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Simulation Approach for staffing the UHCO Maternity’s Operating Theatre
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Abstract: The aim of this study is to reorganize and simulate the operating theatre of the maternity
service of the UHCO (University Hospital Centre of Oran) in order to improve quality and quantity
performance. For this we use ASDI methodology which is based on the independence between
knowledge and action models. We use ARIS Toolkit for the knowledge model and ARENA for
simulating. After simulation of several scenarios, we have obtained satisfying results with addition of a
nurse’s aide and regrouping operating theatres of caesarian sections and gynecological operations in
one block which were initially separated into two wings.
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INTRODUCTION

The hospital system is one of the most complex systems on which many researches are interested. The main
problem of such systems is how to reach a high level of the quality of service and a reduce costs of
management.

Evaluating the hospital performance is essential for the hospital managers to help them to make decision
about some critical resources (human or material) and detect their under or overuse. The performance evaluation
can be solved using modeling and simulation tools.

The maternity service of the UHCO (University Hospital Centre of Oran) in Algeria is the main operational
maternity of the city. It’s classified as maternity of level three ; it takes care of normal and risked pregnancies,
evacuated patients from other public or private health establishments of the city and other cities, all kinds of
deliveries, gynecological interventions, resuscitation of the newborn child and the training of the student
doctors. It is organized to respond to different patterns of women care; it is structured in wings including two
surgical units, one in wing number 14 contains two operating theatres reserved for planned and urgent caesarian
sections and the second in the wing number 34 containing one operating theatre dedicated for planned surgical
acts concerning the gynecological interventions and two PACU (Post Anesthesia Care Unit) containing two beds
in each one.

Our study approach the staffing and determining the technical resources number used in the operating
theatre of the maternity in the UHCO.

MATERIALS AND METHODS

Modeling Methodology:

This section presents a brief description of the methodology used in our case of study for modeling and
simulating operating theatre of the maternity service. The ASDI methodology (Analysis, Specification, Design,
Implementation) proposed by (Gourgand and Kellert, 1991; Gourgand, et al., 2007) for the design and
implementation of a simulation environment, can be applied in both cases of a system that already exists, and of
a system that still has to be conceived (Combes, 1994). The ASDI methodology recommends the construction of
a generic knowledge model of the system’s class.
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Fig. 1: The modeling process of a system.
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The knowledge model is a formalization of the structure and operations of the system through a natural or
graphic language. This generic model must be able to be instanced for any system of the class. This generic
model must also allow the design of software components which will be used during the design stage of the
action models development (figure 1) (Gourgand, et al., 2007). The action model is a translation of the
knowledge model in a mathematical formalism or in a programming language.

To obtain knowledge models of complex systems, ASDI recommends a systemic decomposition of the
studied system in three communicating subsystems (figure 2). The Physical Subsystem (PSS) defines the
physical entities set (which concerns different fields, such as the production, storage, handling and transport
fields), their geographical distribution and the links between them. The Logical Subsystem (LSS) represents the
flows of entities which have to be handled by the system, along with the set of operations concerning these
flows, and the nomenclatures which refer to this set. The Decision-making Subsystem (DSS) contains the
management and working rules of the system (Chabrol et al., 2009; Moussa and Belkadi, 2009).
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Fig. 2: Communication between the tree subsystems.

Knowledge Model:

Before presenting the knowledge model, we must present human resources used in the maternity service for
the accomplishment of a surgical operation in the two cases caesarian section and gynecological intervention.
The operating theatre of the two wings uses 2 NA (Nurse’s Aide) 2 TN (Theatre Nurse), 3 AN (Anaesthetist
Nurse), 7 gynecologists, and 3ARD (Anaesthetist Resuscitator Doctor).

In our modeling process we use ARIS Toolset (Scheer, 2000; Augusto, 2008) to present the knowledge
model. It enables us in a first stage to graphically formalize the elements of the block and the processes. Figure
3 present the event-driven process chain (EPC) of both caesarian section and gynecological intervention.

Let us note that we didn’t take into account the representation of the newborn child flow in the EPC for the
caesarean case.
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Fig. 3: Surgical operation EPC.
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Action Models:

According to a study done in 2010 (Belkadi, et al., 2010) in the same service on the activity, the number of
caesareans is 339,67 per month and other operations is 61,17 per month.

We use ARENA model to simulate the activity in the operating theatre of the maternity and to pass from the
knowledge model to the action one we use the queuing network model.

Figure 4 is the queuing network model representing an action model of the gynecological operations
(caesarean or other) in the maternity service according to the diagram of the processes describes in ARIS
(Belkadi, et al., 2010; Zahaf and Belkadi, 2010). It describes the use of human and material resources during a

caesarian section or gynecological operation.
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Fig. 4: Queuing network model of surgical operation.

ARENA Model:

The maternity action (or simulation) models are implemented (figure 5) using Rockwell Arenal2, which is
a powerful tool for simulation (Augusto, 2008; Pegden, 1992). This tool was already used in this scope in
(Marcon and Dexter, 2006 ; Marcon and Dexter, 2007). We exploit the minimal, median and maximum values of
the operational durations by a Triangular law (Dekhici and Belkadi, 2009): Trian(30, 40, 120) minutes for the
Caesarean sections and Trian(51,54,71) for the other gynecological operations. The time of post anesthesia
follows the uniform law Uniforme(5,60) minutes. The triangular law parameters are calculated from data and
statistics collected from the maternity service (Zahaf, et al., 2011).
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Fig. 5: ARENA model of operating process.

