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Abstract 

The Swiss health system is sound, but expensive and the discussion on how to curb rising costs with-
out compromising quality of health care is controversial. This controversy pertains to the definition of 
an appropriate supply and to the design of adequate policy interventions. To address these issues, 
needs-based approaches are favored, but to date only few attempts have been made to adopt this ap-
proach. We propose and assess a simulation model as an instrument for a needs-based health care 
planning for an exemplary case. Our study is focused on coronary heart disease in Switzerland, follow-
ing the patient pathway from the onset of symptoms to diagnostic and therapeutic interventions. We 
suggest that the proposed model is a valuable framework to explain empirical data and to test hypothe-
ses with regard to potential overuse of diagnostic interventions. Moreover, it provides a generic cohort 
model structure to analyze a chronic disease in a population, where prognosis depends on age and time 
since first event (or the onset of the chronic disease). We identify relevant knowledge gaps and present 
suggestions for further model development.  
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1. Introduction  

The Swiss health system is sound, but expensive (OECD 2011). Costs are rising, in the inpatient as 
well as the outpatient sector. The discussion on how to curb rising costs without compromising quality 
of health care is controversial. This controversy pertains to the definition of an appropriate supply and 
to the design of adequate policy interventions.  

Health care policy interventions rely on the analysis of demand and utilization of health care services.  
For this analysis, three types of methodological approaches are distinguished: supply projections or 
trend models, demand-based approaches and needs-based approaches (SAMW n.d.). Demand-based 
approaches include the analysis of the utilization of medical services, while needs-based approaches 
include also changes with regard to prevalence and incidence of diseases and risk factors. However, 
needs-based models are deemed to be complex and challenging. For this reason, only few attempts 
have been made to date to adopt this approach. 

The objective of this project is to provide an instrument for a needs-based analysis of the amount of 
medical services for an exemplary disease in the Swiss population. We argue that a system dynamics 
approach would be appropriate as it is per se dynamic and allows for an integration of different 
sources of information. The time dimension plays an important role in health care planning, due to e.g. 
demographic ageing, changes in incidence and prevalence of risk factors for a certain disease, changes 
in medical practice, as well as technological progress. Moreover, the supply side may also change over 
time, providing non-medical incentives for delivery and use of medical services.  

For this purpose, we develop a dynamic simulation model to analyze the demand of medical services 
for coronary heart disease (CHD). The case of CHD has been chosen as an example, because cardio-
vascular diseases are the leading causes of morbidity and mortality in Switzerland ((Federal Statistical 
Office n.d.), and because only a limited number of different medical specializations are involved in 
diagnosis and treatment of CHD. Moreover, empirical evidence suggests a potential overuse of medi-
cal services for diagnosis and treatment of CHD. A recent study by (Chmiel et al, 2015) found evi-
dence of insufficient guideline adherence and a potential overuse of possibly harmful and 
inappropriate diagnostic interventions in non-emergency situations. 

In this paper, we focus on the following research questions: 
 What is an appropriate model structure to represent the patient pathway and the delivery of medi-

cal services for CHD? 
 What are the most relevant knowledge gaps arising from this study that should be addressed when 

aiming at a needs-based health care approach for CHD? 
 What is the potential of a system dynamics simulation model as an instrument for a needs-based 

health care approach? 

Thus, in the broader context of the discussion of an appropriate medical supply, our project seeks to 
make two contributions. First, we want to assess the potential of the developed simulation model for a 
needs-based approach and second, we want to create the prerequisites for a future integration of supply 
and demand in a dynamic simulation model. Such a model could then contribute to a more focused and 
transparent discussion of appropriate medical supply. 

In this paper, we present a first attempt for a dynamic, population-based model, which explains and 
integrates the available empirical data about diagnostic and therapeutic interventions for CHD in Swit-
zerland. We discuss the validity of this simulation model and, based on this analysis, identify 
knowledge gaps, which should further be investigated. To date no policy studies have been under-
taken. These studies would in particular pertain to the effect of primary and secondary prevention. We 
conclude with suggestions for further model development. 

