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ABSTRACT

The expected demographic changes, and especially the rise in life expectancy, will considerably
increase elderly patients” demand for healthcare. There are different strategies that can offer better
care for these patients, reduce their unnecessary visits to the emergency departments, and in
consequence, reduce the number of hospitalizations and days at the hospital. This study employed
system dynamics to analyze the economic and quality-related effects of different closer care strategies
such as investments in care coordinators and mobile health clinics, as well as to offer proactive care in
the primary care facilities for elderly patients. The results indicate that a combination of the different
strategies will support better care for patients, will reduce hospital costs and will reduce the existing
pressure on the emergency department. The paper also reflects on the process followed to conduct the
study and the lessons learned.
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1 INTRODUCTION

There is an increasing pressure on healthcare policymakers to design systems that will be sustainable
in the future (Lyons and Duggan, 2015). This is a challenging task, taking into account the expected
increase of the aging population, e.g., the actual world population aged sixty years or over will be
doubled by 2050 (United Nations, 2017). Additionally, the rates of chronical diseases and
multimorbidity are expected to increase in elderly patients (Lindgren, 2016), which in consequence
will increase the demand on the healthcare system and the economic pressure on healthcare providers.

According to Lyons and Duggan (2015), there are different factors that characterize the healthcare
infrastructure: 1) exogenous factors associated with population dynamics (demographics, lifestyle,
etc.); and 2) internal decision variables associated with policy measurements as well as the
development of the healthcare services to respond to the existing demand by the exogenous factors.
This paper focuses on the analysis of the second factor and tries to analyze the impact of establishing
policies and to develop the healthcare services to offer a closer and better care for elderly patients (65
years or older), and at the same time, to minimize the care they require from the emergency
departments (ED) and the subsequent hospitalizations and days staying at the hospital. Different
authors have defended this approach stating that to offer timely and effective primary care (PC) can
even reduce hospitalizations, and thereby, avoidable complications during hospitalizations for these
type of patients (Boyd et al 2008).

There are different operational research methods and tools that can be employed to support
healthcare policymakers to make better decisions, some of them are reviewed in Hulshof et al. (2012).
Simulation is a popular technique, and different studies employing simulation to support healthcare
system design and improvement have been reviewed by different authors (Brailsford et al 2009;
Katsaliaki and Mustafee, 2011; Mielczarek and Uziatko-Mydlikowska, 2012; Salleh et al 2017).
When the problem under study has a dynamic nature and there is a need to understand the
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interconnections between the different parts involved in the system, System Dynamics (SD) is an
appropriate tool to be employed (Linnéusson et al 2018). As discussed by Senge and Sterman (1992),
it enables multiple testing with the objective to question own mental models, and at the same time, it
questions the underlying values governing the system. Different authors have studied the dynamic
complexity of restructuring the healthcare systems via SD, such as in Homer and Hirsch (2006), as
well as in the examples provided in the reviews by Kunc et al (2018) and Chang et al (2017).

This paper presents the results of a case study using SD with the aim of analyzing the effects of
the development of closer care strategies for elderly patients including multimorbidity patients and
frequent attenders (FA). To the best of the authors’ knowledge, this approach has still not been used to
analyze the dynamics of this problem. Besides the traditional case study report, this paper also
presents a reflection which analyses the process and learnings from the multiple trial and error search
for a problem focus, subsequent problem behavior to be modeled, its consequences to the model
building process, and how the results supported decision-making.

The article is structured as follows: Section 2 presents the background on how and why the
project was done; Section 3 describes the method and steps applied to conduct the project; Section 4
elaborates on the details about the qualitative SD model; Section 5 briefly presents the quantitative SD
model and overall simulation results; Section 6 includes a reflection and lessons learned during the
project development; finally, Section 7 reveals the conclusions and future work.

2  BACKGROUND

As an important step towards quality in care, the region of Vistra Goétaland (VGR) in Sweden is
working on an initiative to offer closer care to patients. This includes four areas of action: 1) to
develop the organization to offer closer care; 2) to concentrate the offered care to achieve better
quality and availability; 3) to develop digital care services; and 4) to focus on quality-driven
improvements. Some of the main motivations to work with closer care actions are related to increase
the quality of care provided, as well as to decrease existing waiting times, queues, and rising costs for
hospitals (Taylor and Dangerfield, 2005). The lack of coordination and availability, as well as a
reactive and non-person-centered focus which usually has characterized PC, has influenced the
behavior of patients that prefer to go to the ED, sometimes unnecessarily.

