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Abstract: This paper proposes a global and complete decisigpport tool able to help
decision makers in the reengineering of a surgstale. Under increasing economic pressure
and subject to rapid evolutions of technology amdgigal protocols, hospitals have to
consider radical organisational changes to ensuoatmuous efficiency. Recent findings in
enterprise modelling highlight the importance ofvimg a global, complete and ‘generic’
model to support the design of a new surgical stiiteanother field, researches on decision
support tool using discreet event simulation andinsigation techniques mostly focus on
specific reengineering issues (i.e., number of afixeg rooms, PACU beds, efficiency of the
surgical planning) without addressing globally thealenges related to overall efficiency of
the surgical suite. The decision support platfotmatthas been developed is based on a
‘generic’ surgical suit model able to evaluate thepact of hospital managers’ choices
during each phase of the reengineering project kisato a discreet even simulation kernel.
Created from the experience of five private and ipubbspitals and using an automatic
generation of simulation models, this decision suppool exceeds the limits of currents
simulation models and offers a full adaptabilityadarge variability of hospital practices.
Following several steps, this approach supportatsgic choices about infrastructure, and
enables to progressively define the surgical sfitectioning by assessing the impact of
choices related to peripheral resources, suppoocesses and personnel organisation

Keywords: decision support tool, reengineering, discreet event simulation, operating
theatre, surgical suite, generic model

1. Introduction

In the current economical, political and sociol@gicontext, in France as well as in
other OCDE countries (USA, Canada, Western Eurdpedlth care organisations
are prompted to initiate modernization project®ider to answer to the increasing
care demand and to reduce health care expensds, guaranteeing a high level of
quality of care. Such reengineering projects raseertain number of issues,
particularly regarding the design of the new faéiedi. Along this reorganization
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process, decisions that are taken will have a graact during the next 10 to 30
years (i.e., size of the buildings and of specisources, work organization,
personnel management policies). At the end oféleagineering project, the choices
still have to be questioned according to the emwitent changes, in order to
maintain an efficient organization. In practiceggh decisions are taken without any
decision support tools and are generally basechdividual expertise, which does
not guaranty that the best decisions are made.

The surgical suite is one of the most expensivéitfas in a hospital and is usually
the place which concentrates a lot of interestraum reengineering project. A
certain number of hospitals have chosen to groupical facilities. Hence, form
several mono-disciplinary surgical suites physicalrtitioned, the project leads to
move toward a multi-disciplinary surgical suite, iefh gathers the activity form
several specialties. Three main objectives are wmoedl when heading for such
grouping: increasing security of the patient, imsiag the flexibility of the
resources, reducing the global cost. This kind mjget however raises a certain
number of issues: how many operating rooms (OR{lsbe the recovery room,
induction areas, will be necessary? Which schedulies will apply to the OR?
What will be the Master Surgical Schedule? How Wik evacuation of waste be
organized? How many nurses, stretcher-bearer, keapers will be required?
These questions are difficult to answer considetimg complexity of processes
performed in the surgical suite and the diversitysorgical activities. The new
surgical suite will also put together people froiffedent specialties, used to work
separately. The design of the new structure mugtar a consensus, based on
quantitative and objective results and not onlysobjective considerations.

