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Modelling and Simulation (M&S) has found its way into many areas, ailmost in our daily life, so also into
health technology (HT). Health technology and medical technology encompass a wide range of health care
products and services — from vaccination strategies to heart circulation monitoring. And they are used to di-
agnose, monitor or treat every disease or condition that affects humans. M& S in HT is improving the quality
of health care delivered and patient outcomes through earlier diagnosis, less invasive treatment and reduc-
tions of illness. This contribution investigates M&S in HT at different levels: (i) M&S for developing a HT
product, (ii) M&S implemented in a HT product, and (iii) M&S for assessment of a HT product. While the
step from model-based development of HT products to model-based operation of HT products is evident, the
last step to model-based assessment of HT products is relatively new application of M&S — and necessary
for the success of HT products. Interestingly, although the aims of M& S at these three levels differ signifi-
cantly, the M& S techniques — from Markov models via ODES/PDES to Agent-based models stay the same.

I ntroduction

Experts in many application areas today use methods
of modelling and simulation for developing new
products and services. In many technical fields thisis
already well standardised and widespread in all areas
from developing to implementation, and also for
assessment of implemented solutions. In HT the us-
age of M&S has recently reached different stages of
integration of the methodology in these areas. That
means we can see different levels in the usage of
modelling and simulation in development, implemen-
tation and assessment of HT. This situation gives us
the possibility to focus on different aspects of M&S,
to analyse different possibilities and problems and
furthermore we can demonstrate the various require-
ments for M& S by reference to these areas of Health
Technology Assessment.

Today development of new health technologies is
assisted by many standardised models, like physical
modelling, partial differential equations or compart-
ment models. Also implementations can refer to many
technical redlisations over the last decades, which
have led to standards or de-facto standards. Especial-
ly the usage of widely used platforms like MATLAB
show a wide consensus in the community and lead to
de facto standards, which — by the way — not always
have to be the best possible solution.

Still methodical improvements on a market of highly
competitive systems are important. New models are
rated by how well the methodology can map and
realise available data, the “ state of the art” knowledge
and established features — for example for mobile
terminal devices. So - in the field of development and
implementation of new Health Technologies - the
discussions about detail-oriented improvements dom-
inates the scientific discourse, sometimes losing the
survey and the attendance for new, alternative ap-
proaches and solutions.

The situation in the area of the assessment of medical
services is different. After the development of a new
product or a new service these are assessed and their
success is analysed and quantified. These assessments
currently use M&S too, as eg. the European Joint
Actions (EUNetHTA) show; however the methodolo-
gy is quite new and alot of solved problems for tech-
nical areas remain open today. A main difference in
the state of the art between M& S in development and
implementation and M&S in assessment is that it is
till under development which modelling method or
which simulation implementation represents the best
solution. So competition can here be found in a total-
ly different area of model development. Missing
standards lead to often not target-oriented discourse,
which lacks a common language.
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In the scientific discourse we have two opposite situa-
tions. The different “roles’ of M&S in development,
implementation on the one side and assessment on the
other side arein the focus of considerations.

Are questions like the dominance of one modelling
technique to be answered definitely at some point of
development of M&S in an application area like HT?
Continuous research clarifies the demands of M&S,
so the choice of the M&S Technique should aso be
clarified. Or are demands and techniques in a con-
stant change, also changing the demands and possibil-
ities for M&S? What are the minimum standards for
an effective scientific discussion between different
M& S methodologies like PDEs and Cellular Automa-
tons? How can demands for the use of M&S be for-
malized to make the different techniques comparable.

Are there restrictions for the use of M&S in HT?
What is the primary objective of M&S? Is it the con-
struction of new things? Or is it the optimisation of
implemented processes? Or is it the acquisition of a
deeper understanding of a system? “Anything goes”
one could say, but trust in ajack of al trades device
has always been, and till is, subdued — and this is
well justified. Modéels can and will be utilised for
various — even opposing — aims. This constitutes an
enormous potential, but on the contrary it involves
the danger of “abuse’.

