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telerechabilitation. Monitoring cardiovascular risk fac-
tors seems to be particularly appealing for the use of
telemedicine. This includes health applications to
improve lifestyle and adherence to pharmacotherapy
by surveillance, education, psychological support and
interactive motivational tools i.e. to improve physical
activity, healthy nutrition and smoking cessation with
the final goals of reducing metabolic risk factors and
improving cardiovascular health. Telerehabilitation
may be a support or, in the case of a lack of adequate
cardiac rehabilitation programs, a substitute as a home-
based program in particular in areas where cardiac
rehabilitation programs are not available for patients
within a reasonable distance. This is of particular inter-
est in areas with a low level of development and low
population density.

This article is complemented by a statement of
Paul Dendale who is a Board member of the
European Association of Cardiovascular Prevention
and Rehabilitation and presents a comprehensive view
about potential shortcomings but also great opportu-
nities for telerehabilitation to be applied in the near
future.

The contribution by Friedrich Kohler and colleagues
presents results on feasibility and perception of teleme-
dical care by patients and physicians. This has been
studied in the framework of the Telemedical
Interventional Monitoring in Heart Failure (TIM-HF)
trial with the objective of proving the superiority of
remote patient monitoring compared to usual guide-
line-based care in terms of total mortality, heart fail-
ure-hospitalization, quality of life and other markers of
cardiovascular health. Two telemedical centers, located
in two German regions, provided physician-led medical
support for 24h/day, 7 days a week, according to
defined standard operating procedures. Patients were

enrolled from 165 practices in cardiology, internal
medicine or general medicine, and followed for at
least 12 months with several outpatient visits. Results
are encouraging, showing the feasibility of telemedical
care and positive perception by patients and physicians.

Conclusions

eHealth and telemedicine are excellent examples of
innovative technology. They will rapidly evolve and
become an important component of today’s medical
care. They have the potential to reduce healthcare
costs by reducing the burden of disease, the risk of
complications, hospitalizations, recurrent events and
premature death and to improve quality of life.
eHealth and telemedicine have a particular potential
in cardiovascular disease prevention but also in the
long-term care management of patients with cardiovas-
cular disease. An important challenge for those
involved in these new technologies will be to keep the
main focus on patients’ individual needs and not to be
overwhelmed by the enormous speed of progress in
technology and informatics and to continue to carefully
evaluate the evidence behind the practice.
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Electronics for better healthcare

Bernhard Wolf and Karolin Herzog

Abstract

Microelectronics and microsystem technology have changed our daily lives considerably in the past 50 years. Countless
everyday objects contain microelectronic components. In healthcare up to the present, however, it has not been possible
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to make major alterations in introducing electronics and information technology that would lead to innovative improve-
ments and greater transparency. This paper describes initial steps in diagnostics and oncological therapy including
telematic healthcare systems which can, for example, assist patients with cardiovascular diseases and shows, through
these areas, how electronics and microsystems technology can contribute to better healthcare.
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Introduction
From imaging diagnostics to sensor chips

About 30 years ago, we started introducing quantitative
methods and systems into tumor histopathology and
tumor therapy using image-analytical and electron-
beam-micro-analytical techniques.'> With the dawn
of the computer age, it became clear that it would
become increasingly possible to integrate quantitative
diagnostic systems in doctors’ decision-making
processes.

Having obtained so much data from these studies we
developed, in collaboration with semiconductor manu-
facturers, chip-based methods for tumor diagnostics
and telemedical therapy. These methods are now
being tested in clinical research projects and gaining
acceptance in the field of drug research, rehabilitation
and in the assistance of cardiovascular or psychoso-
matic diseases.™*

Microelectronic chip systems for marker-free analysis
and diagnostics

The basic principle of such multiparametric sensor
chips is that cell and tissue material is cultivated on
the chips using conventional technology, supplying
the cultures with nutrients by fluidic systems and sub-
jecting them to microscopy and sensor-based microphy-
siologic observation.” By this method, the cells, tumor
sections and model tumors can be tested with che-
motherapeutic drugs to determine their chemosensitiv-
ity. Compared to other methods, this procedure has the
advantage that the cell and tissue material can be exam-
ined in a label-free way in its physiological environ-
ment. Thereby, longer testing is feasible in order to
identify possible resistance patterns. Previous methods
often neglecting parallel, dynamic and non-linear sig-
naling patterns of cells—requiring individual tests—
were unable to do this.®’

Figure 1 shows the basic setup of such a test system,
indicating how the signal parameters of the cells couple
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into the chip. This fundamental principle applies for
further developments of the system and permits on-
line and real-time analysis of cellular signal behavior.