In the literature, studies dealing with surgicaltesti reengineering are available.
Some tools have been developed to tackle the gitatevel of reengineering
projects in hospitals. They use different technieplproaches (i.e., enterprise
modelling, simulation, optimization) to tackle d@ifént aspects of the surgical suite
organisation (i.e., technical facilities, operatibprocess, decision process). Among
them we find studies using enterprise modelling clvhaim to depict the main
aspects of the surgical suites through differenintpof views [Trilling, 2006].
Starting from well known modelling approaches, swah IDEF, ARIS, GRAI,
researches in healthcare led to develop new appesaand models to meet
hospitals’ requirements. Research projects fromuf@ and Clémentz, 2006;
Fletcher and Worthington, 2007] start from the #&miy amongst hospital
functioning and try to define complete and “generiwdels used in the design of
new surgical suite. Other studies address the gnoloif determining the size of the
resources required to perform the activity. Authase simulation approaches to size
critical equipments and facilities (bottle neckpjlkery and Davis, 1999] according
to patient and logistical flow carried out [Ballaathd Kuhl, 2006]. Simulation can
also be used to evaluate several organisational ameliitectural alternatives
[Centeno et al., 2001]. In parallel, studies usipgmization establish new rules for
affecting activities to resources [Marcon et aDP2; Guinet and Chaabane, 2003;
Belién and Demeulemeester, 2007; Hans et al., 20R&tent works combine
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simulation models and optimization for finding hétsame time the right number of
critical resources such as operating room as vgetha set of planning rules, both
integrated in a global approach of reengineerin@rddn, 2003; Denton et al.,
2006]. Centeno enlarged the simulation model ofsiimgjical suite to consider the
personnel requirement and to propose organizatiomatovements. However this
model was relatively limited for designing precisersonnel organization [Centeno
et al., 2001]. To overcome this drawback, othehans propose advanced decision
support tools that automate the design of persosinéis. These tools are based on
hybrid approach combining simulation and linear gpamming [Centeno et al.,
2003; Trilling et al., 2006], meta heuristic algbms [Yeh and Lin, 2007] or
specific heuristic [Trilling et al., 2006] in ordeo optimize the personnel shift
scheduling and to increase the global performahtieeoservice.

One of the limits of classical simulation approaches in the difficulty to design a
model both precise and generic. With current maugknd simulation languages, it
is possible de create a generic model that coutd 8everal hospitals, but the model
will represent the reality with a coarse level @ftalls, and would not be able to
solve real problems. In order to create a preciséah it is necessary to define
accurately each situation that could occur. A m@cnodel is generally designed to
answer specific issues for specific hospital angstban not be considered as a
generic model.

The difficulty to design a model both precise arederic is particularly present for
the issues relative to personnel management (positefinition, staffing and shift

scheduling). In a surgical suite, especially in altidisciplinary one, the way the

workforce is organized can be very different frorhaspital to another. These main
differences are for example:

1. Position definition: definition of personnel categories according heirt
position (i.e., physician, registered nurses, dmessblogy nurses, auxiliary
nurse, ...)

2. Position allocation: allocation of personnel categories to the tasleyt
have to perform.

3. Team definition: choice between polyvalence and specialization of
personnel with the same position on specific talsiscan be differentiated
by the localization or the surgical specialty.

4. Workforce sizing: definition of the number of employees belonging t
each team.

5. Shift scheduling: for each team, definition of shifts and the workk for
each shift.

In most of the models presented above, the decmaker can adjust the number of
resources available. More seldom, he can test akepersonnel allocation scenarios
(point 3) [Albert and Marcon, 2006], but the coasits have to be integrated since
the creation of the model by a simulation expertothers papers, the models allow
to act on the working shifts of employees (poin{Ggnteno et al., 2001; Yeh and
Lin, 2007] [Trilling et al., 2006] but only for argyle team performing specific tasks.
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There is no reference in the literature, which pagpa surgical suite reengineering
model that : (1) allow the decision maker to ddmerihe personnel organization
throw the 5 levels of description, (2) can asségsperformance of the specific
organizations and (3) can be adapted to differespitals configurations without
requiring programming adaptations. That is thearashy we focused our research
on a complete decision support tool able to helgisien makers in the
reengineering of a surgical suite from the gloldlaistructure design to the precise
personnel organization.

Our purpose is to develop a decision support aghraad software that could guide
the decision makers all along the reengineering sfirgical suite. This approach
combines several of the aforementioned decisiop@upools integrated in a global
and ‘generic’ surgical suite model. To link theséfedent techniques, we used a
hierarchical decomposition of choices in severegle of decision, such as found in
[Marcon, 2003; Denton et al., 2006]. The main ofijec of this software is to

provide an objective assessment of several orgamied alternatives before

implementing any of them for real. Supported byoanputerized application, the
proposed approach will allow saving a large amafntime in the reengineering
process. The decision support software must hedpstirgical suite manager to
analyse and capitalise knowledge about the prosesseorder to facilitate the

appropriation of the software by an operating ranemager, we found interesting to
give autonomy in the exploitation of the decisioaking tool.