Elderly patients are a specific group of patients who have continuous care need and contribute
with a considerable amount of visits to the ED and hospitalizations (LaCalle and Rabin, 2010).
According to data from 2016, elderly people (65 or older) in VGR were around 320.000. Of these,
around 14% were patients with multimorbidity, and around 1,56% of them were FA in the ED, which
means that they visited the ED at least four times in one year (the most common definition of FA,
according to LaCalle and Rabin, 2010). The details of these patients are shown in Table 1.

Table 1 Data about elderly patients’ non-planned hospital services usage.

Parameter Multimorbidity frequent Multimorbidity patients Non-multimorbidity

attender patients — non frequent attenders patients

Total persons in the region 5.000 41.000 274.000

Average amount of ED visits per year 5,5 0,9 0,3

Average amount of times the patient is hospitalized 33 0,7 0,1

per year

Average amount of days per hospitalization 6 10 6

% of patients with avoidable hospitalization 15% 2%

% of patients returning to the ED and being 5% 1%

hospitalized again after 1-30 days

Even if the eclderly are a relatively small group of patients, the number of visits to ED,
hospitalization rates and length of stay at the hospital are considerably high in comparison to other
groups. These variables have been identified as one of the major causes of ED overcrowding (Moskop
et al 2009). Therefore, analyzing how to offer closer care for this group of patients was prioritized.

Multimorbidity FA patients within this group have the highest number of visits to the ED,
hospitalization rates, as well as the highest avoidable hospitalization rates. The data show that many
of these patients were hospitalized unnecessarily and that a considerable percentage of them were
coming back to the ED in the period of a month.
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Different actions to offer closer care performed in specific municipalities of the region reported
very good results in terms of quality of care provided and cost savings. For example, to have care
coordinators in charge of coordinating the care offered to elderly patients arriving to the ED together
with the community-based services and PC, as well as to introduce a survey about the status of the
elderly patients, helped reduce the amount of time the patients were waiting in the ED, reduced the
number of patients being hospitalized, and reduced even the number of patients returning back to the
ED within a month. Another tested action, which proved to reduce the number of visits to the ED, is
to have mobile health clinics including a team of a doctor and nurses who visit elderly patients in their
homes or home care facilities. These patients are usually very unstable or need palliative care. The
mobile health clinics try to offer proactively high-continuity and person-centered care, as opposed to
the commonly reactive care offered both in the ED and PC. A third action that proved to reduce the
number of visits to the ED is to proactively work with the elderly in the PC facilities. Meaning that
PC visits are pre-booked systematically and more time is assigned to doctors and nurses to meet and
treat these patients. In a specific region of Sweden, this proved to reduce 20% of the visits of this
group of patients to the ED reducing, in consequence, the number of hospitalizations.

Therefore, the objectives pursued in this project were: 1) to analyze the dynamics of elderly
patients’ care-seeking behavior; 2) to analyze how different actions to offer closer care can impact the
number of visits in the ED and hospitalizations; and 3) to analyze the effect in the costs.

3 WHICH STEPS DID WE TAKE?

The steps followed to conduct the project were the ones presented in Figure 1.

Knowledge discovery

Problem Objectives (‘nmeplu al model Data Current state model Future Impm\ ed scenarios
understanding T

Q Setting of Data Model Verification What-if Decision-
formulation é ob;etu\u cm;;&;};t:ah ’ and validation » makin

Decision based
on the acquired

Preferences Limitations / constraints knowledge
healthcare system

Stakeholders/Decision makers

Figure 1 The process followed to conduct the study. Updated from Goienetxea Uriarte et al (2017).