Based on present knowledge, it can be assumed that
no more than 20% of cancer patients suffering from the
most common tumors (breast, lung, stomach, colon)
respond to conventional chemotherapy.® A predictive
test based on our research (see Figure 2) could help in
the decision-making process between patient and oncol-
ogist and it could disburden the healthcare system from
the costs of futile therapies.

The chip devices are mainly operated in incubators
ensuring physiologic temperature and sterility. Our test
systems are based on modular setups with chip-based
stations for the observation of the cultures under a
microscope. A handheld system for cell-biological ana-
lysis, for example, in connection with ‘bed-side’ or
emergency applications (see Figure 3) allows the
doctor to offer individual, personalized treatment in
combination with databases.

From a single-chip system to a high-content
analysis robot

Despite the plethora of data and knowledge gained in
the past years through molecular-biological research,
no major breakthroughs have been made in the
search for new drugs. This consideration alone should
be an incentive to turn the search for new drugs to
other systems and switch from deterministic screening
to functional metabolism research.

For this reason, from our cell-chip systems which
were originally developed for diagnostic purposes, we
developed robot-based platforms based on sensor mul-
tiwell plates which can be employed for drug search.
That’s how the concept of parallelization was intro-
duced for the first time into the analysis and functional
diagnostics of metabolic changes in tumor cells. Today
these systems are able to monitor in real time in 24-96
parallel samples under microscope visualization and
under close to physiologic conditions. Microscope
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Figure 1. Schematic course of mitogen signal transfer in a cell and multiparametric bioelectronic chips as an interface for

signal reading.

control is not only limited to imaging but also includes
several microscope-based analytical methods.’

From cell chip to ‘Doctor in the Bag’

Having developed various analytical chip systems for
the experiments with living cells, we also employed
them for different analytical purposes. In cooperation
with partners, these efforts resulted in a series of med-
ical measuring devices which were able to communi-
cate, for example, with mobile and conventional
phones. In a project called ‘Doctor in the Bag’ and a
follow-up venture, ‘COgnitive MEdical Systems®’
(COMESP is a realization and a registered trademark
of Heinz Nixdorf-Lehrstuhl fiir Medizinische
Elektronik of the Technische Universitdt Miinchen), it
became possible to connect blood pressure measuring
devices, spirometers, glucose measuring devices, elec-
trocardiogram (ECG) sticks and other devices to mea-
sure relevant medical parameters in doctors’ practices
and hospitals via a mobile phone, in one single system
(COMES®-Platform).'%!!
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Cardiovascular diseases like chronic heart failure
can be especially assisted by such a ‘telematics compa-
nion’. This disease is one of the most frequent causes
of death in Western industrialized countries which
consequently entails enormous costs. Therefore, ever
more systems are, and will be, required in the future
which allow the medical self-determination and eman-
cipation of a patient. Heart failure is a disorder of
heart functionality. In most cases a circulatory distur-
bance of the heart leads to this disease. As a conse-
quence the patient must expect a significant reduction
of his physical work capacity according to the degree
of severity. Based on this physical limitation as well as
psychological and social subsequent problems and
their alternating interactions, both life expectancy
and life quality of the affected patients are compro-
mised by heart failure.

The COMES®-Platform mentioned above, will be
available for this practical application and is being
extended continuously by us.'”> Figure 4 shows some
of the devices and their link to the COMES®-
Database which is specialized for this purpose.'?
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After having collected a multitude of physiological
data (such as blood pressure, ECG, glucose, weight,
activity and more) from the patient, the multi-modal
sensor platform will transmit them to the COMES®-
Database. The measurements collected in the real
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Figure 2. Measuring the chemosensitivity of a human mam-
mary carcinoma tissue sample. Adding the metabolite
chloracetaldehyde (CAA), formed from ifosfamide or cyclopho-
sphamide, results in a substantial decrease of the acidification
activity and oxygen consumption in this sample, while only little
effect of doxorubicin can be seen here. By means of statistical
tests including controls, it is possible to assess the degree of
sensitivity that must be expected and to personalize the therapy
for this patient accordingly.

environment are automatically sent via smartphone.
This happens directly and safely.

The written data on the COMES®-Database is
linked to Expert-Software. This purposefully devel-
oped COMES®-Expert-System (Figure 5) and special
Expert-Software will also provide intelligent feedback
and intervention management. Messages can automa-
tically be sent for medication control or recommen-
dations to the patient. Depending on the individual
indication, user-specified limits can be set which
create a definable callback, rather like notifying the
patient or ringing up the doctor.”® In the current
project stage the callback, particularly the feedback,
is realized by a traffic light system, which allows a
three-stage evaluation of the measured values. In the
COMES®-Portal the users (patients, family members
or treating doctors) can access both a statistical list-
ing of the data, graphics and algorithmically calcu-
lated trends. With this detailed information an
accurate profile of the user’s current health status
can be drawn, as needed.'

