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PART I

The global healthcare market is growing by
6% per annum. An increasing number of peo-
ple spend increasing amounts of money on
their health. Population growth and rising
per capita spending mean that the healthcare
industry is developing faster than other sec-
tors. The steady development of the key driv-
ers of this growth is going to continue: GDP
and purchasing power, ageing, and techno-
logical progress. The global market volume is
expected to reach USD 20 trillion by 2030.

The disease profile around the world is
changing. Fortunately, poverty-related dis-
eases and deaths are on the decline, while
chronic and age-related diseases such as car-
diovascular conditions are on the increase.
Prosperity-related diseases such as diabetes
are also on the rise: the World Health Organ-
ization (WHO) estimates that the number of
cases of diabetes mellitus type II will increase
by 39% and the number of deaths caused by
it will have risen by about 70% by 2030. An-
other prominent example is dementia: the
WHO predicts a 140% increase in occurrence
by 2030. A large proportion of these patients

will be in need of full-time care.

Technical progress in terms of process im-
provements, newly discovered drugs, bio-
technological active ingredients, diagnostics
and medtech processes leads to contrasting
effects: on the one hand, it enables us to cure
previously incurable diseases (e.g. some

forms of cancer). These desirable effects lead

to additional treatment costs and generally
also to an extended use of the healthcare sys-
tem. On the other hand, there are learning
curves like in any other industry: shorter oc-
cupancy of hospital beds, process cost sav-
ings due to e-health and discovery of new
treatment methods. The bottom line is that
costs are rising due to technical progress, be-
cause the additional treatment costs out-
weigh the benefits gained from efficiency im-
provements. Especially in the wealthy coun-
tries, technological progress in the medical
sector continues to be one of the main rea-
sons why healthcare markets grow faster
than GDP. This is indicative of a social pref-
erence, because societies have always chosen
to devote a large proportion of their wealth

to prolonging and improving life in the past.

The healthcare industry plays an important
role in German foreign trade. With exports
worth almost EUR 80 billion and a trade sur-
plus of EUR 15 billion, it contributes to the
positive trade balance of the German econ-
omy. After automotive, machinery, chemi-
cals, and electrical and optical products, the
healthcare industry is the fifth largest export
sector. Exports increase by over 5% per an-
num. Some 70% of exported products and
services of the healthcare sector are pharma-
ceuticals and medical technology. Medtech
companies export to countries around the
globe. The largest buyers are France, Russia
and the Netherlands. What is striking is the
fact that the USA account for more than 50%
of the remaining exports outside Europe. In
many markets, German medtech companies

enjoy an excellent reputation. In the United



States, the majority of imported medical tech-
nology comes from Germany. The same is
true for Saudi Arabia, Russia, and Poland. In
Brazil, India, China, Argentina, Australia,
South Africa, and Turkey, Germany is the
second biggest supplier of medical technol-

ogy.

The market for medical technology is a global
growth market in which innovation ad-
vances at a rapid pace. Due to the sharp in-
crease in competitive and cost-related pres-
sure, stricter regulatory requirements, and
the new challenges posed by digitization, the
industry is currently undergoing fundamen-

tal transformation in Germany and Europe.

According to the German Medical Devices
Act (MPG), medical devices include all in-
struments, appliances, devices, substances,
and preparations consisting of materials or
other objects, whether used individually or
in combination, including software specifi-
cally intended by the manufacturer to be
used for diagnostic or therapeutic purposes
and software required for the proper func-
tioning of a medical device to be used in hu-

man beings for the following purposes:

= Detection, prevention, monitoring,
treatment, or relief of diseases

= Detection, monitoring, treatment, re-
lief, or compensation of injuries or dis-
abilities

= Examination, replacement, or modifi-

cation of the anatomical structure or a
physiological process

Medical devices are used in various areas of
application:

= Hospital technology (e.g.: surgical ro-
bots, emergency stop buttons)

= Medical devices (e.g.: pacemakers,
tooth implants)

= Diagnostic imaging (e.g.: sonogra-
phy, x-ray)

= Tissue engineering (e.g. artificial or-
gans)

= Medical IT (e.g.: simulation of surgical
interventions)

Medical devices are divided into different
classes according to their risk potential for
human health.