Need;
Problem

Knowledge & experience on the

The project started with an open problem formulation about how to define closer care for all the
patients in the region. To better understand this concept a workshop was organized with the
stakeholders and subject matter experts from the PC, ED, and the hospital. Additionally, many
iterations were performed in group model building sessions to facilitate discussions about what does it
mean to offer closer care, who needs it, what is the dynamic behavior of patients seeking care, etc.
These discussions eventually helped to focus the study on elderly patients visiting the ED. After
deciding the problem to be addressed, the modelers together with the stakeholders developed the
conceptual model using causal loop diagramming (CLD) described in section 4. In the next step, a
more concrete focus was decided where specific closer care strategies for elderly patients were chosen
to be analyzed via SD, these included: 1) to have care coordinators in all the ED of the region; 2) to
have enough mobile care clinics to be able to offer the service to all in need; and 3) to offer a
proactive care in the PC facilities. Subsequently, data was gathered and the current state simulation
model was developed, as described in section 5. The model was verified and validated together with
the stakeholders, based mainly on historical data and face validation (Sargent, 2011). Then different
scenarios related to the three closer care strategies explained previously were developed, compared,
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and combined to analyze their impact in reducing the visits to the ED, number of hospitalizations and
days at the hospital, as well as costs. The decision makers were then provided with the results which
served as an input to decision-making regarding how to conduct the investments for better closer care
in the region.

The initial stages of the process, especially the ones related to problem formulation, the setting of
objectives and model conceptualization took a considerable amount of time from the project budget,
although it was on the last stages of the project where most of the knowledge was generated.

4 ANALYZING THE DYNAMICS OF ELDERLY PATIENTS IN THE HEALTHCARE
SYSTEM USING CAUSAL LOOP DIAGRAMMING

The closer care concept was considered a general fix to the healthcare system and to support reducing
the care-seeking behavior at EDs in specific. However, in order to comprehend how the pressure on
EDs could be released, a CLD was developed with the purpose to identify the potential feedback
mechanisms involved in creating this pressure. The problem structuring process explored several
potential problems eventually resulting in the CLD presented in Figure 2, which established a creative
dialogue and a deeper understanding of the problem dynamics. It was the initial articulation of the
central feedback loop of R1 which finally released the dialogue. The model includes several identified
short- and long-term feedback of events and actions that together create the dynamic forces of central
importance to better understand the complexity and inherent challenges of improving the quality of
care and its related costs. The core of the CLD is composed of two central feedback loops:
e RI1 - GoTo ED 65+: the main feedback resulting in elderly patients’ care-seeking behavior, which
creates a sustaining pressure on EDs.
o Bl — Proactive Care 65+: the main feedback which could potentially limit or enable the
development of elderlies’ current care-seeking behavior to the ED.

PC24/7 lowPrioAreaED
ED - emergency department mobileHealthClinic— B +\v +
SpC - specialist care / dccesslbllltyPC
lowPrioAmbulance ~h

PC - primary care o/ ance &
SeC - self care " GoToPC = Consulting/
homeC - home care (municipality) (\ / ]),gnzl/PhﬂllC

closerC - closer care (concept) [ percelvedAccessP( +Pl"’aCtW‘"kPC

qual - Quality /_\ proactNeed Q \\

proact - proactive GoTohD OfCare actionsTo

1d - identified / ImredseSeC

pop - population

coord - coordination / levelOf -~ + satlsfcharchcds/ ‘/ @

HCS - healthcare system + FAbekAlavior Tmst/ abllltySeC <+ Proactive Care 65+

+ (loﬁcr(,
| costED&SpC:

|- B e
queueED @ \‘ PR popHea“h totC Mn( S W\
- | totCostHCS Status
@ GoTo ED 65+ | mvestedCostlnCloserC ~4— guidedActions
ratioRiskIdPop: -+ \‘ + \
S S qu 1|
\\qualO assessmentsED \‘
AssessmentsED @ e CoordED 4 lmplSpeed
a;( N \ 4 ) o population. 1dNeedOfC: drePop ActionsCloserC ‘
eriatric - - i 5
Co%npetencies \ hOSp“SPC\‘i ‘

demographicChange

coordOfReports

ED&SpC 4| ratioRiskldPop

pcrﬁonCcmcrchC
/ \ Jﬁ

accessibilitySpC
qualOfSpC ) +

4 is + ratePopRiskld - proactActions
_ careTime walDischaree 4 'ACPoPRiskld & LD PC&HomeC
; q &€ _Zp  IHCS + S
costPerActivi PerPatient R PlanSpC & lPC/
- qual
careCoordED! \%\ + + + continuity - geriatricCompetencies:
assessmentsED: ,—j>co<lED&SpC qualOfAssessmentsSpC dischargePlan CarePC \ \
Competence
<hospitSpC ,/'/‘ b P \ careCoordPC
careCoordSpC K
<investedCostInCloserC eriatricC coordOfReports
<geriatricCompetencies> PC&HomeC

Figure 2 The main interactions between the healthcare system and elderlies use of care, using Vensim software.