Furthermore, a classification algorithm is developed
especially to predict the patient’s risk for those who
suffer from chronic heart failure connected with psy-
chosomatic illness. The developed model is using
Rapid-I's Rapid Miner toolset and automatically exe-
cuted from scripts.'?

In the case at hand with heart failure patients with
depression, the COMES®-Platform proves to be an
eminent tool, as not only necessary physiological data
can be collected but also supporting therapy measures
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Figure 3. Handheld lab-on-a-chip (jiLa) for mobile cell-biological assays, e.g. for bedside monitoring of side-effects of medication or

individualized treatments.
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Figure 4. Mobile medical measuring devices combined with
telecommunication systems and a database COMES'.
COMES®: COgnitive MEdical Systems.

can be provided as feedback. A study in progress will
clarify if there is a connection between chronic heart
failure and psychosomatic illness.'?

Using such a system, personalized data can be trans-
mitted to the treating doctor or medical provider prac-
tically anywhere in the world, ecither to give treatment
recommendations directly over the mobile phone or to
provide medical care via a medical portal (Figures 4
and 5). Today telemedical portals based on sensor-
based personalized medical measuring devices are
already able to automatically detect critical health con-
ditions early and, under some circumstances, predict
them (asthma, cardiovascular diseases, glucose)
order to initiate medical intervention or recommend
what to do.

If these systems are combined with evidence-based
medical information technology, the individual comes
one step closer to controlling her or his own medical
information.

Individualization of the patients through telematic
and personalized healthcare systems

The state-of-the-art combination of modern body sen-
sors, fluidic actuators and telematic control systems
permits setting up of therapeutic systems, whether
extra-corporal, partially or fully implanted, allowing
the majority of patients to live self-determined lives
with their illness.

Through these personalized therapies, as seen for
example with COMES®, we notice that the compliance
of patients, compared to conventional treatment meth-
ods, is clearly elevated. Through regular feedback to
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Figure 5. Composition of the COMESﬁ-Expert System
included in the platform.
COMES®: COgnitive MEdical Systems.

the user his acceptance, as well as his readiness for an
active contribution to therapeutic measures, has largely
increased. These results lead to the conclusion, that
sensor-supported telematic assistance systems provide
a considerable contribution to more self-responsibility
regarding individual health and medical autonomy.
COMES® represents a multimodal sensor platform
which collects and transports not only a large amount
of physiological data, but also those for telematic con-
trollable biomedical agents. The collected data through
this electronic assistance give important awareness of
the development and introduction of individualized
therapy- and assistance concepts, as well as innovative
physical, non-medical feedback therapies.

Microsystems for bioelectronic diagnosis
and treatment

The previously described approaches show that micro-
electronic systems have a future in personalized medi-
cine. Unfortunately, in the past, too much focus was
put on giant equipment imaging devices. Although their
significance in many cases is undisputed, no systemic
permeation in the public health system is given. On
the one hand, with their high costs these systems tend
to spiral general healthcare costs because the invest-
ments have to be justified by use. On the other hand,
they show no real relevance in general healthcare
today."> Doctors’ diminishing anamnesis training has
led to the current bizarre situation that giant equipment
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imaging devices are employed which can show findings
but interpretation depends essentially on the treating
doctor’s experience and still too little on evidence-
based interpretation systems. Just as in the case of his-
topathological diagnostics, trainable image-analysis
systems with intuitive user guidance are lacking, so
that actual medical progress is also questioned by
others. In this context, we would like to quote an
expert in relation to one of our early research projects
on quantification of histopathological preparations by
means of electron microscopy and numerical image
analysis: ‘The trained eye of a pathologist can see
more than 10 computers’ (Personal Communication).
In individual cases this may actually be true if the eye
really is trained, despite the double-digit number of
known misdiagnoses in tumor diagnostics.

In internal medicine and general practitioners’
practice, it is however undisputed that greater use of
giant equipment cannot improve the present healthcare
cost structure rather than the selective use of small,
mobile measuring devices directly linked to intuitive
evidence-based databases. A simple mobile phone
with a good camera can permit making dermatological
findings at home, giving nutritional advice and ensuring
contact with the patient. Combined with sensor and
actuator systems, this mutates into a real theranostic
(therapy and diagnostic) system which like all micro-
systems can set in motion an enormous efficiency
potential in the technical as well as the medical
world.