1 Modésin Development of Health
Technology Products

One example for the need of new HTs are cardiovas-
cular events. Recently here has been a rapid increase,
however there has only been moderate corresponding
success in the implementation of actual treatment
strategies, with an unfortunate simultaneous dramatic
rise in treatment costs. Actual data provided by the
WHO or the American Heart Association accordingly
show that about 50 percent of al deaths in OECD
countries are brought about by some form of cardio-
vascular dysfunction. Hypertension can actually be
considered as the most important pathology in cardi-
ovascular disease.

Due to these facts medical sciences indicate an urgent
need to find further relevant indicators besides high
blood pressure. The current treatment guidelines of
the European Cardiology Society (ESC) and the Eu-
ropean Society for Hypertension (ESH) point out the
need to analyse the cardiovascular system using pulse
wave anaysis (PWA) and the synthesis of hemody-

namic parameters. However, the guidelines empha-
size the lack of easy-to-use technologies. These,
much needed technologies are, on the one hand non-
invasive measuring devices and on the other hand
models and tools for indirect measurement or model-
based determination of cardiovascular parameters.

Today Hypertension is seen as a relevant risk factor,
but reasons for cardiovascular dysfunction are mani-
fold and complex. Since risk factors cluster in hyper-
tensive individuals, risk stratification should be em-
ployed and decisions on the management should not
be based on blood pressure aone, but also on to the
presence or absence of other risk factors, target organ
damage, diabetes, and cardiovascular or renal dam-
age, as well as on other aspects of the patient’s per-
sonal, medical and socia situation.

Due to the complexity and diverse coherence re-
quirements of the cardiovascular system, a broad
multidisciplinary knowledge is required to understand
the biophysical as well as the medial causes. This has
been reflected in the formation of interdisciplinary
research groups to work on this problem over the last
few years. So also virtual physiological modelling is
seen as a powerful approach to improve the under-
standing of the complexity of the human physiology
as a whole. Another problem caused by the intrinsic
complexity mentioned above is that many results
obtained in fundamental biomedical research (as with
cardiovascular research) do not find their way into
true clinical practice, mainly because the required
bridges to show practical benefits are missing. This
demands a new generation of multidisciplinary clini-
cians, educated by the means of integrative systems
like provided by M&S.

Combining Models - Modelling arterial and left
ventricular couplingfor non-invasivemeasurements
Nowadays different ** high-end” measurement devices
exist for the determination of hemodynamic parame-
ters such as cardiac output and peripheral resistance.
On the one hand there are non-invasive methods,
such as the Doppler method or impedance
cardiographs, whose drawbacks are the operator de-
pendency and the costs. On the other hand there are
invasive methods, such as the Gold Standard Ther-
modilution used also in combination with pulse con-
tour analysis (PCA). The disadvantage of these meth-
ods is the invasiveness and the combined risks. Exist-
ing non-invasive pulse contour analysis methods are
either dependent on personal data, such as age, height
or weight or on an initial calibration.
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In Figure 1 the functional principles of pulse contour
analysis methods using a personal calibration factor
obtained by Indicator- or Thermodilution are illus-
trated.

The basic idea behind PCA is that the cardiac stroke
volume is proportional to the area of the pressure
curve during systole. To consider physiological
boundary conditions like vessel diameter or arterial
compliance as well as the cardiovascular status, an
externa calibration is needed and has to be repeated
periodically. Currently the non-invasive assessment
of functional hemodynamic parameters using simple
and affordable devices for widespread application in
internal medicine or by general practitioners is not
possible. The god is the development of an agorithm
for a non-invasive, portable, easy-to-use and afforda-
ble device for measuring functional cardiovascular
parameters based on a common oscillometric meas-
urement using an occlusive blood pressure cuff.
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Figure 1. Example for cardiac output determination using
pulse contour analysis.

An agorithm for a non-invasive, portable, easy-to-
use, and affordable device for measuring systemic
cardiovascular parameters such as cardiac output and
peripheral resistance was to be developed. The data
acquisition was based on a common oscillometric
measurement using an occlusive blood pressure cuff
with no additional calibration necessary. For results
and detailed description see [1]

This novel algorithm combines several simulation
techniques like neural networks or differential equa-
tions. The determination of the hemodynamical pa-
rameters is based on the idea that the g ection work of
the left ventricle is subject to an optimization principle.