The variables employed in the CLD are represented by abbreviations described in the legend in

Figure 2. In the description below, a subset of these variables and their feedback loops are elaborated
using ltalics.

The R1-loop considers how to reduce the current care-seeking behavior to the ED (GoToED). R1
is a reinforcing feedback loop that can potentially lead to a vicious cycle towards a worse-and-worse

120



Linnéusson and Goienetxea Uriarte

condition, or a virtuous cycle towards a better-and-better condition. Hence, if GoToED could be
reduced, a chain-reaction of positive effects could be expected such as 1) queueED would be reduced,
2) lesser assessments at the ED (assessmentsED) would be needed, and 3) fewer people would need
hospitalization and specialist care (hospitSpC), which would increase the accessibility of hospitals
(accessibilitySpC) and potentially improve the quality of the discharge planning
(qualDischargePlanSpC) leading to better care. However, the opposite is also considered to hold true,
i.e., lower accessibility affects time invested in discharge planning leading to a cutting-the-corner-
behavior (Repenning and Sterman, 2001).

Another key aspect brought up at the very first workshop is that in order to provide more efficient
and quality care there is a dependency on the current levels of the patients’ trust in the healthcare
system (R1-loop). In succeeding discussions it was considered that trust was closely connected to
satisfied patient care needs, to increase their health literacy, as well as their self-care. Hence, the
variable with the name satisfiedCareNeeds/Trust/abilitySeC, is a multidimensional variable with the
outcome of changing the conditions for proactiveness in the healthcare system. It is also a variable
strengthened and weakened by several other feedback loops, where the desired improved outcome is
to redirect people from the ED to more proactive ways to seek care. One fundamental aspect that
supports raising the levels of satisfiedCareNeeds/Trust/abilitySeC is a parameter called risk
identification. It is a term that represents when a person becomes a registered patient in the healthcare
system. Meaning, that a person could have repeated interaction with the healthcare system without
being risk identified, which could be the cause for becoming an FA (Kivela et al 2018). This could be
caused by the system itself through lacking quality in ED, PC, and the hospitals’ discharge planning
described above. Hence, actions to increase the rates of risk identifying patients in the healthcare
system (ratePopRiskldInHCS) are crucial to increase the number of people being identified
(ratioRiskldPop) and to reach its tipping point towards a more proactive state (wherever that might
be). Moreover, ratioRiskldPop is a level diluted by the continuous rates of demographic change,
through deaths and new elderly people. Hence, the stock of risk identified people in the system and its
connected flows are also important in order to attain the satisfied patient care needs for the population
overall (IdNeedOfCarePop).

Another part of the healthcare system with the mission to provide proactive care found in the B1-
loop is the work carried out by the PC as well as by the municipalities through home care services.
However, the level of proactive work (proactWorkPC) depends on the applied resources and resulting
accessibility to PC (accessibilityPC), leading to more proactive actions in PC and home care
(proactActionsPC&HomeC). Proactive care includes three main actions: 1) higher levels of
coordinated work in PC (careCoordPC) leading not only to better reporting between PC and home
care (coordOfReportsPC&Home(C) and supporting discharge planning at the hospitals, but also to
improved continuity care in PC (continuityCarePC) which leads to higher precision in the risk
identification of patient needs and improved quality of PC; 2) higher rates of patients being risk
identified by the PC (ratePopRiskldInPC), increasing the rate of overall risk identification in the
healthcare system leading to improved quality where a higher quality of PC (qualPC) supports
improving IdNeedOfCarePop and directly supports the level of satisfiedCareNeeds/Trust/abilitySeC;
and 3) improved person-centered care (personCenteredPC), which directly supports higher quality
care for those who are risk identified through more or less continuous monitoring.

