability. Neu-
rocritical care plays a major role in treating such patients. A longer life expectancy, treatment of incurable diseases, and limited
resources available to add to hospital beds necessitates engineering the knowledge of health systems to prioritize allocation of cur-
rent resources and present a proper pattern.
Objectives: The current study aimed at optimizing bed use and shortening the length of patients‘ hospitalization in neurocritical
care unit (NCCU) of Loghman Hakim hospital affiliated to Shahid Beheshti University of Medical Sciences, Tehran, Iran, and com-
pletely stimulating the procedure of bed allocation and prioritization of patients.
Methods: Data of 420 patients hospitalized in NCCU was gathered and the procedure of bed allocation simulation was performed
considering the priorities defined based on the length of hospitalization and patients’ chance of survival. The PROMETHEE (pref-
erence ranking organization method for enrichment evaluation) method was used to prioritize and allocate beds. To study the
consequences of the suggested method, event discrete simulation tool was used to compare the current status and the results of
the new method for 20 periods each including one month data.
Results: The mean number of patients admitted to NCCU during one month without any prioritization was 76, while it increased
to 86 based on prioritization.
Conclusions: Patients’ simulation and prioritization using the PROMETHEE method resulted in 13% rise in the number of patients
admitted to NCCU and higher utilization of this ward.
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1. Background

In today’s modern world, neurological diseases and
trauma especially cerebrovascular accident (CVA) are the
second cause of mortality and the main reason of acquired
disability. Treating these diseases in neurocritical care unit
(NCCU) reduces the mortality. Allocation of intensive care
beds (also known as NCCU) to patients with neurological
disorders result in greater reduction in the mortality com-
pared with what is observed for general intensive care unit
(ICU) (1-7).

Considerable rise in life expectancy and the rising pop-
ulation of the elderly, feasibility of the treatment of com-
plex diseases among patients with severe underlying dis-
eases, and increasing trend of new diseases, are important

to increase the access to ICU beds to preserve various med-
ical outcomes (8).

Intensive care equipment as the most expensive and
advanced hospital appliances play a major and vital role in
treating and improving patients’ outcome (9). Timely ac-
cess of patient and treatment teams to intensive care beds
is very important (10) and when the patients with critical
conditions are hospitalized in general wards where there
are no experts and necessary equipment (11-13), the mortal-
ity rate increases among the patients (14). The waiting time
for ICU bed availability varies between hospitals and coun-
tries, and typically ranges two hours to 3.5 days (15, 16).

Patients’ admission to ICU within the first 72 hours of
critical conditions has a major effect on their survival rate
(17). Some studies showed that if patients fail to be admit-
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ted to ICU in the exact time, the risk of death increases five
times and the length of hospitalization is doubled (18).

Shortage or inappropriate allocation of equipment re-
sults in longer times that patients should wait in various
wards and critically ill patients may need to be transferred
to other hospitals. This shatters the confidence of patients
and their families in the management of intensive care
unit beds (19). On the other hand, providing hospital beds
(particularly ICU beds) is always a big challenge in the de-
veloping countries, and optimized use of beds is the main
determinant of hospitals’ productivity in a country (20).

It is necessary to improve access to these beds and in-
crease their number. At the same time, proper and eco-
nomical utilization of them needs to be managed using
quality improvement methods.

Health system engineering seeks to find a systematic
method to improve the procedure of bed allocation in such
a way that this valuable resource can be used in the most
efficient way.

When the system is complex and there are many non-
linear interactions between the elements, classical mathe-
matical methods may fail to analyze the system, but simu-
lation is capable of analyzing every system. Simulation is
a term to refer to a set of methods to mimic a real system
behavior using computer technology. It seeks to analyze
and study the performance of the system by analyzing and
improving it through certain predictions. In other words,
simulation is a sample of a real performance system using
computer, which tries to possess all of its properties and
parameters (21).

