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Abstract— Hospital At Home (HAH) is a concept slowly expandig over

time. At first this type of organization was used @ accomplish low-
technical tasks. The main objective was to increaseed availability in

hospitals for new patients. Nowadays, HAH structurs are able to
undertake more technical complex care such as (butot limited to) end-

of-life care, chemotherapy and rehabilitation. Thisarticle accomplishes
two main objectives: (i) in the first part we propcse a comprehensive
literature review dealing with the comparison betwen traditional

hospital and home care structures from an economistandpoint, showing
that results are highly dependent on initial condibns of the study
(patient health state, territory settings, bio-medtal parameters); (ii) in

the second part we propose an unbiased economic quamison approach

between health care provided in traditional hospith and home care
network using formal modeling with Petri nets and dscrete event
simulation. As an example for the comparison a muHsession treatment
is proposed. Various scenarios are tested to ensutieat results will be

maintained even if initial conditions change. Releant performance

indicators used for comparison are economic costsoim the point of view

of the insurance and economic costs related to theonsumption of
resources. This work was founded by the Rhone-Alpe®gion in France

as a part of OSAD project.

Keywords- HAD, HAH, Hospital at Home, Cost comparis
studies, Simulation.

. INTRODUCTION

Hospital At Home (HAH) is often presented as an antgnt

organization of health care in developed countri€his

alternative is interesting for several reasonsh agcexpanding
the coverage of rural regions and
satisfaction. The economic stake is to maximizebibeefit of
these advantages avoiding drastic costs increas@p@ring
HAH with traditional hospitalization can provide afsl

information to healthcare authorities when decidiogcreate
or not new HAH structures.

Experiences of hospitalization at home are not wmarous.
Technical care (such as chemotherapy, blood traiwsfu
rehabilitation...), once devoted to hospital, mighiwn be

dispensed at home, but experiences remained logdl a

isolated. The first step of any study is the feitigfat home in
terms of bio-medical impact and security of care péstulate
that authorities will not allow healthcare to bendaat home if
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there is a medical risk for the patient. Then thesgon of
motivation for home care will be related to the tcad

allocated resources and to patient perspectiveludimg

quality of life, access to care when hospital isffam their

home, and other satisfaction criteria. For the castd

resources perspective, technical difficulties existe first one
is the perspective chosen when we calculate cosdtat are
the costs that will be included? Who is chargecdhwitese
costs? How these costs will be calculated? Isriglterm or
short term costs? The result is highly sensitivethiese
guestions and the same situation could lead toerdifit

conclusions when different costs are evaluated.

In this paper, we propose a new methodology to neke
unbiased economic comparison between HAH structanes
traditional hospitalization. To do so, a genericltreassion

treatment is modeled using Petri nets, taking atcount bio-
medical parameters and patient health status usimg
Karnofsky score. Discrete event simulation is thesed to
assess the model validity and perform a sensiviglyais to

evaluate the impact of initial conditions on theults. Finally,

various simulation scenarios are established telade about
the economic pertinence of HAH structures

The remaining of this paper is organized as folloiv.

comprehensive literature review on HAH versus tiadal

hospitalization comparison is presented in SeclionThe

increasing patierstrategy to establish an unbiased comparison betweH

and traditional hospitalization from an economigalint of
view is presented in Section Ill. A formal modelings Petri
nets is presented in Section IV. Data collectiod analysis is
described in Section V. The simulation study isaded in
Section VI along this the sensivity analysis of tiali
parameters, simulation scenarios and results. IFjnal
conclusions and perspectives are proposed in $€e¢tlo

I LITERATURE REVIEW

A comprehensive literature review is presented fidep to
understand the added value of HAH structures coetpéo
traditional hospitalization under various condisonAll



articles presented in this literature review wetblighed in
the nineties and later, implying that home healitec
organizations became a fundamental actor in théthheare
landscape during the last decade in developed Gesnihe
guestion about its pertinence and its cost-effecss is
recent.