Hence, the B1-loop identifies that proactiveness in PC is dependent on that resources are available
and utilized according to the above-mentioned actions. Here, as an example, a changed balance of
people who are seeking care, from GoToED to GoToPC, due to a productive implementation of
higher quality actions in ED and hospitals can be restricted by a limiting performance of the B1-loop.
Accordingly, improvements are needed in both the R1- and B1-loops to achieve sustainable effects on
peoples’ care-seeking behavior (proactNeedOfCare).

R1 and B1 are not the only loops in the diagram. Worth mentioning is the R5-loop, including
variables decoupled through a time delay, where the variable popHealthStatus can be identified as a
slow-working buffer affecting the overall performance of the healthcare system. In a well-functioning
healthcare system (high levels of quality and proactive work as well as high levels of
popHealthStatus) short-term cost savings may for a period cause economic benefits. Meanwhile, the
consequences of mistreatment in the healthcare system could be hidden for the decision makers — and
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the system performance! — which on the longer term will likely reach a tipping point and the general
popHealthStatus will be pushed to its threshold value where an escalating vicious cycle of a worse-
and-worse behavior in the R1-loop could be activated. While, in an already dysfunctional system, the
power of inertia from the R5-loop may diminish the results from actions to improve the R1-loop.
Hence, the popHealthStatus is potentially the memory of the healthcare system performance, which
creates inertia between actions and their effects toward the desired proactive development.

Finally, different actions to offer closer care are represented by the red variables in the CLD,
where some were recently implemented in part of the studied region as described in the background,
and others are still in their design process. Identifying their interaction with the current system
dynamics in the CLD visualizes where these actions may provide support to the desired proactive
behavior. At some local hospitals, to have care coordinators in the ED (careCoordED) has provento
reduce unnecessary hospitalizations, support the rate of risk identifications, and to identify pre-risk
patients with potential escalating FA behavior. MobileHealthClinics also reactively absorb some of
the care users which would otherwise GoToED, and provide closer care as a substitute to GoToPC
having the effect of improving accessibilityPC. At the same time, lowPrioAmbulances go to patients’
home offering basic emergency care which reduce people GoToED and send patients on follow-up-
controls in PC increasing people who GoToPC. Moreover, to offer closer care could include using
more local walk-in centers to increase the accessibility of service for low acuity emergency care, as
well as having PC open 24/7 in order to improve the accessibilityPC. Both are actions to improve the
perceivedAccessPC and relieve the pressure on the daily work of PC. These support maintaining the
required levels of practWorkPC. Similarly, the actionsTolncreaseSeC would seemingly have a direct
effect on increasing abilitySeC, yet, having in mind its complex interaction with, e.g., the
popHealthStatus which potentially can limit peoples’ receptiveness, and thus, the success of such
strategy.

Besides several more potential consequences, when analyzing the qualitative CLD using mental
simulation, we can conclude that pulling the healthcare system into a more proactive balance through
the aforementioned improvements will lead to a redistribution of how the total costs sum up
(totCostHCS); which is a function of how care users seek care (costED&SpC), strongly affected by
the current level of proactNeedOfCare, the amount of care users (population), and the
popHealthStatus which altogether affect care users to live longer healthier lives.

5 CALCULATING THE EFFECTS OF THE DIFFERENT CLOSER CARE
STRATEGIES WITH SD

The CLD provided with a systemic common view of the dynamics of elderly care users in the
healthcare system and supported processing potential focuses of the SD model. The project group
considered that all aspects could not be included in a simulation model due to insufficient data and
time. One critical group of care users were elderly with multimorbidity and an FA behavior. To
include the appropriate dynamics of this group, all the elderly population in the region was considered
as part of the model population. Initially, the focus was on identifying the dynamics of how the
elderly got into an FA behavior, but data was hard to identify and the project team experts considered
current knowledge and research to be insufficient to its support. Instead, a stock and flow structure
was developed of the elderly and their multimorbidity behavior, creating a dynamic theory that
challenged the limited one-year perspective that mere statistical data provided. Moreover, three target
groups could be identified from studying the data: Grl) elderly without multimorbidity; Gr2) elderly
with multimorbidity; and Gr3) elderly with multimorbidity having an FA behavior which is a subset
of near 11% of all the elderly with multimorbidity. The elderly without multimorbidity with an FA
behavior were so few they could be completely omitted as a group in the model.