Simulation-based models present scenarios similar to
real life conditions and their ultimate goal is to under-
stand complicated interactions and procedures between
them. To model the whole hospital, it is required to an-
alyze all independent performances of wards, mutual ef-
fects wards have on each other, and keep in mind the ran-
domized nature of the system. Simulation yields desired
results as it is close to real conditions (22).

In the previous researches, simulation and mathemati-
cal modeling were used to determine the admission capac-
ity and reduce the length of stay and waiting time for pa-
tients, which were performed with changes in equipment
and human resources (23-26).

But in the current study, bed allocation simulation
based on patients’ admission prioritization was used to
optimize ICU bed utilization and decrease the length of
hospitalization.

2. Methods

The current descriptive-applied study was conducted
in the field of modeling and simulating ICU procedures. It

was a practical example of health systems engineering sci-
ence using discrete event simulation (DES) software called
enterprise dynamic (ED) based on data obtained from 420
patients hospitalized in the NCCU of Loghman Hakim hos-
pital affiliated to Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran from 2015 to 2017.

The data required for simulation was obtained from
the NCCU data bank. To classify patients entering the ICU,
data mining was conducted based on length of stay in
NCCU using decision tree algorithm. Hospital information
system (HIS) was used to extract the data of patients admit-
ted to ICU.

By ED software, NCCU beds and patients waiting in the
queue along with patients’ admission data and the data as-
sociated with the length of hospitalization were simulated
and the resulted model was created without any prioriti-
zation based on the first-in, first-out (FIFO) order. Minitab
software was used to validate the resulted model. The
Kolmogorov-Smirnov test was used to determine the nor-
mality of data obtained during eight months in the real
world with those obtained in the same period through sim-
ulation. After confirmation of data normality, the paired t
test was used to compare the means of the two populations
with an internal confidence (IC) of 95% and the validity of
the model was verified.

Preference ranking organization method for enrich-
ment evaluation (PROMETHEE), which is considered as a
multi criteria decision-making (MCDM) method was used
to prioritize patients admitted to NCCU. This is a struc-
tured method for preferential ranking. Patients’ prioriti-
zation was conducted considering survivability (positive
criteria) and the length of hospitalization (negative crite-
ria) as well as definitions of indifference and preference
threshold, shape of the function, the weight of criteria, and
data associated with choices (27).

With regard to patient prioritization, the simulation
was diverted from the FIFO principle; hence, it was re-
prioritized and the obtained results were compared with
the prioritizations.

3. Results

Data obtained from 420 patients admitted to NCCU by
decision tree algorithm yielded 31 classes of patients enter-
ing NCCU, which is briefly presented in Figure 1.

To produce patients‘ simulation model in NCCU, distri-
bution of entrance level data and the length of hospitaliza-
tion were defined for each patient (Figure 2) and the simu-
lation model for 14 NCCU beds with FIFO order was formed.
According to the output of Minitab software and zero in
the range (-18.16, 12.44), the idea of the equality of the two
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Figure 1. Rules extracted through data mining (decision tree)

populations was valid and the model had sufficient credi-
bility.

Figure 2. Functions obtained from data associated with each class of patients ad-
mitted to NCCU

After ensuring validity of the simulation model, the

model was conducted for 20 one-month periods and the
mean entry of patients in the non-prioritized state was 76
patients.

Figure 3 presents the results of prioritizing 31 classes of
patients admitted to NCCU using the PROMETHEE method
considering the survivability rate and the patients’ length
of stay. Action represents patients’ classification, while Phi
indicates the weight of criteria.

The results of a secondary simulation based on prior-
itization of patients admitted to NCCU for 20 one-month
periods were equal to the mean value reported for 86 pa-
tients.

Table 1 and Figure 4 compared the two simulated mod-
els before and after patients’ prioritization in 20 one-
month periods. The mean of data showed that 10 patients
were added to the previous recorded number.