 

2. State of research 

The potential overuse of medical services is reflected in a broad literature on supply-induced demand 
(see e.g. (Breyer, Zweifel, and Kifmann 2013; Cutler et al. 2013; Skinner 2011). This research relies 
largely on the analysis of geographical variations in health costs and health care utilization. An over-
view on unwarranted medical practice variation in the OECD countries is presented in (Corallo et al. 
2014). Studies for Switzerland also suggest that supply-induced demand does exist to a certain extent. 
However, evidence found with regard to the relation between health care utilization and the densities 
of specialists and general practitioners is not entirely consistent (Busato et al 2012; Busato and Künzi, 
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2008; Busato et al, 2010; Camenzind, 2012; Crivelli et al, 2006; Reich et al, 2012). Moreover, criteria 
and numerical values for an appropriate supply with physicians for a specific region (Switzerland or a 
single Swiss canton) cannot be deducted. 

The majority of studies aimed at assessing potential under- or overuse of health care services rely on 
statistical and econometric methods. From a methodological point of view, however, a complemen-
tary, more systemic perspective would be needed (Camenzind 2012). Such an approach should con-
tribute to a more thorough understanding of the observed outcomes in health care, based on a number 
of cause-and-effect models. These models should take into account that the problem is dynamic and 
that the different components are mutually interconnected. As such, a feedback perspective, where 
causes and effects are linked endogenously, would be appropriate.  

Furthermore, most studies do not adopt a dynamic perspective and therefore present evidence only for 
a specific point in time. However, due to changes with regard to technology, medical practice and also 
with regard to the supply of medical services, such as for example the number of heart catheter labs in 
Switzerland, dynamic studies over a larger period of time should be undertaken. To our knowledge, no 
such studies have been undertaken for the case of coronary heart disease. 

It is acknowledged that health care planning should go beyond a utilization-based approach, which re-
lies on the assumption that future utilization (or demand) will be equal to current utilization.  Some 
models make assumptions about future changes in morbidity (for Switzerland see e.g.  (Seematter-
Bagnoud et al. 2008)). However, it would be preferable to move from utilization-based models to 
needs-based models, where future changes in health status and demand for health care would be con-
sidered endogenously. Moreover, these models would also offer the opportunity to consider medical 
practice variation along the treatment chain, including efforts in prevention. To date only few attempts 
have been made to implement needs-based models for health care planning. 

System dynamics simulation models have been used in the health sector to analyze the effect of health 
care strategies (Homer 2012; Homer and Hirsch 2006; Sterman 2006). They have also been applied to 
evaluate interventions at different levels to improve cardiovascular health (Hirsch et al. 2014). These 
include interventions at clinical level, behavioral support, changes in taxes and regulations, as well as 
health promotion and access.  

To our knowledge, no dynamic population-based study has been undertaken to date to analyze the 
amount of medical services for diagnosis and treatment of CHD in the Swiss population. In particular, 
no such study is available to investigate the effect of potential overuse of specific diagnostic and/or 
therapeutic interventions.  

 

3. Model overview  

3.1. Model purpose 

The purpose of the simulation model is to calculate the amount of medical services for diagnosis and 
treatment of CHD in the Swiss population. We focus on the demand side, starting from population data 
and health determinants in the Swiss population, such as smoking fractions or incidence of hyperten-
sion. To describe the pathway of patients, we refer to scientific literature as well as to empirical data. 
These empirical data, however, reflect current (or past) medical practice, and may also include poten-
tial oversupply. Therefore, the supply side cannot be excluded completely. For this reason, we under-
take a number of sensitivity studies, and analyse the effect of medical practice variation. 

3.2. Scope of the model 

The geographical scope of the model is Switzerland, due to data availability. The time horizon of the 
model is 2000 – 2030. This allows for calibration against empirical data as well as for policy studies 
for the next decade. We refer to Swiss population data, including net migration as well as future popu-
lation scenarios. Risk factors taken into consideration are gender, age, smoking and hypertension. 