The base structure (BS) of the model includes three parts as shown in Figure 3. These are: BS1)
care demand based on elderlies multimorbidity behavior; BS2) calculations of the number of
assessments at the ED, subsequent hospitalizations, and days at the hospital for the three defined
target groups; and BS3) the estimated costs from the care usage. The model includes three additional
parts to incorporate the scenarios of the identified closer care improvement actions: S1) to introduce
care coordinators in the ED which identify elderly risk patients coming to the ED; S2) to promote the
use of mobile health clinics which reduce unnecessary visits to ED and also hospitalizations; and S3)
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to offer a proactive PC service in terms of more thorough consultations to elderly patients which was
expected to lead to reductions in the visits to the ED.

BSI: system dvnamics over elder] BS2: calculations of consequences BS3: cost calculations based on
and .the};r mul tgﬁ orbidity behaviouz —= in the ED and SpC based on effects — cost per visit at the ED and length
on target groups of stay of the hospitalizations

\ S1: calculations of ;
implementing care

coordinators in the ED

S2: calculations of
implementing mobile
health clinics

S3: calculations of
implementing proactive
PC actions and costs

Figure 3 Simplified overview of the parts in the SD model, using Vensim software.

Additional information is found in table 2, in which the target groups included in the different
scenarios are presented, as well as the results on the employed approximate consequences to the
number of visits to the ED, the subsequent hospitalizations, and effects on the length of stay.
Regarding costs to implement the tested scenarios, S1 and S2 were already funded by the region in
previous years, thus no further investments were needed, while S3 included trading the added
resources and costs in PC to the calculated cost benefits.

Table 2 Overview of data and results of the tested scenarios.

Target group (TG) Visits to the ED Hospitalizations Length of stay Increased cost
S1 11% of no direct effect, ~30% reduction of which same already funded
(0.1*Gr1+Gr2+Gr3) reduction of revisits 83% had no hospitalization
S2 Gr2 ~0.9->0.8 /person&year . ~7% increase already funded
S2 Gr3 ~40% reduction fo;lfti\}?lvs Ee[()hilcltsll(:;ls same already funded
S3 0.1*Gr1+Gr2+Gr3 20% reduction same 2* PC visits for TG

Figure 4 displays the simulation results in two inclusive parameters, to the left totaling the costs
of the healthcare system and to the right the sum of all the visits to the EDs. An implementation
period of three years was utilized. The graphs present the current scenario (line 4) together with the
tested scenarios S1 (line 1), S2 (line 2) and S3 (line 3), and the combination of the scenarios (line 5).
With respect to costs (to the left), the combination of scenarios S5 is the most beneficial, followed by
S3. With respect to quality in care (to the right) leading to lower demand on the EDs, the effect of S2
and S3 is similar, while the combination of scenarios in line 5 is again the most beneficial.

totCostsHealthcareSystem sumAssessmentsED

8B 4.000

3.500

$/Year
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4B 2.000
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totCostsk ystem : Scenario 1 t t t t t t D : Scenario 1 t t t t t t t
totCostsk :Scenario 2 2 E D : Scenario 2
totCostsk stem : Scenario 3 —3 3 3 3 3 D : Scenario 3
totCostsk ‘B o 4 4 4 4 4 4 s D: o 4 4+ 4+ 4
totCostsk : ScenarioAll 5 5 5 5 5 5 D : ScenarioAll —5

5 5 5 5 5 5

Figure 4 Result graphs of the tested scenarios on the total cost outcome and care-seeking behavior.
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REFLECTING UPON THE PROCESS AND RESULTS. WHAT DID WE LEARN?