4. Discussion

NCCU beds as the most valuable hospital assets play a
major role in the recovery, treatment, and rehabilitation of
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Figure 3. Patients’ prioritization using the PROMETHEE method

Table 1. The Results of the Two Bed-allocation Model Prior to and After Prioritization

Ave SD L-Bound (95%) U-Bound (95%) Min Max

Pre prioritize 76.15 7.86 72.47 79.83 65 92

Post-prioritize 86.45 6.34 83.48 89.42 77 101
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Figure 4. Comparing the number of patients admitted to NCCU before and after the prioritization

patients with neurological diseases. Inappropriate use of
hospital beds increases costs, reduces efficiency, and con-
tributes to a greater mortality. However, proper manage-
ment of hospital beds, particularly ICU beds, improves the
efficiency and reduces the mortality (9).

This issue is important in allocating NCCU beds and
prioritizing the admission of patients with neurological
diseases. Due to central nervous system’s sensitivity and
the looming danger of disability influencing the patients
in various degrees, providing timely care to patients with

brain involvement is a vital issue in NCCU. Failing to take
proper and timely therapeutic measures and hospitalizing
such patients in ICU deteriorates their condition and sec-
ondary insults may occur (7, 28). Long-term hospitaliza-
tion of some patients in NCCU with inadequate equipment
endangers their priorities.

The current study employed simulation to present a
model to assign beds based on prioritization in NCCU.
This prioritization was conducted according to patients’
length of hospitalization and their survivability.
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Based on the results achieved through prioritization,
76 patients were admitted to NCCU during one month
without any defined prioritization criteria. This number
increased to 86 when a prioritization criteria was defined
indicating a 13% rise in the number of patients admitted
to NCCU. As the survivability rate was taken into consider-
ation in patients’ prioritization, the efficiency of the ward
also increased.

There is no similar research focused on NCCU bed allo-
cation simulation based on patients’ prioritization. How-
ever, a large number of simulation researches were per-
formed in the field of hospital beds using expensive inter-
ventions and treatment team changes to reduce patients’
length of stay, waiting time, mortality rate, and efficiency.

To develop and improve a mathematical model to sim-
ulate bed occupation in ICU, Barado et al., (23) divided data
of 6300 patients in Navarra hospital (Pamplona, Spain) to
three categories. They presented a simulation model as a
capacity analysis tool and their results showed how many
beds were required to preserve the non-admission rate (5%
and 10%) regarding population increase in the future (10%
to 50% rise). Zeng et al., (24) used computational simu-
lations to improve patients’ length of stay and waiting
time in the emergency ward of a hospital. This simulation
model altered the number of treatment team members to
study its effect on the length of stay and waiting time pa-
tients usually experience. Their results pointed to a 5% re-
duction in the length of hospital stay, while this reduction
for the waiting time ranged 13% to 26%. Zhu et al., (25) con-
ducted a 12-month study of an ICU with 13 beds in Singa-
pore to present a discrete event simulation model capable
of predicting the effects of increasing ICU beds on the over-
all performance of the ward. Adding three more beds to
ICU reduced bed occupation by 6%, while this reduction in
rejected cases ranged 2% to 6%. Mathews et al., (26) con-
ducted a study to provide a conceptual framework to in-
crease the flow of patients in ICU. They planned a simula-
tion to demonstrate how bed allocation changes can influ-
ence the bed occupation and waiting time. The results in-
dicated a 7.2% decrease in waiting time and a 4% increase
(80% to 84%) rise in bed occupation rate. Clermont et al.,
(29) studied 1400 patients in 49 ICUs in 11 different coun-
tries. By a time pattern obtained through multiple results
of patients including mortality, length of hospitalization,
etc., they presented a pattern which reduced the length of
hospitalization from 8.1 to 7.7 days.

Furthermore, the current study made no alteration to
the number of beds, treatment team staff, and equipment.
Only a patient prioritization method was used through
creation of a support system to help physicians in correct
selection of patients for admission to NCCU. The results
of the study indicated that priority-based bed allocation

yielded a 13% rise in the patient admission rate and made
a positive contribution to greater efficiency and optimized
use of valuable assets of NCCU.

4.1. Conclusion

The employment of health systems management
methods and prioritization of patients for NCCU beds al-
location yielded a greater admission rate, a shorter length
of stay in NCCU, and less mortality.
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