RESULTS AND DISCUSSION

In a first model M1 for performance evaluation, we simulate the operation of the two separate wings 14 and
34. The first scenario of this model M1S1 simulates 3 programmed operations and 5 Caesarean sections which
arrived each 7 hours, so 15 Caesareans per day as maximum. The durations of post anesthesia are 5mn as less
duration and 1 hour as maximum. It confirms the validation of the model with a ratio of processing = 100%
(Table 1). The second scenario of the same model M1S2 simulates the same arrival rate and leaves the patients
in PACU (Post Anesthesia Care Unit) until their complete awakening (between 1 and 2 hours). We notice that
the rate of operated patients decreases from 100% to 73, 33% and the use of NA14 (Nurse’s Aide of the wing
14) increases to 45,83%. The third scenario M1S3 is similar to the second by adding a NA to the operating
theatre of the wing 14. We observe that all patients can be treated. Since the addition of a NA could solve the
problem of awakening duration, we increase in scenario M1S4 the awakening duration to 3 hours but we
observe that one of the ARDs use rate is up to 91%. A change of the procedure is necessary to allow the ARD
treating more patients. After awakening duration improvement, we increase in the last scenario M1S5, the
number of caesarean sections at 18 per day and we see that the system is always operational. In a second
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scenario of dimensioning M2, we reconfigure the system in only one wing which gathers gynecological
interventions and caesarean sections and we take between 1 and 2 hours as awakening duration and sharing of
resources of which 3 NA. In the first scenario we test 15 caesareans and 3 other operations. In the second we
increase the number of Caesarean sections up to 21 per day and the other operations to 5. The model is perfect
with an ordinary time of occupation of the operating rooms: 18,09 hours and 19,23 hours (less than 20 hours)
and an equitable rate of physicians use (table 2).

Table 1: Patient processed rate during each stage of the surgical act.

Model Model of two separated wings Model of two in one
Scenario M1s1 M1S2 M1S3 M1S4 M1S5 M2S1 M2S2
Patients | Caes | Oth | Caes | Oth | Caes | Oth | Caes | Oth | Caes | Oth Cae. Oth | Caes | Oth
Avrrived | Nbr. 15 3 15 3 15 3 15 3 18 3 15 3 21 5
Nbr. 15 3 15 3 15 3 15 3 18 3 15 3 21 5
Prepared | Rate 100 | 100 100 | 100 100 | 100 100 | 100 100 | 100 100 | 100 100 | 100
Nbr. 15 3 15 3 15 3 14 3 18 3 15 3 21 5
Induised | Rate 100 | 100 100 | 100 100 | 100 | 93,33 | 100 100 | 100 100 | 100 100 | 100
Nbr. 15 3 11 3 15 3 14 3 18 3 15 3 21 5
Opered | Rate 100 | 100 | 73,33 | 100 100 | 100 | 93,33 | 100 100 | 100 100 | 100 100 | 100
Nbr. 15 3 11 3 15 3 14 3 18 3 15 3 21 5
Arrived in PACU | Rate 100 | 100 | 73,33 | 100 100 | 100 | 93,33 | 100 100 | 100 100 | 100 100 | 100
Nbr. 15 3 10 3 15 3 13 3 16 3 15 3 21 5
Awaked | Rate 100 | 100 | 66,67 | 100 100 | 100 | 86,67 | 100| 889 | 100 100 | 100 100 | 100
Table 2: ORs occupation and Resources use rate after simulating the different scenarios.
Model of two separated wings Model of two in one
M1S1
S M1S2 M1S3 M1s4 M1S5 M2s1 M2S2
Use rate 0,3929 0,3189 0,3803 0,3602 0,4428 0,4543 0,6001
OR . 18,669 23,8829 21,0779 23,6831 23,8139 18,0996 19,2352
Time of | W14
occupation 4,655 6,6047 6,8531 6,25347 6,8531
w34
PACU 0,0631 0,1249 0,1663 0,1923 0,1807 0,1648 0,2387
NA 0,2457 0,4583 0,4053 0,4661 0,4417 0,4015 0,5808
AN 0,3690 0,2900 0,3630 0,3427 0,4227 0,4194 0,5497
N 0,3609 0,2593 0,3321 0,2986 0,3679 0,3947 0,5295
Gynecologist 0,1346 0,1055 0,1253 0,1168 0,1356 0,1421 0,2035
ADR 0,2964 0,3999 0,4571 0,4858 0,5002 0,4992 0,7024

The values presented in bold represent critical values and those tinted indicate a good use of resources (table 1 and table 2).

Conclusion:

We presented in this study the maternity service of the UHCO and especially the process of caesarian
sections and gynecological operations realized into the surgical units. We used ASDI methodology for modeling
process which is based on the knowledge model and the action model. Our knowledge model was implemented
using ARIS tool and the action model was realized by the use of ARENA simulation.

Our aim is to reach the system performance improvements in order to reduce the patient staying and to give
a high quality of service and assure a good use rate of human and technical resources. To realize this goal we
reorganize the operating theatre and human resources by simulating different scenarios. The addition of a NA
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(nurse’s aide) and the regrouping of the surgical units of both caesarian section and gynecological operations
give the best simulation scenario.

In our future works, we aim to realize the optimization of the operating theatre and the other activities in the
maternity service using metaheuristics (Zahaf and Belkadi, 2010).
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