This section describes some reflections about the problems encountered during the development of the
simulation model, as well as some lessons learned that may serve as tips to those working with SD in
similar projects in the healthcare domain. These are:

7

Working with stakeholders with no experience with simulation: This was the first time the
stakeholders worked in an SD simulation study (although they had previous experience with
discrete event simulation - DES). This impacted mainly on the problem definition and structuring
phase increasing the difficulty to focus the problem to be studied. This was due to the complexity
of the problem, but also to the knowledge gap on defining dynamic feedback problems using SD.
It was also evident that the expectations about the capabilities of simulation to support decision-
making were unrealistic, as a decision maker pointed out: “I hope that with this study you can
solve all the problems we have at the ED”. Probably a good idea before being involved in a
simulation study with non-experienced stakeholders is to provide education to decision makers on
the capabilities of the method.

Is SD too abstract to be understood?: SD was chosen for its capabilities of including feedback,
studying short- and long-term dynamics, and due to the system-wide perspective of the problem at
hand. However, when building the CLD and later on the quantitative model, it was evident that
working with SD requires abstraction capabilities from the stakeholders that are not needed with,
e.g., DES. This is probably something that should be explained and presented to stakeholders
before starting an SD study.

Qualitative vs. quantitative: The systemic nature of SD which allows the inclusion of qualitative
and quantitative parameters makes it a very complete and flexible method, however, the
experience from this project demonstrated that the stakeholders were not comfortable of including
qualitative parameters that lacked proved evidence or statistical data to support the assumptions.
This greatly limited the completeness of the model.

Time invested vs. knowledge gained: As Figure 1 shows, the biggest gain in knowledge
acquisition comes in the latter stages of the model development process. Especially when
different what-if scenarios can be tested to see their potential benefits and drawbacks. However,
due to the extensive amount of time taken to define the problem to be studied, as well as
continuous changes in the focus of the scenarios to be analyzed, very little time was left to build
complete what-if scenarios and make a deeper analysis of the results obtained. Therefore, how the
model was used was very limited in comparison to the potential the model could have had to
support decision-making.

Trying to understand the problem vs. wanting a specific solution: An additional benefit of using
SD is to provide a base for rich discussions including a system perspective. This provides a deep
understanding of the problem under study and variables involved, which may be a good base for
decision-making. However, the experience in this project showed that the decision makers’
priority was not on understanding the problem but on getting a specific solution to the problem
instead. In consequence, the CLD was very useful for the project team to understand the problem
and the dynamics of the demand for care of the elderly, however, it was not employed by decision
makers in their decision-making process. Instead, the decision makers just pursued specific results
regarding a reduction in the number of visits to the ED and the number of hospitalizations, as well
as the economic gain and loss depending on the scenario tested. This could have been done
probably with advanced calculation worksheets instead of using an SD model.

Healthcare domain specifics: There are still many barriers to overcome for extended use of
simulation in the healthcare context. More experiences like the one presented in this paper are
surely needed as an addition to courses or training to healthcare personnel, decision makers, and
policy makers to show the potential of the method to support decision-making.

CONCLUSIONS

This paper describes a case study where SD has been employed as a method to model and analyze the
demand for care of elderly patients. The objectives pursued with the study included an evaluation of
different scenarios to offer closer care to these patients in order to increase the quality of care
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provided, to minimize the number of visits to the EDs, as well as to minimize the subsequent
hospitalizations. An additional objective involved the analysis of the cost of these scenarios. In order
to achieve these objectives, a qualitative model was designed which was valuable to open up
discussions and to define and limit the scope of the project. Additionally, a quantitative model was
also developed to test the economic effect of applying these closer care scenarios, which were 1) the
implementation of care coordinators in the ED; 2) the implementation of mobile health clinics; and 3)
employing proactive care in PC. It showed that the best results were provided by combining all three
scenarios into a forth scenario. However, this combined scenario had less total benefit than adding the
separate results from the scenario 1 to 3 due to the overlap effects from the closer care actions on the
identified target groups of the elderly applied in the model.

In addition to the description of the process and results of the case study, this article also reflects
on the journey of developing the SD model as well as the lessons learned, which may serve as an
input to other simulation modelers working in similar projects in the healthcare domain or with
stakeholders without experience with simulation projects.

The project results are being analyzed and employed as a support for decision-making on where to
invest to offer closer and better care for elderly patients, which is even economically sustainable.

Further collaboration to analyze other existing problems and improvement areas in the regional
healthcare system are nowadays under analysis, and simulation will surely be one of the methods
considered to be employed to support the decision makers in these tasks.
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