The paper is organized as follows. Section 2 dessrthe methodology that has
been followed to design the structure of the denisupport platform for surgical
suite reengineering and describes the differentsstd its use. In section 3 we
describe how the platform has been experimentedsujgport a real hospital
reengineering project. Finally in section 4 we dssthe feedbacks of this platform
and highlight tracks for further works.

2. Methods
21 Methodology

Our approach of reengineering methodology is basedenterprise modelling.
Enterprise modelling methods give a graphical regme&ation of the system
according to a set of different views [Davis, 2QQdfysical view, information view,
decision view, resources view, process view, andosth. The advantage of the
multi-view modelling is a comprehensive represeatafor a complex system. This
representation is used along the whole reengirggniaject to support the existing
analysis and to design the future organisation imigocal way, which every actor
can share, criticize and validate.

The classical reengineering methodology includesrse steps as show on figure 1:
(1) as-is modelling, (2) as-is diagnosis, (3) toew®sign, (4) to-be implementation.
The first step consists in formulating a commonrespntation of the service
functioning (as-is system), from information ga#tgbrthanks to interviews and
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observations. This representation is establishedréding to several complementary
views. The second step concerns the diagnosis eofeffisting functioning (as-is
diagnosis) and the identification of malfunctionidgtivities with non-added value,
bottleneck and waste times can be identified thnothge use of simple diagnosis
tools (5 whys, Ishikawa, etc.). The diagnosis ccagdreinforced by the use of flow
simulation, which permits to give quantitative ewsion of a given system
efficiency. The performance of the actual systemassessed according to the
classical triptych: quality, delay, cost. The gaptween objectives and the
performance of the actual system permits to identie main malfunctioning and
organisational weaknesses to tackle and to edtabtisaction plan to implement in
order to improve the global performance. The thstelp consists in designing the
model of the future system. The decision makertbatefine organisation rules, to
design the processes, to chose and to size thaercesowhich will be implemented
in the future system (fourth step). The difficutif/the to-be design is to figure out
what could be the consequences of the differenticesp without previously
assessing them in the real world. Simulation cagsist the design tasks, since it is
able to give a faithful image of the performancéshe service before materially
implementing it. If the performance of the testeshfiguration does not satisfy the
objectives, simulation results (performance indicgitin the form of dashboards)
could be exploited to adjust the to-be model. B frerformances satisfy all the
objectives, then the designed organisation couldvélelated and implemented
(fourth step).
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Figure 1: Reengineering methodology

2.2  Description of the platform dedicated to surgical suitereengineering

Since most hospitals, at least in France, are subjethe same regulation and are
doing the same job (i.e. taking care of the paslerwe found it interesting to think
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about a decision support tool comprehensive entadith a wide range of hospitals
involved in reengineering projects. Therefore, thesign of this tool includes
successive interfaces allowing the user to setupnireasy and intuitive way the
model of the existing structure (as-is model) adl we the model of the future
organisation (to-be model). The utilisation of thiol is progressive, since it
describes the process with rough details at thénbiem and incrementally adds
details on the process, until the target orgaminats extensively defined. At the
beginning, with very few details, the tool is alie define the main activity
scheduling rules and to size the critical resousagsh as architectural resources.
When details are added to the process (succesbi@rroentary activities, material
and human resources associated to each activitppcomes possible to evaluate
and to adjust the number of other resources redjuire

Using the principles of the enterprise modellindne tsimulation, and the
optimization techniques, we developed a platforsedzon 3 models: (1) an activity
flow model driving the user to the definition ofetfactivity demand, (2) a process
model helping for the design and the assessmerdrafus configurations, thanks to
simulation, and (3) an organization model whichoimes tools for resources sizing.
Through a set of user interfaces, this platformatsupports our approach guides
the user in the reengineering process. It helpsfbinsonsidering decisions relative
to the three hierarchic levels: (a) design, comfigion and sizing of the most critical
resources (bottleneck, expensive resources, lilgabpg rooms in the case of a
surgical suite) according to a global activity terform, (b) sizing of other non
critical resources (for example, the number of badshe recovery room), (c)
definition of the staff required to perform the igity according to the work
organization (skills, responsibilities, activity h&duling). Although the approach
proposed could be applied to a wide range of rewmging projects, the platform
developed is specific to surgical suite reengimepriFigure 1 describes the
successive steps in using the decision-supporfophat