The research was conducted in various databases the

nineties to nowadays, including (but not limited) tthe

National Library of Medicine (of the National Insties of
Health, USA), the Cochrane database, the PubMeabds¢,
the Centre for Reviews and Dissemination (of theidval

Institute for Health Research, UK), the Nationalid&line

Clearinghouse (USA), the European health for athibase (of
the World Health Organization, Regional Office teurope)
and the Institute of Health Economics (Canada) tioe

English-speaking bibliography. The bibliographicsearch
strategy is presented in Table 1.

TABLE 1

The literature review is divided in three secticlepending on
the perspective used for the comparison between thAH
traditional hospitalization: bio-medical perspeetivpatient
satisfaction, and economic stake.

Bio-medical perspective

Some studies show an equivalence or advantage bf tH#n
the bio-medical perspective for several medicahttreents:
colorectal cancer chemotherapy (Boreasal 2001), perinatal
services (Gouletet al 2001), multiple sclerosis treatment
(Chatawayet al 2006), dementia treatment (Tibaldi al
2004),
respiratory disease (Rodriguez-Cerrillet al 2009), hip
replacement, hysterectomy, elder illness and ratpiy
obstructions (Shepperd & lliffe 1998), chronic ahstive
pulmonary disease (COPD) (B. Laft al 2005; Shepperdt

al. 2009), cellulites (B. Lefét al 2005; Shepperet al 2009),
and others illnesses needing acute care (Shegpald2009),
cardiac rehabilitation (B. Lefét al 2005; Sheppercet al
2009; Richardet al 1998; Hermizet al 2002), community-
acquired pneumonia (B. Lefét al 2005; Shepperat al
2009). HAH is also an effective healthcare provifterelder
patients requiring acute care and suitable foryedidcharge
(Richardset al 1998; Hermizet al 2002; Bruce Leffet al
2009; Bruce Leffet al 2008) and for behavioral disturbances
such as agitation, aggressiveness, feeding andpistee
disorders (Tibaldet al 2004).

Patient satisfaction

Patients at home satisfaction was also studied ariows
studies: satisfaction is generally higher compaoetaditional
hospitalization (Borraset al 2001; Gouletet al 2001;
Richardset al 1998; Hermizet al 2002; R. S. Tayloet al
2007; Shepperét al 1998) but not in the case were the bio-
medical output was not adequate (Sheppsrél 2009). It

also has been proven that patients who alreadyahadre
episode at home are more favorable to HAH thanitioaal
hospitalization (Rischiet al 2000; Barcal&t al 2006).

Economic stake

As said before, there is an economic stake by doiring
HAH in the healthcare system. Some studies compatk
alternatives with different economic criteria foumgl that
HAH can have economic advantages over traditional
hospitalization (Borragt al 2001; Chatawat al 2006; B.
Leff et al 2005; Carréret al 2008; Remonnagt al 2005).

In these studies, it has been proven that the tiseditional
resources was not significant. A very importanuéssvhen
comparing structures with economic criteria is ttegure of
the cost studied and who is paying for them.

From the insurance point of view, HAH is interegtin some
studies (Chatawagt al 2006; B. Leffet al 2005; Barcalat
al. 2006; H. Andersoet al 2003; Oterino-de-la-Fuentt al
1998; Launois & Perrocheau 1996; Coastt al 1998;
Vergnenegrest al. 2006; Fricket al 2009; C. Andersoest al
2000). In some cases the economic pertinence of HAH
compared to traditional hospitalization dependspatients’
health status and disease gravity (Bogtal 2001; Goulett

al. 2001). Contradictory evidence was found in (Sleegpp
lliffe 1998), (Frick et al 2009) for COPD. For the same
authors differences in points of view and cost ywred make
impossible to conclude which is the best struc{@keepperd
et al 2009).