3.3. Patient pathways  

The simulation model follows the stages from the onset of symptoms to diagnostic and therapeutic in-
terventions, and finally to a stage with diagnosed CHD. Thus people without CHD may present with 
symptoms of CHD (lead symptom: chest pain), undergo diagnostic interventions and are potentially 
diagnosed with CHD. Figure 1 shows on a high level of abstraction how patient pathways are repre-
sented in the simulation model. 
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Patients presenting with chest pain symptoms undergo first anamnesis with a general practitioner, fol-
lowed potentially by non-invasive and invasive diagnosis. In each diagnostic intervention, they may be 
diagnosed “negative”, “positive” or “uncertain”. Patients with negative diagnosis flow back to “popu-
lation without CHD”. Patients diagnosed “uncertain” are referred to the next diagnostic intervention, 
either non-invasive or invasive, in particular coronary angiography. Patients with “positive” diagnosis 
are the new incident cases of CHD and receive treatment, either invasive (PCI or CABG)1 or by medi-
cation only. Patients with acute myocardial infarction (acute MI) presenting at an emergency depart-
ment are treated separately, and are added to the flow rate of new cases with CHD. Patients referred to 
treatment may also die in hospital. After treatment, patients either undergo secondary prevention, in-
cluding rehabilitation, or they do not adhere to appropriate secondary prevention. Patients may have 
recurrent events, potentially with new cardiac events. 

 

 
Figure 1: Patient pathway (simplified representation) 
 

3.4. Key structures in the model  

In the following three figures, we present and briefly explain the key structures in the model. The fig-
ures presented here refer to one single cohort. Each cohort has an identical structure, characterized by 
its creation time (year of birth), and gender. Here we show the model structure for the non-smoker 
population. The smoker population has the identical structure, but different parameter values. The sci-
entific references with regard to parameters, functional relations, as well as to initial values and empir-
ical data, are presented in the following section. 

In Figure 2, we describe the onset of symptoms and following diagnosis (“diagnostic pathway”) to-
gether with the inflow of acute MI, presenting at an emergency department. Patients may present with 
chest pain, and undergo a first anamnesis with a physician. The chest pain rate depends on age, gender, 
smoking, and an exogenous variable, which describes an observed increase in hypertension. The “Fac-
tor New Onset Chest Pain Rate” has been introduced to adapt the available scientific evidence to the 
Swiss situation. Patients with chest pain symptoms may be diagnosed “negative”, flowing back to the 
population without CHD (“Population Non Smoker”), or “uncertain”, with referrals to the next diag-
nostic intervention. This intervention can be non-invasive,2 or the patients may be referred directly to 
invasive diagnosis. After non-invasive diagnosis patients can be diagnosed negative, uncertain with 
referral to invasive diagnosis, positive with appropriate medication, or they can be diagnosed with sta-
ble angina pectoris (stable AP), which means that no acute coronary problem is present. These direct 
referrals to invasive diagnosis are often a matter of debate and are suspected to contribute to unneces-
sary diagnostic interventions (Chmiel et al. 2015). 

                                                        
1 PCI: Percutaneous Coronary Intervention; CABG: Coronary Artery Bypass Grafting.  
2 NIIT: non-invasive ischemic testing. 
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From the rates of patients admitted to invasive diagnosis, we calculate the fractions of patients with 
positive diagnoses, who are referred to treatment (Figure 3). We include in-hospital mortality (30-days 
mortality) and calculate the number of new incident cases with CHD. These cases include the referrals 
to hospital as well as patients who have been diagnosed positive by a physician and receive medication 
only.  

The flow of “New Cases CHD” triggers the creation of new cohorts with CHD. These cohorts are 
characterized by age (the age of their parent cohort) and by time of cardiac event. The latter is used to 
calculate the mortality rates of patients with CHD, which depend on the time since the first cardiac 
event. We distinguish between patients with surgical treatment3 and treatment with medication only. 

Figure 4 shows a part of the model structure for patients with CHD. These patients may undergo recur-
rent events, which are calculated as a fraction of the population with CHD. From these recurrent 
events, we calculate the fraction of patients with reinfarctions, who are referred to treatment. We take 
into consideration that in-hospital mortality for recurrent events is higher than for first events. Patients 
may adhere to secondary prevention with a certain loss rate of adherence. We do not take into account 
recurrent events of patients who receive medication only, because due to their age, they often do not 
receive surgical treatment. The model structure for patients with secondary prevention is identical with 
the one shown in this figure. However, this section of the model is not yet fully implemented. Here, 
we would like to include further knowledge about prognosis of patients with CHD, in particular taking 
into account the effect of adherence to secondary prevention. 