Organisation of critical resources: The user gives the specification of the surgical
suite organization (names of the specialties, nurobeperating rooms, number of
post-anaesthesia care units (PACU), number of tecep number of induction
rooms, etc.) and is invited to provide details akiba relation between the operating
rooms and the others resources. For example, aftatient is operated in operating
room #1, #2 or #3, he is transported to PACU #2hisrrecovery. If the patient is
operated in operating room #4, #5, #6, #7, haaissjported to PACU #1.

Process modelling: Then the user describes the processes relatbd fmtient care,

as well as the logistical processes. In total, sepecesses are linked together
(patient care process, sterile medical device mamagt process, operating room
cleaning process, waste management process, stretmhd operating table

management process, bed cleaning process, linestaed cleaning process). The
process modelling is facilitated by a generic teatgplthat covers all the activities
requiring material and human resources of the safgsuite. This process is
considered as generic because it includes all iffereht practices observed in



hal-00385612, version 1 - 3 Jul 2009

surgical suite of French hospitals. We have idettifeven different practices in the
French surgical suite such as “the induction isgrered in a specific induction
room or directly in the operating room” or “the ieat recovers in the recovery
room on his bed or on a stretcher” for example.hWhie global process map of the
surgical suite designed, the user can at any tiefmal tasks durations and assign
staff to each task.

Data collection and extrapolation: The activity data need to be defined. The
activity data are characterized by the number eésaisually performed per period
and the statistical duration law for each spegialitn each type of surgery

(ambulatory, regular, elective case). These agtidétta are extrapolated in order to
figure out the evolution of the activity for thexte O years.

Scheduling and assignment rules: In the fourth step, the surgeon (or surgeons’
group) block time assignment is defined. This stepld be considered as the
building of the Master Surgical Schedule (MSS).

Then we check if for each surgeon, the surgeowsldilime assignment fits with the
actual surgical activity (balance between load eeqohcity). After this checking step
the simulation model can be generated.

Process Data collection
modelling Extrapolation
—> e
Organization of Scheduling and
critical resources assignment rules
N NS

Generation of the simulation model

/ \

Simulation without t Simulation with HR finite

fixing size of HR capacity

. | Global performance Human Resource (HR) Performance assessment |
assessment sizing (shift design) with limited HR

Figure 2: Structure of the decision support platform

The next step is an infinite capacity discrete évesimulation to obtain the global
performance of the surgical suite. This simulatdso provides workload curves of
the resources, which traduces for each time sldh®fday the number of material
and/or human resources required for each skillgoate This workload curves are
used to define the most efficient shift design, amdmplement the timetable of
human resources into the simulation model. It alkows assessing the performance
of the surgical suite under limited human resourédter this first infinite resource
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simulation, the human resources organization caadpasted in order to improve
performances.

3. Application and results

The approach and the platform supporting it haventseveloped within the scope
of the HRPZ2 project involving a consortium of salefFrench hospitals and
academic research laboratories. This approach hmsnsits effectiveness when it
was used to size the resources of a hospital ettéonthe HRP2 consortium and
involved in the reengineering of its multi-discipdiry surgical suite. The partnership
was built on reciprocal profits. For the HRP2 partnthe experimentation on a new
case could permit to validate the relevance andinterest of such a decision
support tool in a real situation of reengineerimgcess. For the hospital external to
the HRP2 consortium the results given by the sitradacould quantitatively
validate the organisation choices and identify éwvalnnconsistencies.

3.1  Description of the case

The Regional Hospital of Annecy was involved inemnganization project named
NHRA (Nouvel Hépital Regional d’Annecy) that leatts build a new hospital by
end of 2007. During this project, the Regional Htapof Annecy initiated an
important operating room (OR) merging process. Befihe transfer in the new
facilities, there were two surgical suites locaa¢two different floor of the hospital:
— One multi-disciplinary operating theatre producB&p0 surgical cases per
year composed by 4 induction rooms, 8 operatingnand a 11 beds in
recovery room.
— One specialities operating theatre, open half a, degmposed by
3 operating rooms and performing 1200 surgical case year.