As one advantage this kind of model needs no addi-
tional external calibration and opens therefore good
perspectives for non-expert use in cardiovascular risk
stratification and hypertension therapy optimization.
Combination of different M& S techniques so lead to
asimpler and more efficient tool.

The project showed evidence that the proposed meth-
od provides clinically relevant and reliable hemody-
namics. The measurements showed good agreement
between the algorithm and the reference methods.
Therefore the application presents itself as a suitable
dternative to standard cardiac output determination
methods as well as a supplementary investigation
method for general practitioners or specialists in
internal medicine. Future work will incorporate addi-
tional considerations, regarding pulse wave velocity
and pulse transit times, in order to refine the calcula-
tions on arterial compliance and subsequently reduce
scattering and standard deviation with regard to the
Thermodilution method.

Modelsin Implementation — Pulse Wave Analysis

As we could see a demand (development of an easier
algorithm with less calibration effort) could be satis-
fied combining different M& S techniques (see Fig. 2,
Lattice-Boltzmann, Neural Networks, PDEs) to make
non-invasive measurement more efficient. Another
effort is to adapt measuring technology to new re-
search results — new parameters have to be discussed
—and to be modelled. The medical research regarding
hypertension has fairly changed during the last two
decades. Around the year 1990, the diastolic blood
pressure was the most important value to look at,
approximately 10 years later the focus was on the
systolic blood pressure.

Today, we know that both systolic and diastolic blood
pressures are prognostic ally important. But other
vascular parameters seem to be of importance for
evaluating the hypertensive patient with respect to his
prognosis and potentially therapeutically options.
With the beginning of the new millennium the topic
of arterial stiffness of major vessels related to hyper-
tension slowly arose in clinical practise. This issue
was together with its indicators for the first time men-
tioned in the ESH—ESC (European Society of Hyper-
tension— European Society of Cardiology) guidelines
for hypertension treatment in the year 2003.

As parameters to measure arteria stiffness primary
the methods of pulse wave analysis and pulse wave
velocity have been suggested.
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Furthermore, it is reported
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Figure 2 Structure of the strategy combining Techniques in developing process

The pulse wave analysis evauates shape and ampli-
tude of the aortic pulse wave. The resulting parame-
ters of relevance are the aortic systolic blood pressure
(aSBP) and the so called augmentation index (Alx).

Owing to the differences in impedances between
central and peripheral vessels and the moderate pres-
ence of wave reflection for healthy people, the systol-
ic blood pressure at the aortic root is significantly
lower than in the upper arm in such subjects. Diastol-
ic and mean blood pressures do not differ significant-
ly. 4 Different diameters and elasticities are responsi-
ble for the occurrence of these different wave imped-
ances and the resulting differences in blood pres-
sure. As a result of aging and pathological changes
(for example, arteriosclerosis or subclinical organ
damage) stiffening of vessels and therefore an in-
crease of aSBP as well as an increased peripheral
arterial resistance may occur. As a consequence of
these changes, increased and premature pressure
reflections emerge, which superimpose the generic
pulse wave ejected by the heart earlier and more
intensely. Their accumulation leads to an elevation of
the aSBP and is called augmentation. The percent
ratio of augmentation to the aortic pulse pressure is
called Alx. The super- position may cause a patholog-
ical increase of the aSBP and subsequently an in-
crease of the cardio- vascular risk.

It has been shown that both elevated aSBP and Alx
are independent predictors of mortality in patients
with end-stage renal disease and coronary heart dis-
ease.

mass in normotensive men
as well as in hypertensive
ones. Moreover, the in-
crease in cardiovascular risk
can be estimated better from
central than from brachial
blood pressure measure-
ments.

In the update of the ESH-
ESC guidelines for hyper-
tension treatment [2] in the
year 2007, the consequenc-
es of arterial stiffness on
cardiovascular mortality have
amajor role.