From hospital perspective, HAH delivery of healttleca
services can be more expensive (Rischinal 2000). In
particular, medicines are less expensive when nethag

non-massive pulmonary embolism and acutelirectly in a hospital pharmacy (Launois & Perrcané 996).

This problem can be solved if the HAH structure kgor
directly with a hospital pharmacy.

Finally, it is difficult to conclude about the eamic
pertinence of HAH compared to traditional hospzation:

From the insurance point of view, HAH organization
can produce savings for definite illnesses, espigcia
for those with long treatment but where the care is
punctual, like end-of-life care and rehabilitation

issues.
- HAH can produce the same bio-medical outcome
quality with fewer resources. However, such

economic benefit has not been proven on the long
term, especially taking into account long multisess
treatments. Additional factors may impact the
economic viability of HAH structures, such as sbcia
and epidemiological parameters, or drastic chaimges
health policies that can occur.

Results are highly dependent on the initial condsi

of the study: geographical distribution of patients
health status of patients, or resources to take int
account.

Patient health status impact on economic pertinence
of HAH is unclear: high cost variation may occur
when long term ilinesses are treated.



Economic comparisons using traditional approaches a
difficult to perform when introducing a new pricirsgale for
activities, materials or medicaments. Difficultigs calculate
costs in reality tend to prove that the questiooualthe most
efficient structure cannot be answered in absdkras but in
some conditions-dependent terms.

The proposed literature review is summarized inld®8 and
3. In Table 2, articles comparing home-based hakspdttion
and traditional hospitalization with non-economitteria are
presented, including results of the
(advantage/disadvantage for each), type of study @sed
criteria. Table 3 present results of the compariseith
economic criteria (illness, amount of patients,tgdaken into
account, stakeholder).

TABLE 2
TABLE 3

Finally, in Table 4, the research articles are sifesl
regarding to illness and criteria (bio-medical iripauality of
life, patient preferences, caregiver stress, costs)

TABLE 4

I1l.  MAKING A UNBIASED COMPARAISON BETWEEN
HOSPITALAT HOME AND TRADITIONAL HOSPITALIZATION

Position of the problem

The literature review proves that comparisons betwe
hospital at home and traditional hospitals is vasBessed from
a clinical point of view. However, economic comgaris are
lacking, implying additional investigation. Theredo the
question about unbiased comparisons is approaahetlis
article using a formal simulation model as wellaasensivity
analysis of initial parameters.

To do so, we chose to describe a generic multeessi
treatment, which requires various care episodespétients
(such as chemotherapy and blood transfusion
Myelodysplastic syndrome). The proposed model nhest
generic enough to be applied to a wide range df.dar this
case, a treatment is made of a certain number sdicges
following a therapeutic plan.

As shown before, comparisons from an economic g@intl
are difficult to undertake for three reasons:

1. Point of view:Costs and resource consumptions vary

depending on the actor. Hospital point of view is
often used for cost calculation in the literature
(Lanois & Perrocheau 1996, Rischet al. 2000,
Oterino-de-la-Fuentet al. 1998 and Shepperet al
1998). Studies from the hospital standpoint cary onl
be used to adjust organizational strategies ofitedsp

comparison

in actor’s behaviors and resource consumptionén th
whole system should be studied.

Costs of resourceslt can be useful to compare
structures using resource consumption along with
costs. In this case, time horizon must be takeo int
account (especially in the case of multisession
treatments where resources costs can vary) in eoder
provide an unbiased comparison.

Assignment of patients to structuré$AH structures
and hospitals have different advantages. A stractur
may be able to provide care for certain illnessih w

a lower cost. Thus comparing hospitals and home-
based structures without taking into account
treatment characteristics and patients assignncants
result in a bias for the study. For example, it rbay
interesting to define different rules to assigniqras

to HAH structures by using precise parameters such
as distance from home to hospital or patient health
status.