Funding

The research projects described here were only possible with
the support of the Heinz Nixdorf Foundation, the Bayerische
Forschungsstiftung, the Stiftung Industrieforschung, the
Federal Ministry of Education and Research and the
Deutsche Forschungsgemeinschaft for which the authors
wish to express our deep gratitude. The authors also owe
thanks to their numerous partners in science and industry
for their successful collaboration and to all co-workers and
students who contributed to these results.

Conflict of interest

The authors declare that there are no conflicts of interest.

References

1. Wolf B, Miiller E and Schwinde A. An ultrastructural
morphometric analysis on ultrathin epon and ultrathin
cryo-sections of normal human gastric tissue and human
gastric cancer. Virchows Arch Pathol Ana J 1985; 407:
209-219.

ejpc.sagepub.com

10.

11.

12.

13.

14.

15.

. Wolf B, Schwinde A and von Kleist S. Differentiation

state specific localization of the carcino embryonic anti-
gen (CEA) cryosections of breast, stomach and lung
lesions. Anticancer Res 1987; 7: 203-208.

Wolf B, Kraus M, Brischwein M, et al. Biofunctional
hybrid structures - cell-silicon hybrids for applications
in biomedicine and Dbioinformatics. Bioelectrochem
Bioenerg 1998; 46: 215-225.

Wiest J, Brischwein M, Otto AM, et al. Cell based assay
for label-free, multiparametric, long-term monitoring of
cellular vitality. ALTEX 2009; 26: 96.

Brischwein M, Grothe H, Otto AM, et al. Moglichkeiten
und Grenzen der Mikrosensortechnologie in zelluldrer
Diagnostik und Pharmascreening. Chemie Ingenieur
Technik 2005; 77: 55-59.

. Wolf B, Brischwein M, Grothe H, et al.. Lab-on-a-chip

systems for cellular assays. In: Urban G (ed.) BioMEMS
Series:  Microsystems. Vol 16, Dordrecht, The
Netherlands: Springer-Verlag, 2006, pp.269-308.
Sprague LD, Beregov V, Sternbach G, et al.
Multiparametric sensor chip-based technology for mon-
itoring metabolic activity. Clini Lab 2006; 52: 375-384.
Abel U. Die zytostatische Chemotherapie fortgeschrit-
tener Karzinome. Zweite, vollst iiberarbeitete Auflage.
Stuttgart: Hippokrates-Verlag, 1995.
Geisler T, Ressler J, Harz H, et al. Automated multipara-
metric platform for high-content and high-throughput
analytical screening on living cells. IEEE Trans Autom
Sci Eng 2006; 3: 169-176.
Friedrich P, Scholz A, Clauss J, et al. Der Arzt im
Gepick — sensorgestiitzte telemedizinische Konzepte fiir
Diagnostik und  Therapie. In: Jickel A (ed)
Telemedizinfiihrer Deutschland. Bad Nauheim: Medizin
Forum AG, 2007, pp. 266-271.
Wolf B, Clauss J, Friedrich P, et al. Telematische medi-
zinische Systeme fiir die individualisierte und personali-
sierte  Assistenz  Teil 1. ntz  Fachzeitschrift — fiir
Informations- und Kommunikationstechnik, 2009, 62 H.1
14-17.
Spittler T, Handwerker M, Friedrich P, et al. Early recog-
nition of depression at diabetes mellitus with the cogni-
tive medical system COMES®, Poster at: IADIS WWW/
Internet 2011, Rio de Janeiro, Brazil, 5-8 November
2011.
Friedrich P, Spittler T, Tiibinger S, et al. COMES® ein
Konzept zur personalisierten telemedizinischen Assistenz
— oder — auf Anruf Arzt. In: Duesberg F (ed) E-Health
2011  Informationstechnologien —und  Telematik  im
Gesundheitswesen. Solingen: Medical Future Verlag,
2011, pp.254-260.
Hinderer K-U, Friedrich P and Wolf B. Home care: A
telematic  rehabilitation  exerciser. In:  Consumer
Electronics Berlin - ICCE Berlin, Berlin, Germany, 3—4
September 2012, pp. 15-18 Berlin: IEEE Conference
Publications.
Koch K. Untersuchungen zur Friiherkennung — Krebs —
Nutzen und Risiken. Berlin: Stiftung Warentest, 2005.

European Journal of Preventive Cardiology 2013; 20(S2): 1-24

Downloaded from cpr.sagepub.com at Technical University of Munich University Library on October 28, 2016


http://cpr.sagepub.com/