                                                        
3 Here denoted as “revascularisation” (PCI, CABG). 
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Figure 2: Patient pathway with onset of symptoms and diagnostic interventions.  
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Figure 3: Treatment CHD and new (incident) cases with CHD. 
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Figure 4: Recurrent events of patients with CHD. 
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3.5. Empirical evidence  

In this section, we present the empirical evidence, on which we refer for the model simulation. A 
comprehensive parameter list together with the key references is included in the appendix  
(Table 3). In this table, we indicate, if these parameters are constant (independent of age and time), 
age-dependent, and/or time-dependent. Parameters with little scientific or empirical references are 
indicated, and will be included in the sensitivity analysis. 

For the number of chest pain visits with a general practitioner we refer to (Frese et al. 2016; Ruigo-
mez 2005) for the age distribution and to (Verdon et al. 2008) and to Obsan4 to adapt to the Swiss 
situation. Age-specific fractions of positive or negative diagnoses after coronary arteriography 
(CA) are derived from Helsana insurance data. We use different fractions for patients with or with-
out preceding non-invasive diagnosis. For the fractions of negative diagnoses with a general practi-
tioner we refer to the German SESAM 2 study (Frese et al. 2016). For the number of patients with 
acute MI presenting at an emergency department we refer to Obsan.5 However, information about 
the referring instance is often missing. For this reason, we include a fraction of patients with acute 
MI who do not present at an emergency department and include this parameter in the sensitivity 
analysis. Because data about acute MI do not distinguish between smoker and non-smoker, we in-
clude a factor, which takes into consideration the fractions between smokers and non-smokers, as 
well as the increased risk for acute MI for smokers. Here we refer to the AGLA risk score6, which 
is an adaptation of available international risk scores7 to the Swiss population.  

With regard to treatment, we distinguish between surgical interventions (PCI, CABG) and medical 
(conservative) treatment, because the outcomes as well as the costs of both surgical interventions 
(PCI, CABG) are in the same order of magnitude (Fox et al. 2010), and secondary prevention is 
similar in both cases.  Fractions of surgical versus conservative treatment are derived from the 
Swiss AMIS-Plus registry8 and from (Zellweger and Bopp 2016). These data also reflect a shift 
from conservative to surgical treatment, which took place in the early 2000.  Data for in-hospital 
mortality (30-days mortality) are based on (Fox et al. 2010) and Obsan9 and reflect medical pro-
gress in the last decades. 

For the number of recurrent events and the fractions of recurrent myocardial infarction (reMI) from 
these recurrent events, we refer to (Fox et al. 2010; Radovanovic et al. 2016). According to (Ra-
dovanovic et al. 2016) in-hospital mortality (30-day mortality) is higher than for first events. More-
over, clinical outcomes for smokers are substantially worse than for non-smokers (Zhang et al. 
2015), which we take into account in the simulation model. After treatment, patients may undergo 
secondary prevention, including rehabilitation, or not adhere to appropriate secondary prevention. 
Total mortality rate for patients with CHD depends on age and on standardized mortality ratios, 
which depend on the time since the cardiac event (Smolina et al. 2012).  

As mentioned above, we include age, gender, smoking and hypertension as risk factors. In the 
model, we distinguish between smoker and non-smoker populations, and take into account transi-
tions between these populations. For the smoker/non-smoker population in Switzerland we refer to 
the Swiss health surveys 2002-2012 and in particular to (Notari et al. 2014). For the prevalence of 
hypertension in Switzerland we refer to (Zellweger et al. 2014) and to Obsan.10 No information is 
available about prevalence of CHD in Switzerland. Therefore, we refer to (Gößwald et al. 2013) for 
prevalence of CHD in the German population and to (Mozaffarian et al. 2015) for the prevalence of 