Knowledge

o Ebedadaanizs

These guidelines additionally claim to provide widely
suitable measuring devices for the measurement of
arterial wall stiffness and its influence on aortic blood
pressure. The increase of the aSBP is ad hoc not no-
ticeablein the A. brachialis and therefore per se not to
be measured by common oscillometric methods.
Therefore, the aim was the validation of the novel
method determining Alx and aSBP based on an oscil-
lometric method using a common cuff (ARCSolver,
Austrian Ingtitute of Technology, Vienna, Austria)
against avalidated tonometric system (Sphygmo-
Cor, AtCor Medical Pty Ltd, West Ryde, Australia)).

The ARCSolver method aims to be a novel method
for the determination of the aSBP and Alx based on
oscillometric blood pressure measurement with a
common cuff. The method is the implementation of
the development described above and uses the pulse
waves assessed at A. brachialis. The recordings are
carried out at diastolic pressure level for approxi-
mately 10s using a conventional blood pressure
cuff for adults available in two sizes (24—34 and 32—
42 cm) and a high fidelity pressure sensor
(MPX5050, Freescale Inc., Tempe, AZ, USA). The
sensor is connected to a 12 bit A/D converter by
meansof an activeanal ogueband bassfilter (00425 Hz)

After digitalization, the signal processing is per-
formed using a three level algorithm. First, the single
pressure waves are verified for their plausibility by
testing the position of minima and the corresponding
wavelengths. During the second stage, all single pres-
sure waves are compared with each other to recognize
artefacts.



+++ Modelling and Simulation in Health Care Technology +++

Thereafter, an aortic pulse wave is generated by the
means of a generalized transfer function. The idea
behind a transfer function is the modification of a
certain frequency range within the acquired pulse
signal to get the aortic pressure wave.

Comparison with published data showed similar re-
sults. The first positive zero crossing of the fourth-
order time derivative of the generated aortic pulse
wave represents the desired inflection point. Finally,
the coherence of the measured parameters was veri-
fied. Therefore, the inflection point of each single
pulse wave was compared with the mean inflection
point. The determination of aSBP and Alx was car-
ried out in the same way as in the reference Sphyg-
moCor.

The aim of this comparison was the analysis for clini-
cal suitability of the ARCSolver algorithms compared
with SphygmoCor, which served as a reference de-
vice because of its wide distribution and acceptance.
The parameters under investigation were the aSBP
and the Alx. Both are surrogates for increased cardio-
vascular risk caused by increased and premature
arterial wave reflections. The trials showed satisfacto-
ry accordance of the two methods. Thus, the
ARCSolver algorithms are suitable for the use in
oscillometric cardiovascular measuring devices. This
is emphasized by the fact that the measurements were
taken by a representative sample of healthy volun-
teers and patients during clinical routine (error band-
widths and measurement proceduresif applicable).

The reasons for this good accordance may be based
on the fact that for the transformation to determine
the aortic blood pressure, the lower frequency bands
of the pulse wave are dominant. This frequency bands
are very robust and stable during measurement. The
mentioned dominance may aso blur the effects of
high-frequency impedance changes between brachial
and radial artery and its influence on central pressure.
The results of the analysis of the Alx comparison
show sufficient accuracy. The variation values deter-
mined in our studies are in the same range as those
published for SphygmoCor. The ARCSolver is based
on an user-independent recording method. Consider-
ing this, the measured values of the mean difference
and the s.d. show consistency.

Using M& S we were able to develop and implement
new HT. Existing Technologies could be enhanced by
combining different M& S techniques.

This was on one hand important for improving the
HT itedf, but on the other hand research showed new
demands (as other and more parameters are important
for physicians, which partly can only be measured
indirect) that can only be satisfied with new ap-
proaches.

2 Moddlingin Health Technology
Assessment

Austrian health care system spends about 20 to 25
million Euros every year. The socia insurances, the
federa states and the federal government pay a large
part (about 70%) of the costs. Because of new devel-
opments, which we described above — growing ser-
vice portfolio and at the same time limited resources
as well as an aging population lead to necessary deci-
sions on supply of services. The assessment of new
medical services that may or not may be paid by
society — Health Technology Assessment — becomes
more important every year.