After their surgery all the patients of the twoginal suites were transferred to the
central recovery room by specific stretcher bearee emergency surgical activity
oversteps 2500 surgical cases per year, constgathan OR and the recovery room
to be opened 24 hours a day. By merging the surgigikes, decisions makers
expected to reach financial savings while redugagent transfers as well as the
number of required resources. More precisely, tamnssues for this hospital were:
(1) to assess the performance of the current statbeofurgical department
(i.e., operating rooms split into several indeperndeairgical suites),
(2) to figure out what could be the best organizatidnaomerged multi-
disciplinary surgical suite,
(3) to evaluate the global benefits of the reorganiratproject, including
financial and flexibility aspects.

3.2 Implementation: parameterization

Before this study begins, the decision maker rexkia half-day preliminary
training, including a presentation of the tool @atquired and output information
for each strategic level of decisions), as welttes set up of the decision support
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tool on his computer. Afterwards, the continuatafnthe reengineering study was
done by phone meetings and emails.

The manager of the reengineering project decideléad two approaches for the
reengineering of his surgical suite at the same:tifh) a classical approach based
on the calculation of average activities and megetirth surgeons; and (2) a new
reengineering approach using the decision suppéiware.

For the strategic reengineering level, the surgiaalivity data was collected
relatively easily, since the surgical suite alreathged an information system for
supervising the activity. The surgical activity thfe past 6 months was extracted
from the database to an Excel worksheet. Thengusilvanced excel functions the
decision maker could produce statistics on theviagtand tasks duration. The data
analysis stage was the most difficult task, duthéoknowledge required to build the
statistical distribution laws of activities durati@nd emergency case arrivals. But
this operation was done relatively well by doingalagies between statistical
duration laws with a histogram representing thérithistion of the past activity for
several duration range.
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After the data gathering and analysis step, thasiec maker implemented the
software, following the interfaces and informatisaquests. The first results
permitted to evaluate the performance of the carmganization (HRA) by
assessing the workload curves of operating roonemgalthe day, giving the
operating room workload hour per hour and for edaf of the week (Figure 4).
These results were validated by the supervisorff bta comparing them to the
current functioning. Thus, the results of the s@ioh corroborated the activity
study performed previously by the supervisory stéfffese two comparisons created
an interest in the simulation results and a redatiust in the decision support tool
relevance.
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The second simulation campaign led to evaluatedleance of a first scenario of
the future NHRA (NHRA#1). In this scenario, the b@as to open 14 operating
rooms each day. The analysis of simulation resshiswed that all the expected
surgical activity (i.e., average activity) could performed into 9 operating rooms
with almost the same opening range, only by changfie main activity planning.
The use of our tool highlighted that it was unneseeg to open 14 operating rooms,
and led the decision maker to develop other scemafihe negotiation and the
explanation to surgeons for such decrease of apgredom number is a sensitive
and crucial stage for the reengineering projectthis difficult negotiation, the
workload curves like the one shown on Figure 4 wesed as a powerful negotiation
support showing objectively the situation.
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Figure 4: Example of efficiency analyse with workload cusve

For defining more precisely the resources requine@covery and induction rooms,
the decision maker used the second core part cfdfterare, by giving more details
about the processes and the resources’ organisdtien user defined the patient
process durations for each task through a graphitaefactive interface. This

interface displays all the processes (i.e, patiastes, cleaning ...) of the surgical
suite and allows the user to set different pararadike activity durations. In the

reengineering process, this interface also enablassign staff to each task.

The graphical models initially instantiated andgraeterized by the decision maker
facilitated the negotiation between actors and marg by giving a single and
global point of view of the actual organisation awfdthe projected organization.
These interfaces enable to easily understandrtke imong different activities and
help to analyse the causes of eventual malfunctip(figure 5).
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The simulation of the processes provides workloaes for other resources and
could determine the most appropriate number of PAfeds and induction areas
required. These results compared with the prelirgipaoject led to identify ways of
improvement and to define other organisational adesa. These new organizations
were defined with collaborative consent and enaldlecision makers to choose a
solution, both cost effective and accepting adtiitctuations. The final NHRA
project was obtained after two more iterations (M#R and NHRA#3) and
converged to a surgical suite with 9 ORs and vattger working durations.