In order to perform an unbiased comparison betweA
and traditional hospitalization, we propose a ndrategy
taking into account the aforementioned remarks.ofmél
modeling using Petri nets (Proth & Xie 1995) ispgweed to
describe a generic multisession treatment that dcdug
undertaken by HAH structures or hospitals indifféhe A
discrete-event simulation model is also proposedtest
various bio-medical and organizational scenariosci®te-
event simulation (DES) is an useful tool to compaiféerent
structures without bias, as it will be explainetéfa This tool
has proven to be a successful in healthcare otz
problems(Buthioret al. 2010) and especially for multi-session
treatments simulation (Santibanet al 2009) like the
reduction of waiting times (Sepulveda&t al 1999);
improvement of patients flow (Baesler & Sepulve882) and
planning of activities (Werkeet al 2009), increase capacity
(Eldabi et al 1999) or as a decision aid tool (Angedisal

03).

Assumptions The following assumptions are taken into

foLccount:
1. The point of view of the society is preferred, even
impacts of policies on hospitals are important.
2. Main performance indicators are (i) use of resosirce

(cost of human and material resources) and overall
costs, that are detailed below.

Treatment characteristics are defined for all pasie

as well as the structure assignment decision taking
into account biomedical parameters.

IV. MULTISESSION TREATMENT MODELLING

and not healthcare system policies. To developethesPatient health status modeling
policies, society perspective should be preferred
because of its higher standpoint; moreover, changes



Patient's health status is the most important rsgtf the
model considering bio-medical parameters because
determines in a multisession treatment (i) the rembf
session of each protocol, (ii) the length of sessi@nd (iii) it
can be used to implement a selection rule (treatmehome
or in the hospital). In order to model patient’slle status, we
choose the Karnofsky Score, defined in Table Swilt be
updated by using Equation (1), whérés a parameter that can
be adjusted depending on the simulation (as shov8ettion
VI). Patients will leave the system if (i) the Kafaky score
turns to 100 (full recovery) or 0 (death), (ii) thds a serious
incident in a session (patient is transferred toaante care
unit), or (iii) the treatment is finished (protocodmplete and
no new protocol). If the Karnofsky score decreabastically,
medical activities in the health-care session kdlllengthened
(patient in a bad condition). The length of sessisnupdated
with and adjustment time inversely proportional toe
Karnofsky score as shown in Equation (2).

TABLE 5

Mew Kamnofksy = Karmofsky + TRI(—5, 0, b} Q)
. __ adjustmenttime
Adjustment = ~ Kamoly (2)

In addition, the following assumptions are proposedtick to
the reality:

1. Transportation of patients from home to hospitdl wi
be reported to insurance for reimbursement.
Delivery services of medicines at home have irdinit
capacity.

2.

3.
on the overall cost of system, so it can be negtect
in the process modeling.

Process modeling using Petri nets

Petri Nets (PNs) provide a logical representatidn thee
simulation, readers are referred to (Proth & Xie99Q9for
introduction and presentation of Petri Nets thedfigure 1
presents the Petri net modeling of a generic nadsi®n
treatment, composed of four main processes: (iupset
treatment (sub-net SN1), (ii) control session (sab-SN2),
(i) setup session (sub-net SN3), and (iv) thesimsitself,
that can occur at home (sub-net SN4) or at theitadgsub-
net SN5).

A multi-session treatment is characterized by #ypetition of
an unchanged health-care session. The process wsitirtthe
definition of treatment (i.e. main medicine, numbésessions
and place of session). Before each session, a otoistr
performed to establish if patient's health statliswa the
session to continue as planned. Results from thigral can
trigger a consultation with a specialist wheretteatment will
be redefined. Finally, the session is realizedlasrned in the
treatment.

[FIGURE 1]
it
ResourcesFour resources are considered in this example: (i)
Nurse (Pr3), (ii) Specialist (in case of chemotpgras
oncologist, Prl in the petri net model), (iii) Cdoration nurse
(Pr2) and (iv) Hospital Beds (Pr5). Some coordorati
activities require a medical expertise, like regev
information from patients and the coordination\dtiéis in the
setup of the session. These activities are perfdrrbg
coordination nurses while the medical activities performed
by nurses.