Therefore the development of a comprehensible and
problem-oriented assessment strategy for medical
services both from a medical and economic viewpoint
is necessary. Thus decision makers could better esti-
mate costs and quality of medical services. In the
long term a high level of medical service provision
with optimal resource allocation will be ensured. The
crucial factors for decision makers are flexihility,
speed and replicability in the assessment — an ideal
field of application for the application of models.

New studies show that between 4 and 8 percent of
expenditures in the health care system are paid for
administration, controlling, monitoring and decision
support. For the small country of Austria alone this
represents a market potential of (without expenditures
for administration) 500 million Euros.

The application of models is most advanced in the
area of development of new vaccination strategies.
Vaccination is amongst the most effective prevention
measures against infectious diseases. During the last
years the use of vaccination has been discussed in-
creasingly.

Each year many new vaccines are developed. Deci-
sion makers face the hard task of deciding on the
reasonableness of each vaccination programme, pri-
mary with regard to cost-benefit efficiency. Compari-
son of competing vaccines in respect of costs and
efficacy turns out to be especidly difficult.
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Demand of better decision foundations

Recently health care decision makers realize that for
example clinical studies cannot describe the whole
process from spreading of an illness in a social net-
work to analysis of courses and economical evalua
tions. Medical interventions based on wrong decision
foundations waste resources. Considering the back-
ground that resources are limited and the political
brisance of decisions concerning health care, decision
makers need rational basis of decision-making.

Systematic and quantitative evaluation of patient-
relevant and economic long-term consequences is
required [3, 4]. Therefore the demand for more and
better evaluations rises. With the help of optimal
chosen and realized decision models using valid data
bases, these evaluations and their results should be
presented in comprehensible ways. New price models
of vendors (so-caled Risk Sharing Invoicing) en-
hance their need. Overall the application of models
strengthens the position of decision makers towards
vendors of medical services.

State of the Art & methodical restrictions

Evaluation of vaccines is methodical particularly
difficult. On the one hand modelling the spread of a
disease needs to consider dynamic epidemiologic
effects like herd-immunity, on the other hand social
structures and costs must be considered appropriately.
Evaluation of vaccination programs needs interdisci-
plinary assessment on the representation of the ill-
ness, whether the acute infectious aspect of the dis-
ease and therefore the epidemiological spread of the
pathogen, which requires so-called dynamic models,
or if the chronic aspect of the illness is in the fore-
ground. Altogether it is necessary to choose suitable
models and if it is required even connect severa
different models.

Apart from evaluations of databases and studies deci-
sion makers want progressively more systematic
reviews of medical services and technologies with the
help of Health Technology Assessment (HTA). HTA
uses well-established and long proved methods to
systematically evaluate medical services and assess
the consequences of health care interventions. Inde-
pendence of HTA-experts of medical vendors is es-
sential. Recently developed HTA-principles [5] or
guidelines of the German IQWIG to include Health
Technology Assessment into the decision process
emphasi ze this aspect.

Necessity of Modelling & Simulation

Combination of classical meta-analysis of clinical
studies, statistical methods and HTA with a flexible
choice of models and calculated scenarios leads to a
modern evaluation tool for medical services.

On the European level the three-year Joint Action
Project EUNetHTA started on the 1.1.2010 shows the
demand. EUNetHTA standardizes methodical aspects
of the evaluation of medical services and for the first
time tries to include modelling and simulation sus-
tainable into the evaluation process.

Concretely the realization of appropriate models
poses some questions which could not be solved
methodically in a sustained manner. On the one hand
it is not clear which modelling approach is optimal
for which area because the whole previously de-
scribed process had to be reproduced. Even when
only examining the example of the evaluation of
vaccination strategies the following aspects have to
be realized in the mode!:

e Social structures and interactions between af-
fected people

* Modelling transmission of an infectious disease
including Serotypes, Herd Immunity et al.