                                                        
4 Swiss Health Observatory: https://www.obsan.admin.ch/en/obsan 

https://www.obsan.admin.ch//de/indikatoren/konsultationen-hausarzt-oder-allgemeinarztpraxen 
5 https://www.obsan.admin.ch/de/indikatoren/myokardinfarkt with additional data analysis M. Widmer (Obsan) 
6 https://www.agla.ch/risikoberechnung/agla-risikorechner 
7 For example: ESC risk score, Framingham risk score, PROCAM score. 
8 AMIS Plus - National Registry of Acute Myocardial Infarction in Switzerland (http://www.amis-plus.ch/) with additional data 
analysis D. Radovanovic 
9 Obsan Bulletin 2/2017: Qualität der stationären Leistungen unter der neuen Spitalfinanzierung: https://www.obsan.admin.ch/si-
tes/default/files/publications/2017/obsan_bulletin_2017-02_d.pdf 
10 https://www.obsan.admin.ch/de/indikatoren/bluthochdruck 
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CHD in the United States. For the prevalence of stable angina pectoris (stable AP) we use the val-
ues presented in (Hemingway et al. 2006). 

For the amount of medical services, we focus on the number of CA and invasive interventions, for 
which empirical data are available from (Zellweger and Bopp 2016) and (Balmer et al. 2005). Fu-
ture studies should include medical services and costs along the entire patient pathway. 

3.6. Generic model structure for modelling a chronic disease with Ventity 

The simulation model is implemented using Ventity 1.2 (http://ventity.biz/). This is a novel, object-
oriented, hierarchical software to describe complex dynamic problems. In particular, it is appropri-
ate for modelling dynamic cohorts, where some effects vary with cohort age (e.g. rate of symptoms, 
mortality). For further information about cohort modelling with Ventity see (Fiddaman and Yeager 
2017). 

The fundamental structure of our simulation model is shown in Figure 5. Each cohort has the same 
structure. Every year a cohort is created and receives members through births. Over time, a number 
of processes take place, which include net migration (not shown in the diagram), all-cause mortal-
ity, onset of symptoms (chest pain rate), and eventually incidence of CHD and in-hospital mortal-
ity. Each cohort retains its creation time, from which the age of the cohort is calculated.  

For those patients with incident CHD who survive (“Survivors CHD First Event”), a new cohort is 
created, called “Cohort with CHD”. This means that for one specific age cohort several new cohorts 
with CHD may be created, for every year where we have a positive flow rate of survivors. These 
new cohorts receive the number of survivors and they inherit the characteristics of their parent co-
hort, in particular their age. The creation time of these cohorts corresponds to the time of the first 
event. For this reason, we may now refer to the age of these cohorts as well as to the time since 
event. This is particularly important, because prognosis depends on age as well as on time since 
event. In the “Cohort with CHD”, we describe the follow-up with potential recurrent events. As 
mentioned, all-cause mortality with CHD depends now on age as well as on time since event. In the 
follow-up we distinguish between patients adhering to rehabilitation programs or not, including loss 
of adherence (not shown in the diagram). 

We think that the model structure, which we developed here, has a generic structure. It can well be 
applied to other chronic diseases (e.g. cancer), where incidence depends on age (and other risk fac-
tors), and prognosis depends both on age and time since first event (or the onset of the chronic dis-
ease). 
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Figure 5: Fundamental structure of the CHD model.  

 
 

4. Results 

4.1. Incidence and prevalence 

In this section, we present results of our simulation model for incidence and prevalence of CHD 
and compare our results with other studies, in particular with the Canadian study of CHD by (Blais 
and Rochette 2015). Following their definition, we calculate incidence of CHD as total number of 
newly diagnosed cases divided by the total number of people at risk (population aged 20 years and 
over minus prevalent cases). Blais and Rochette (2015) report for Canada for 2012/2013 a crude 
incidence of 6.9 per 1000. Our model shows a value of approximately 5.0 for the same period. For 
the prevalence of CHD, Blais and Rochette (2015) report a value of 9.4 per 100 in 2012/2013 
(crude prevalence in the population aged over 20). Our simulation yields a value of approximately 
6.6 per 100 for the same period. This difference of approximately 40% might be due to different 
values in risk factor prevalence. However, we could not yet verify this hypothesis. 

4.2. Coronary angiographies and invasive treatment 

For the amount of medical services, we focus on the number of CA and invasive interventions, for 
which empirical data are available for Switzerland. Time series data for invasive interventions in 
Switzerland from 2000 – 2014 are available in (Zellweger and Bopp 2016), as well as data for coro-
nary angiographies from 2006 – 2014. Additional data about coronary angiographies in Switzerland 
are presented in Balmer et al. (2005).  