Processes:Setup treatment process starts when a patient
arrives to the system. If a patient enters theesyswhen it is
closed, he will wait until next day (but this timéll not be
counted in the waiting time). Since some patierasehto
come back after sessions, it is difficult to manatgly
arrivals in both structures separately. The erffigtients) flow
through model is the following: patients arrivehtospital [TO]
where treatment is defined by specialists and dpatidn
nurses. After registration [T1] the patient enténs the
consultation [T2] with the oncologist [Prl] wheréet
treatment will be defined. Then, a coordination seufPr2]
will gather the relevant information [T3] and a sei{Pr3] will
evaluate the parameters and apply the selectienTdl]. This
selection rule is used to decide if a patient gagplyato home-
based treatment or not. Since this decision castidedly
change the performance of the system, differemesaes will
be tested during the simulation. The following #igion
correspond to coordination activities such as engwrman
resources for treatment (assign a responsible ntacb the
free-lance nurse), ensure material for treatmemt ansure

Processes inside the pharmacy do not have an impag¢pport medicaments [T5], all performed by a cawation

nurse [Pr2]. After transition [T4], the process céntrol
session begins. Orders of biologic samples willsbat [T6]
and two different paths can be taken. If patientanofsky
score is below a certain value of paramekarhofsky limit to
send a nurse to take biologic samplesfreelance nurse will
be sent at home to take the samples [T7], otheritisse
assumed that patient will do the necessary to peobiologic
samples results from a laboratory [T8]. Dependimgy the
results of the biologic samples analysis, the aightion of
the session [T9] is given by the specialist [PiL}esults of
this analysis are bad, a consultation [T10] witis &pecialist
[Prl] is triggered. These two decisions are colgdolby
parametersdreen light percentageand“Sessions cancelled
after consultation” Otherwise the process continues.

If the session is authorized, the process of seigsion is
triggered. This process starts with three actisitad setup,
similar to the ones done already for treatment: uesmghe
human resource for the session, ensure materialsthi®
session and ensure the session medicines (in tbe oh
chemotherapy, send the chemotherapy order to plegima
[T11]. These three activities are performed bydberdination
nurse [Pr2]. The session can be held at home bospital.
Session at home (sub-net 4) begins with the agtioit
installing patient in bed and performing some oontr



operations (such as controlling patient's bloodspuee and
temperature) [T12]. Then equipment is installed3[rand the
free-lance nurse [Pr4] waits until the end of smsgir14] or
until an incident occurs. In order to simplify theodel we
assume that incident arrive only at the end ofisastme.
Since both structures are equivalent from the béalical
output standpoint, this probability is the same.real-life

hospital is 379.14 €. Price of patient transpastatis equal to
11.48 € + 0.83 €/Km.

Cost of session at home-based structure has a fiixdcand a
variable part. Fixed part is the sum of 101.01 € fo
coordination activities, and 23 € for authorizatiof the
doctor. Variable part is the working time of libkraurse:
47.25 € if the session length is less than 1h3@, 3h5€ +

example can be found for ambulatory chemotherapy ii8.5€/h otherwise. Cost of medicine delivery is€/Km.
(Buthion et al 2010), where authors analyzed historical datdDue to difficulty of gathering real data (Santibaret al

and found probability close to 0.018%,. In casencident,

patient must be transported to hospital and wilit e¢ke

process [el], otherwise start over the controlisasgrocess
[T22].

If session is held at hospital; activities canaliffPatient must
register [T15] and wait until a bed [Pr5] is freeke installed
[T16] by a nurse [Pr3]. Control operations and itm&tall of

patient are done [T17]. A difference with sessiorh@ame is
that while patient is waiting for the session tuigh [T18], the
nurse is idle to perform other operations. Whesisestime is
past, the nurse [Pr3] finish the session (uninspatient,

cleaning material, update patient’s file and so [p19]. If an

incident occurs, patient exits the simulation [effjerwise the
process of control session (for the next one)ggéred [T21].