Finally, 4 configurations have been tested and Hadethe decision maker to a
robust compromise:

1. Evaluation of the current surgical suite (HRA)

2. Evaluation of the initial project (NHRA#1)

3. Evaluation of two new alternatives (NHRA#2 & #3)

4. Choice of a robust compromise (NHRA#4).

3.3  Conclusion of theimplementation

The surgical suite reengineering project of the MRdupported by our software
lasted 3 months, and required almost five dayscabmpaniment work for one
engineer (i.e., including data analysis validatiohhanks to the decision support
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tool handling, the hospital manager could capitakmowledge and acquire a good

understanding of the processes performed in thgicalrsuite. The decision support

tool has helped the decision maker to:

- dize the number of operating rooms define the opening hours and the
master surgical schedule (MSS): the originally MSS presented a high
variability of the occupational rate among the agpieag rooms (form 30% to
98%). The utilisation of the decision-support path led to reduce the number
ORs required from 14 (NHRA#1) to 9 (NHRA#4). It@lksnabled to re-dispatch
the surgical activities among the ORs in order &babce the workload and
reduce the gap between the most occupied OR (Bfte iBstead of 98%) and
the less occupied OR (rate 50% instead of 30%).

- determine the secondary resources workload and their opening period: for
example, concerning the Post Anaesthesia Care (BACU), the use of the
platform showed that 10 beds were sufficient indte& the 23 beds initially
planned. However, it has been decided that thé dmrfiguration would include
11 beds.

- determine the staff requirement for specific transversal workers: the
platform has provided workload curves that werendfarmed in staff
requirements for each time slot of the day andgacifics skill categories in the
new structure.

4, Conclusion

In this paper, we have presented the design praoesshe structure of a decision
support tool for the reengineering of surgical esiitThe originality of this tool
based on simulation lies in several aspects: i@ptdbility to a large panel of
hospitals situation; its capability to describe asithulate precise, complex and
specifics organisations; its user friendly integfadlowing hospitals managers to use
it by themselves without simulation languages bawmlgd.

The feedbacks of the experimentation of the tooltly Regional Hospital of
Annecy were very instructive for our project, highting the strengths and
weaknesses of the platform, as felt and experiefigethe users. The interactive
software has been rapidly appropriated by the haisgdecision makers since they
had the possibility to assess by themselves tHenpesince of the current facility as
well as the performance of the future one (throdlgh adjustment of several
parameters), and to compare both according to déimeescriteria. Despite some
difficulties with statistical durations, they fourile approach easy to follow, and
helpful to define new organizations. They were ries¢ed by having such a tool
permanently for supporting organizational decisions

The managers have appreciated the user interfgreagh and were satisfied by the
relevance of the results given by the tool, paltidy regarding the first two stages
of the approach. The interest of the managershioffitst two stages was due to the
rapid progress along the modelling process, thaokas pre-parameterized generic
model of surgical suite. Managers adapted a gemeoitel by changing parameters
(i.e., statistics on surgical activity, surgery atimns, master surgical scheduling,
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process specificities), then the platform could simulation and plot the occupation
rate of each critical resources (operating rooms) @ther material resources (i.e.,
PACU beds, induction area, stretchers, etc.). Atiogrto them, the performance
indicators were sufficiently meaningful and detdileo support the negotiation
between the staff and the managers. The third sthgding with human resources,
provided workload curve for several skills categstretcher-bearer, housekeeper,
nursing auxiliary, nurse) and for each area of ghggical suite. This part of the
reengineering process was long and tedious formheagers, because there was a
great diversity of possible organizations and eaofanization required precise
description of staff's activities. These facts @iy explain the difficulties
encountered in this decision level. In order toidvihese concerns, it could be
interesting to develop and improve automatic apgtea of optimization linked to
the simulation model. This could lead to time sggirfor manager during the
parameterisation step.
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