Calibration of the simulation model against empirical data shows that historical data can be repro-
duced reasonably well, for what we think are the right reasons (Figure 6). However, the comparison 
of our simulation results with empirical data seems to indicate that the number of CA and of inva-
sive interventions follow different trends. The number of CA significantly deviates from the fig-
ures, which we would expect according to the base case. In the base case we take into account 
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changes with regard to risk factor prevalence as well as to medical progress (e.g. fraction of surgi-
cal versus conservative treatment, in-hospital mortality), but no explicit change with regard to re-
ferral practice and/or fractions of negative diagnoses.  

This observation suggests that a change in referral practice, in particular an increase in direct refer-
rals to CA should be investigated (Figure 7). To test this hypothesis, we assume an increase in di-
rect referrals to CA of 50% between 2000 and 2015. The simulation demonstrates, that with this 
assumption the trend of CA can be better explained. However, with an increase of CA, the number 
of invasive treatments also increases. This is due to the fact, that we use constant fractions of posi-
tive/negative diagnoses after CA. Therefore, both variables increase. This observation points to two 
aspects, which should be taken into consideration. First, referral practice and fractions of posi-
tive/negative diagnoses are not independent of each other. Second, an increase in CA might cause 
an increase in invasive treatment, because there is a “grey” zone between diagnostic and therapeutic 
interventions. However, this practice might lead to potentially unnecessary interventions. 

  
Figure 6: Coronary angiographies and invasive treatment (Base case) 
 

 
 

Figure 7: Coronary angiographies and invasive treatment with an increase in direct referrals to CA. 
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5. Model testing 

Model testing consists of a calibration of the simulation model against empirical data and of a sen-
sitivity analysis of model parameters. Model calibration and plausibility arguments have been pre-
sented in the previous section. Here, we show the results of a sensitivity analysis of those 
parameters, for which little empirical evidence is available (see also Fehler! Verweisquelle konnte 
nicht gefunden werden.). These parameters are varied in a range of +/- 20 percent, and the effect 
of this variation on the number of CA and of invasive interventions for 2015 is indicated (Table 1: 
Sensitivity analysis. We distinguish between variables with low, medium or high impact on the tar-
get variables (Table 2). 

 

Parameter Default 

value 

Low value High 

value 

CA  Invasive intervention 

  -20% +20% Low high Low high 

    (%) (%) (%) (%) 

Factor Onset New Chest Pain 

Rate 

1.6 1.28 1.92 - 11.9 + 11.9 - 11.7 + 11.7 

Fraction Acute MI Non Emer-

gency 

0.3 0.24 0.36 + 2.1 - 2.1 + 2.2 - 2.2 

Fraction referred directly to in-

vasive diagnosis  

0.4 0.32 0.48 - 3.1 + 3.1 - 4.1 + 4.1 

 

Fraction recurrent event (of 

CHD population) 

0.15 0.12 0.18 - 2.5 + 2.0 - 3.0 + 2.6 

Fraction Negative CA Recur-

rent Events 

0.1 0.08 0.12 - 0.2 + 0.2 - 0 + 0 

Fraction Coro Total Recurrent 

Events 

0.1 0.08 0.12 - 2.4 + 2.4 - 0 + 0 

Table 1: Sensitivity analysis 
 
Effect on target variables Impact category  

0 – 2 % low  

2 – 10 % medium  

> 10%  high  

Table 2: Impact categories of model parameters 
 
From this sensitivity analysis, we conclude that no single parameter has an effect on the target vari-
ables, which would undermine model consistency. One parameter has a high impact on the target 
variables. This is the “Factor Onset New Chest Pain Rate”, which has been introduced to adapt the 
available scientific evidence from other countries to the Swiss situation. Therefore, it is one of the 
primary parameters, which affects the amount of patients entering the “diagnostic” pathway and a 
key variable to calibrate the final model to empirical data. Three parameters have a medium impact. 
We argue that additional data inquiry should be undertaken, to limit the range of plausible values 
for these parameters. For the parameters with low impact, we suggest to rely on the default values 
used in the simulation model.  
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6. Discussion and outlook 

Based on the work presented in the previous sections, we can now discuss our research questions as 
follows: 

 What is an appropriate model structure as to represent the patient pathway and to calculate the 
delivery of medical services for CHD? 