In the following section, we describe the data exlbn
performed during a field observation in order toovde
relevant inputs to the simulation model.

V. DATACOLLECTION

Data was gathered during three weeks of field-alagem in a
HAH coordination network and in an outpatient seevdf a
hospital in Lyon (France). The observation was $eclion
modeling the process including relevant resoureesyities

and interactions between them. At hospital the gsecis
performed in two units: (i) a coordination unit, evk

treatment is defined and consultations were hebd; @) an

outpatient unit for the session itself. The cooation unit is
composed of specialist and coordination nurses ewttile
outpatient unit of the hospital is composed of baaid nurses.
Pharmacy related process is not taken into accourhis

work, because they have the same behavior at hosmtd
home-based treatments for the most part.

The HAH structure shares the coordination unit wilfe

hospital but healthcare services are deliveredemifftly:

coordination nurses contact free-standing nursepetrform

sessions at home. These free-standing nurses abumdant
resource, especially in urban zones. In case ddcaident at
home, the patient is transported to the hospitalraipulance.

Costs of treatments are calculated taking as ampgbeathe
ambulatory chemotherapy in France. Obviously,
parameters must be adapted depending on the pgyhalal
the country. Costs are calculated from the inswgmaint of
view. At hospital, the price paid by insurancehis sum of: (i)
price for staying in the structure, (ii) price ofedicine and
(iii) transportation of the patient. Current prifter staying at

2009) some parameters in the model must be cadithrdio do
S0, a sensitivity analysis is required as preseimt&gction VI.
These special parameters are the (i) the Karndfsleghold to
send a nurse to do the control visit, (take thdolgic sample
in the example) that is set to 40, (i) the healtttor
adjustment (5 min) for changing operations time @iidthe
Karnofsky score change after a session (initiaky at 5
Karnofsky units).

Finally, required parameters for the simulation elodre
listed below. These parameters are used to deiiinelegion
scenarios.

1. Structure selection rulehis rule is used to send a patient
to a home-based treatment or not. Four differeleisrare
tested: (i) when a desired bed load at hospitedashed,
the following patients will be sent to the homedzhs
structure; (ii) using a certain percentage thresh@br
example 50% of patients are sent to each oné)pased
on the approved list of medicines. Some legislation
forbids delivering some medicines at home. This maea
that all possible medicines will be delivered atrigo (iv)
healthy patients will be kept at hospital. Sincsuirance
will pay an average price for treatment, patients
consuming fewer resources (in a good health statilk)
be sent to the structure with higher marginal costs

2. Resource amountswumber of beds at hospital, nurses,
coordination nurses and oncologists.

In the following key elements of the simulation rebduch as
parameters, key performance indicators and sinmuati
elements are presented in the following section.

VI.  SIMULATION
Model validation and sensivity analysis

A sensitivity analysis of the hypotheses is progdseorder to
know their impact on costs, thus eliminate the hraghe
comparisons. Hypotheses in the model are modeléty us
variables (Karnofsky limit to send nurse to takeldic
samples, adjustment health factor, Karnofsky chaafier
session, green light percentage, and percentagarafelled

thessessions after consultation). Table 6 presentsntipacts of

the hypotheses as a percentage of costs for theaimse.

TABLE 6



The model was validated by tracking a group of gras
through the simulation in various scenarios, ingigcextreme
cases (increase of demand), in order to provediat behind
the model is valid. The model was extensively dised with
health-care professionals and practitioners of wmitdeal
network of healthcare (an example of a home-basedtare
treated in this article). As presented in TableeSults are not

selection rule (SR) are presented. Scenario nurhbef the
BSR in Table 7 was used as base scenario tablesd 8.an
Table 9, columns two to four presents the occupatide of
the respective resource and column six presentatieeage
waiting time in minutes.