» Integration of statistics of given or comparable
countries about occurring illnesses and compli-
cations caused by the pathogen.

e Economic evaluation of these effects including
standardized values from HTA

Apparently choosing and combining the best possible
modelling approaches and realizations of different
implementation possibilities lead to various problems.

In the area of Health Technology Assessment only
classical respectively non-dynamic modelling ap-
proaches are used nowadays. These methods include
Decision Trees, Markovian Models and System Dy-
namics. All of them are thoroughly discussed in liter-
ature (for example System Dynamic Models [6]).
These approaches often emphasize the use of data but
comparison of different models rarely happens.

Regarding modelling there are far more advanced
modelling approaches which often lack the connec-
tion to the complex data structures. Even simple pre-
diction and evaluation models put interdisciplinary
working research groupsin front of serious problems|[7].
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For example just to mention the various standardizes
values like LYG (Live Years Gained) have to be ex-
pressed as a model result. The example of the devel-
opment of a tool for evaluation of vaccination pro-
grams against pneumococci shows proposals for
solutions and problems of the use of modelling and
simulation in the evaluation of medical services.

Assessment of a Vaccination Strategy

In acooperation of the independent institutions HVB
(Main Association of Austrian Social Insurances),
VUT (Vienna University of Technology) and dwh -
simulation services the socio-economic influence of
including Prevenar (PCV7) pneumococcus children
vaccine into the Austrian children vaccination pro-
gram was modelled and analysed [8].

Different Model Types were implemented - on one
hand to match, compare and validate with given study
results and on the other hand to introduce a new way
of modelling of future scenarios. The models were
compared to each other and to the studies and can
integrate various different data types and sources to
compute potential future scenarios.

This “modular” model realises the opportunity to
compute different scenarios for different aspects of
the vaccination with various assumptions to compare
results and stability of results for each module sepa-
rately. Effects of changes — in population structure or
size, epidemiological assumptions like serotype
changes or herd immunity, new data for diseases or
costs can be implemented to compute the dynamic
future scenarios and to compute the future economic
datafor different treatments.

White Box Modelling guarantees not only the com-
puted results but aso the possibility of improving the
knowledge about the model system and to re-evaluate
the assumptions after every scenario. White Box
Modelling offers the possibility to get additional
information which data and in which way this datais
needed for future studies.

Analysis of the socio-economic influence of the
introduction of the vaccination

Using the genera available vaccination distribution
assumptionsin Austria and the saved data of regulato-
ry authorities, information concerning pop data and
costs of hospitalization for pneumococcal disease one
can yield detailed estimations regarding the total
costs: in the vaccination setup time the annual costs
increase to approximately 14.2 Mio. € and then de-

crease due to the increasing number of avoidable
cases per year to 12 Mio. €. This amount remains
constant in the long run.

In spite of this deterrent high amount it is important
to point out the accessible positive effects of the re-
duced burden of the disease: While in the first year
after the introduction of the vaccination only about 15
critical pneumococcal illnesses can be avoided, after
the first 10 years a positive effect of approximately
125 avoided meningitis-, sepsis-, and pneumococcal
pneumonia cases can be expected. Especialy, the
possibility to prevent about 10 cases of meningitis a
year has to be focused on.

Number of avoided
Meningitis cases/Year

Number

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032

Figure 3 Number of avoided Meningitis Cases p.Y.

Another measure for the efficacy of vaccination pro-
gramsis given by the abstract value CLY G, which are
the costs per life-year gained. For the actually evalu-
ated procedure the CLYG results in about
205.000€/LY G in the steady state.
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1400000
1200000
1000000
800000

Costs in €

600000
400000

200000

2008201020122014201620182020202220242026202820302032

Figure 4 Costs per Life Year Gained in Euro

Combining the M ethods for international
comparableresults

The results of this project are based on literature
research, application of classica methods and on
newly developed complex mathematical models,
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which are calculated for the first time for the spread
of pneumococca bacteria and show the influence of
population structures, social behaviour of individual
persons and epidemiological detailed knowledge in a
dynamical model. For epidemiological purposes the
innovations of this simulation model are the consid-
eration of the dynamical structures of the population
for the following years and, especialy, the research
concerning the effects of herd-immunity, which are
positive effects for the unvaccinated population based
on the decreased number of carriers due to the vac-
cination, and the serotype-shift, which refers to the
influence of the chancing selection-impact on com-
peting pneumococcal strains due to the vaccination.