We conclude that the cohort model presented here is an appropriate approach to describe diagnosis 
and treatment of CHD at an aggregate level. We base this conclusion on the ability of the model to 
reproduce the historical data sufficiently well, for what we think are the right reasons.  The model 
is detailed enough to account for the variation in risk prevalence and to the decision options along 
the patient pathway. However, the model section describing secondary prevention and recurrent 
events would benefit from substantial improvements. We would like to include further knowledge 
about prognosis of patients with CHD, in particular take into account the effect of adherence to sec-
ondary prevention explicitly.  

Moreover, we think that the proposed model structure is applicable also to other chronic diseases in 
a population. It is possible to combine information about incidence, diagnosis and treatment, as 
well as follow-up and prognosis of the disease into one dynamic simulation model. The suggested 
cohort model approach takes into account in a natural way the effect of demographic ageing. More-
over, variations of medical practice over time (e.g. a change in diagnostic treatment and referral 
practice) can also be included in the model. 

 What are the most relevant knowledge gaps arising from this study that should be addressed 
when aiming at a needs-based health care approach for CHD? 

We identified a number of single parameters with substantial effect on the model results, where ad-
ditional empirical knowledge should be provided. These include amongst other the number of visits 
with a general practitioner with chest pain symptoms, as well as more detailed information with re-
gard to acute MI. In addition, as we showed with the example of an increase in direct referrals to 
invasive diagnosis, we emphasize the need to take into account changes in medical practice over 
time. However, additional data analysis is needed to provide appropriate empirical knowledge to 
address this issue. 

 What is the potential of a system dynamics simulation model as an instrument for a needs-
based health care approach? 

We think that we could provide an additional approach to the established health care perspectives, 
which are mostly epidemiological, clinical or economic, while still relying on and incorporating the 
concepts and rationales broadly accepted in health care science. The model proposed here has the 
potential to test different hypotheses with regard to the delivery of medical services. We argue that 
the proposed model structure is a valuable framework to discuss existing data and trends with dif-
ferent experts and stakeholders, and to integrate different sources of knowledge.  

However, additional work is needed to include policy studies with regard to primary and secondary 
prevention. In particular, it would be interesting to analyze the effect of improved prevention on the 
delivery of medical services and health costs over the entire patient pathway. 
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8. Appendix 

Influence factors and 

parameters 

Constant Distinction 

smoker/non-

smoker 

Age-depen-

dent 

Time-de-

pendent 

Depending 

on time of 

event 

Sensitivity 

analysis 

Key references 

Population   x x   BFS 

Mortality Rate   x x   BFS 

Smoking   x x   Notari et al 2014 

Hypertension   x x   Obsan 

Chest pain rate   x x   Ruigomenez 2005; 

Frese et al 2016, 

Verdon et al 2008 

Acute MI  x x x   Obsan 

Fraction Acute MI 

Non Emergency 

x     x Obsan 

Fraction negative diag-

nosis physician 

  x    Frese et al 2016 

Fraction referred di-

rectly to invasive diag-

nosis 

x     x  

Fraction negative non-

invasive diagnosis 

x x    x  

Fraction Positive non-

invasive diagnosis 

medication only  

  x    AMIS Plus 

Fraction negative inva-

sive diagnosis (CA) 

  x    Helsana 

Fraction negative re-

ferred directly to inva-

sive diagnosis (CA) 

  x    Helsana 

Fraction invasive vs. 

conservative treatment 

CHD 

  x x   AMIS Plus; Zell-

weger, Bopp 2016 

In-hospital mortality    x   Schmidt et al 

Obsan 

Fraction recurrent 

event (of CHD popula-

tion) 

x x    x  

Fraction ReMI (of re-

current events) 

x x     Fox et al 2010 ; 

Zhang et al 2015 ; 

AMIS Plus 

Fraction Coro Total 

Recurrent Events 

x     x  

Adherence to second-

ary prevention 

x      Helsana 

Mortality rate of CHD 

patients  

  x  x  Smolina et al 2012 

In-hospital mortality 

of CHD patients  

x x     Obsan; Zhang et al 

2015 

Table 3: Parameter list 