TABLE 8

sensible to most of the hypothesis. The most sknsib

parameters are the change of the Karnofsky scdes Hfe
health-care session and the percentage of canselesions
after consultation. These two parameters were\saidl-and-
error until the total number of sessions in theuation was
close to reality.

Simulation results

Various experiments are provided to show how resah

economic comparisons can change depending on

parameters of system. The first important questiostudy is
patient triage: which patients should leave ho$pita be

treated at home? In reality this decision is takgrhe doctor
responsible of treatment and the patient. Howeveeris

difficult to model such decision because varioupety of
parameters (social, medical, affective) are takeo account.
In this first experiment, we model the decisionngsifour

different selection rules, based on: (i) a cerfaéncentage of
patients, (ii) the occupancy level of outpatienit,ufiii) the

approved list of medicines (French legislation fdsbto give
home-based treatments for some medicines) and tiig)
health condition of patients.

Required number of replications to ensure a confideof
95% for different measures was 25 (Kelton & Law @00

TABLE 9

Several facts are shown in these results. For elearie
changes in resource consumption show us how opefirg
home-based structure will change the assignmenessofirces
at the hospital. Bed utilization can be highly reeldi (around
55% in pools selection rule) showing how HAH caruked to
control both the flow of patients and the consuowptiof
resources at hospital. Obviously, such decreasebed
theilization is counter-balanced by an increaseni utilization
of coordination nurses (around 22% in the same $Ris is
important because, even if it is not in within $wpe of the
study, there will also be an increase use of ftaaeing
resources. In this study we suppose that regiorsaevbatients
live have enough free-standing resources to urkierthe
demand hospitals will not accept (which is the casédhe
Lyon region). However, there can be a leak of tading
resources in low populated territories or high dtag cities
making the development of HAH difficult.
The main difference between SR(i) and SR(ii) lieghe fact
that in SR(i), specialists must only know the patage of the
patients that he has already sent in each strustitfeout
taking into account levels of activities. In SR(i§pecialists
must know the current level of activity of the fikand home-

These experiments were performed using 1,000 patienbased structures. Such results compound with titénfjs of

arriving in the system with an inter-arrival timalléwing an
exponential distribution with a mean of 40 minutesorder to
compare results, a base scenario is simulated sifin¢lation
horizon is 200 days. Hospital is open 10 hours gay;
however, if resources are busy after closing tithey must
finish their actual task (overtime). This is whyposted
resource utilization may exceed 100%.

Different hospital configurations were tested bwmting the
number of available resources (beds, nurses, auairdn
nurses and oncologists). 10 different configuragioonstitute
the experiments, presented in Table 7. In the Isasection
rule (BSR), all patients are treated at hospita Huex of the
scenario is given in the first column; the scenandea.b.c.d
stands fora number of bedd) number of nurses; number of

coordination nurses and number of specialists at hospital.

The table presents the total cost for the insuratheeaverage
percentage of utilization for every resource arelntbmber of
protocols and sessions. Relevant performance imd&are
the different costs for the insurance and the nesou
utilization for the hospital. In the following, senal selection
rules will be tested and compared with the «nornhaisavior
of the hospital.

In Table 8 and Table 9 the mean values (of differe

configurations) of key performance indicators foacle

(Armstronget al. 2008), where authors showed that a lack of

“pressure” on oncologist was the main explanatibra dow

activity level in the home-based structures.

In France, legislation forbids the delivery of edmttypes of
chemotherapy at home. This type of decision caadapted
to the multi-session treatment studied in thiscketi Every
year a new list of authorized chemotherapy moleclte
available. SR(iii) delivers the treatment at honverg time

that the specialist has prescribed an authorizediaine,

otherwise the patient will be treated at the hadpithe results
of SR(iii) are similar to SR(ii). These results angghly

dependent on
treatments. In this case specialists are criticedra since they
will define the behavior of the system.