To yidld international comparable results and to clas-
sify possibilities and problems the first step was the
implementation of the classical approach. Afterwards,
assimilable dynamical methods were realized and
modularly extended by further influencing factors.
Other than in classical static methods the parameters
for herd-immunity are not given but are modelled
implicitly by the model structure and the possibility
to comprise real socia behaviour and, thus, age-
dependent contact between individuals including the
possible risk of infection. Thereby, it is ensured not to
depend on abstract estimators, which are based on not
evaluable assumptions instead of studies with persons
due to the long action time.

Features

Because of the detailed highly parametrisable and
objective model structure vaccines can be compared
(which is most times not possible in clinical studies)
in the model and different vaccination strategies and
scenarios can be tested. Furthermore, the mapping of
individual abstract persons enables an extendable
implementation of social behaviour as well as the
analysis of influences concerning demographical
changes of the next decades. Immigration and emi-
gration are already accounted for in the base model.
Scenarios for vaccinations strategies can be computed.

Another important factor for the supplier and the
epidemiological anaysis which can only be analysed
using dynamical models is the vaccination setup
phase. Other than in any vaccination for the populace
for introduction of a vaccination in the children im-
munisation schedule the complete herd-immunity-
effect and the maximal immunisation protections
appears with the aging of the children- in this case it
lasts about ten years.

The present simulation model provides an objective
independent support for decision makers due to its
open comprehensible structure (White Box Model-
ling) and the broad range of implemented dynamical
non-linear effects like Serotype Changes and Herd
immunity. Because of the modular build up demogra-
phy, epidemiology and economical key decision val-
ues can be analysed separately and additional under-
standing of the problem can be supported.

Summary of the benefits of thisway of problem
modelling and evaluation

Long term population dynamics: Long term effects
like carrier behavior and strategies can be focused on
in detail with a high resolution timescale.

Sart-up phase simulation: In contrast with classical
Markovian or Decision Tree based models, dynamic
modelling represents also the start up phase of the
vaccination program. This is of main interest for
decision makers, because in this timespan full vac-
cination cost occur, but on the other hand not the
ideal benefits can be reached.

Herd immunity effects are model generated and time
dependent: Herd immunity is generated during simu-
lation time and is based on the social interaction of
the modelled agents. Using a sophisticated model for
carrier and an extra part for illnesses guarantees the
capability.

Selection pressure is model generated: As mentioned
for herd immunity, this dynamic nonlinear effect is
also generated during simulation time and uses the
advanced simulation technique and its flexibility.

Different scenarios: Due to well defined parameter
ports, different scenarios can be calculated easily
without changing model structures. Furthermore
simulation runs for other countries can be implement-
ed easily.

Long term prognosis; Referring to population dynam-
ics and other external long term effects parameter
gateways are implemented in the model and thereby,
flexible analysis timespans can be cal culated.

Comparison of different vaccines: Because of model-
ling the carrier rates in detail, the influence of differ-
ent vaccines (serotype coverage, vaccine efficiency,
...) can be evaluated. Beyond also mixing of different
vaccination strategies and the global influence can be
represented.
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Adaptivity for different countries. Not only the poor
parameter changes for foreign countries can be simu-
lated, but also different assumption regarding social
system structures.

White Box Modelling: One of the main benefitsis that
besides a complex high quality model used, the par-
ametrization and used structure are dealing only with
intuitive data and thereby the model can be used in
interdisciplinary working groups.

In addition to the mentioned benefits of the imple-
mented approach mainly fundamental open questions
come up that need to be discussed in the following
years.