Another important issue that can affect the resuwts

economic comparisons is the cost of free-standasgurces.
This cost change often in reality. In some low dgn®gions

or high standing cities, free-standing resourcesexipensive.
In other regions they can refuse to deliver higthtécal care,
leading to the need of using additional and costsources.
Economic comparisons cannot neglect the possidags in

free-standing costs.

Discussion

the probability of choosing authorized



It may be difficult to control the patient flow hbspital using
only one selection rule. In reality, decision makaiill use a
mix of selection rules depending on features ofdnectures,
nature of the territory and other informatioli. decision
makers are interested in marginal costs, they mighprefer
the pool selection rulesince it gives priority to structure that
have expensive fixed costs. To the contrafy,decision
makers are concerned about coverage of hospital, ¢k

As it can be seen, HAHS can be used to controlisupdove
patients flow on hospitals. Decisions about offgran multi-
session treatment at home must be taken, not @dguse of
economic impacts on hospitals, but also becaugellaws
strategic goals of the organization. This decisionst be
issued following a strategic analysis. Some impurta
guestions are: How newly available beds shoulddeel in the
hospital? Which territories will be covered? Whatthe best
logistic strategy for delivering the medicines?

may choose one based on authorized medicines and The next step of this study consists in introducimgre

encourage sending patients to HAH leaving space at
hospital for other types of treatments. It is diffit to give a
“golden rule” for selection of treatment location.

Results on economic comparisons can change if peasof
the system change. Discrete-event simulation isowepful
tool to overcome these changes giving the decisiaker the
opportunity to test different scenarios before igkdlecisions.
Introduction of health status and geographicalritistion of
patients in the simulation let us know the impoctamo treat

elements of decision like the localization of trespital (rural

or urban), potential new treatments at hospitadfgasionals
skills and additional activities like routes plamgi New
selection rules may be designed to take into adcoun
information about geographical position of patient$
patients, or economic status of hospitals. Anoffegspective
may lead us to consider pharmacy activities anerdibnurses
conditions (capacity and probabilities to refusme@atients).
These activities can be critical in other HAHS.

the question about the economic pertinence by fpeci Finally, it may be interesting to introduce elenserggarding

scenarios and avoiding universal conclusions. Thaisk
decision tool can be used to explore different ibifiges
about the system (concurrent hospitals,
geographical distributions) about the treatmentsaiiges in
incident probabilities and operational times) armbw the
structures (available resources, resources schedaled
capacities).

VII. CONCLUSION AND PERSPECTIVES

Economic comparisons of structures are difficult nake

because of various aspects involving the stabilaf

conclusions and results in time. One of the maasoes is the
difficulty to make a neutral comparison taking imtmcount the
original purpose of structure and environmentalditions. In

order to overcome these difficulties an approael tidikes into
account both health status of the patient and deapbic

information was proposed. This approach lets uspesenand
study different structures for delivering a mukission
treatment at hospital and/or at home. Four selectites have
been tested in order to study the possible behaviothe

system when offering home based services and ipadis
inside hospitals.

It is important to consider also the role of spksis, even if a
coordination cell exists to decide the locationtrfatments:
specialists can prescribe a medicine that is ndtdted in the
authorization list and patient will not even be sidered for a
HAH. A lack of "pressure” or motivation to send jesait to

HAH structures can be an important factor of thenetnic

failure of these structures (even if their utilinatwould result
in a better global economic performance). This Iyt is

very important to give them high quality informatiabout the
actual state of the hospital (level of activity,eusf critical

resources and economic strategies) at the riglet tim

production and distribution of medicines. Some intgat
guestion that may be studied in the following &kénich is the

urban-rurampact of the pharmacy operations in economic perémce

of structures? Which is the impact of geographitstribution
of these pharmacies? What are the impacts insidietstes
caused by changes in geographical distribution?
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