For the evaluation of medical services, standardiza-
tion of the used models is absolutely necessary. To
that end consensus regarding the process of selection
and the valid combination of appropriate modelling
techniques have to be found in the scientific commu-
nity. The European-wide acceptance of further devel-
opment of models in the field of HTA in context of
the EUnetHTA highly depends on this issue. There-
fore a process has to commence that aims the compa-
rability of different model approaches eventually.

The need for standardization becomes clear through
consideration of the impact of such an assessment.
Considering the economic impact the model de-
scribed above leads to decision on cost in the range of
15 million Euros in the case of the use by decision-
makers[9].

But besides the financial aspects the decision on the
use of medical services further plays an important
role in the aspect of the future question of coexistence
in our society: “Who has got the right to receive
which performances?” One's hedlth is probably one
of the most central aspects of personal life and the
gap between newly developed facilities and their "no
longer be financed"-aspect has the potential to lead to
enormous socia conflicts.

The model approaches in the field of health econom-
ics, HTA and Evidence Based Medicine are currently
mostly data-driven approaches. In contrast method-
driven approaches from the field of mathematics,
computer science and physics cause a clash with the
methods that are considered to be standard. The
above-described method to compare modelsis only a
very first small step of the necessary convergence of
those different worlds.

3 Conclusion

HT touches some of the most important human needs:
To keep a good hedlth as long as possible, to antici-
pate future health problems or to cure illness. M&S
helps HT to improve its “portfolio” in many ways.
M& S extends the possihilities for example in compu-
ting values, which are not or only very complicate to
measure. Or M&S helps comparing vaccines which
were not tested against each other.

It is clear that still modelling systems and simulating
scenariosis always only the second best solution. It is
aways some kind of placeholder, until the real tests
can be made or the real data is available. But until
that time it is simply the ,best” solution, and this
shows that it isimportant to face the problems, which
areraised by new and advanced modelling technologies.

New challenges for M& S can only be solved by using
new approaches. In some areas we have reached the
boundaries of the state of the art methods. The tasks
described above show that new structural information
or new data lead to new structures of the model and
so there may be need for new modelling techniquesto
cover this demand. In progressing technologies like
HT you never can give afina conclusion which mod-
elling technique is best.

To compare “state of the art” M&S techniques and
other approaches standards have to be developed.
These strategies are followed by various scientific
clusters and international efforts are made. Still it is
to swim against the stream, as provider of modelling
concepts and even more software developers have no
interest to change a “winning team” — even if the
game has changed.

New M&S strategies — and most notably the exten-
sion of the application areas in HT — induce an even
higher responsibility for vaidation of the implement-
ed models and simulations. Comparison of different
models might be a promising strategy to cope with
this problem.

Finally, let us point to a more philosophical aspect
and to the dependency and the difference using M&S
for the areas mentioned in the title. Only devel opment
of new technologies - enabled also through M&S -
leads to the need of Assessment. For which — of
course—M& Sisvery useful. So solution of problems
induce new problems that are even more complex
than the previously solved one. But it even gets
Worse.
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Using M&S for development we expect the solution
of a problem, otherwise the model is discarded. Not
so using M& S for assessment. Here we must accept
that the "non-decidability” of topics has to be accept-
ed under certain circumstances. However neither the
demand of the decision iswaived nor isit compulsory
to mistrust the quality of the model.

The traditional "Tertium non Datur" (Law of the
Excluded Middle) does simply not apply. The first
who introduced this well-known point against the
universality of the law of excluded middle was al-
ready Aristotle [10]. He mentioned that the principle
of the excluded middle does not apply to statements
about the future (like the phrase "Tomorrow will be a
sea battle") because the progress of the future is still
open. And even if we try hard predicting the future
using M& S, sometimes even modern liveis like a sea
battle. Why?

Using M&S we try to predict the future, but we do
not succeed always. But decision makers have to
decide - if they are not able to do this - even based on
the best models and future forecasts - the discontent
of the people might increase. In former times this led
to the expulsion or even loss of life of decision mak-
ers, today fortunately probably only to the loss of
personal power and influence.

Only one point can comfort us: Over time, the addi-
tional benefit of system knowledge and data, exclu-
sion of errors and new evidence might ultimately lead
to the decidability of the question [11]
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