Class Ill - High ris k potential
(e.g.: pacemakers, heartvalves, prostheses)

Class lIB - Increas ed risk

m (e.g.: dialysis machines, surgical lasers,
plates)

Yan V4 - Class IIA — Medium risk potential

(e.g.: diagnostic ultrasound, MRI, PET)
[AVAC Class | - Lowrisk potential
) gl] ﬂ '3, (e.g.: goggles, stethoscopes, wheelchairs)

Source: Medtech Europe, image: BVMed

The global medtech markets are dominated
by relatively few very large market players.
The ten leading global players have a com-
bined market share of 37% of total sales in the
industry, while 95% of medtech companies
are SMEs. In general, the market is highly
globalized. In other words, German SMEs
also compete with large corporations both at

home and abroad.

The top performers in the industry are
mainly companies from the U.S. The indus-
try is characterized by a consistently high

level of R&D efforts. Companies from other



40 . . . North America is the leading
Top-selling medical technology companies _
35 in 2016 in $ bn market for medical technol-
30
25 ogy, followed by Europe and
20 Asia. Europe is home to
1
1(5) about 25,000 medtech com-
5 I I I I II II II panies, half of which are
. . based in Germany and most
R S I f which are SMEs. In Eu-
R GG R & ¢ \%\e, of which are s. In Eu
N 500% & o o é‘é’b rope, some 650,000 people
& S 2 P ©
SO © work for medtech compa-
2027 m2016 nies, including about 210,000
jobs in Germany. The major-
70 . . .
« = Global device sales by segment until 2022 ity of European medtech
50 in S bn companies are based in Ger-
40
30 many, followed by the UK, It-
20 I II I I I aly, Switzerland, Spain, and
10
0 I I I II II II France. The average per cap-
& P S \@\0" & L (;;\(‘Qo Y,\\‘;S\ & & ita expenditure on medical
& o« %\°Q £ S FE S S technology in Europe is ap-
< o‘;;\o S o & d ) ) ° &Y P P
0.\7,%5\ L X prox. EUR 195 p.a., with the
\’b
& corresponding  figure for
6?4

m 2022 m2016

industry are entering the market and contrib-
uting their technological know-how and
their development and production expertise
to medical devices sector. The top-selling
branches of the medtech industry are cardi-

ology, imaging, and orthopedics.

Market
share

Market

size

North America 204 bn € 45%
Europe 127 bn € 28%
Asia 88bn € 19%
Rest of the world 37bn€ 8%
Germany 28 bn € 6%
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North America being approx.
EUR 380 p.a.

So far, Asia has been the third largest market
for medical technology after North America
and Europe. However, it is the fastest-grow-
ing market. One of the main reasons for the
rapid growth of the Asian market is the
growing middle class in China. By 2025, the
absolute size of the middle class is projected
to reach about 600 million people. What is
more, an increase in life expectancy among
the Chinese population is causing a rise in

demand for medical devices.

Important market trends include the ageing

population around the globe and the growth



of the emerging markets. According to the
U.S. Department of Health, the share of the
world’s population aged 60 and above will
grow from 23% to 32% by 2050 in the indus-
trialized countries. Considering that the age
profile of industrialized countries is particu-
larly high, the vast and fastest growing ma-
jority of people live in developing countries.
The emerging markets will continue to shape
the development of the medical technology

sector for the next 50 years.

A key technology trend is “smart medical
technology”. Smart medical technology of-
fers various benefits such as comprehensive
24/7/365 monitoring and care, personalized
therapy, improved prevention, higher aver-
age life expectancy, lower treatment costs,
etc. In order to be able to use digital ecosys-
tems, metrological data analysis, and evolv-
ing value-added services, medical technol-
ogy must be connected to the Internet of
Things by means of cloud services. Cur-
rently, fitness apps and watches are still pre-
dominantly lifestyle products, but also show
that a large proportion of consumers have
long arrived in the e-health era. Medical tech-
nology is about validating the real-time data
obtained and proving its clinical significance
in such a way that it can find its way into pre-

vention and therapy.

From a company perspective, it is important
to take advantage of the opportunities aris-
ing from the digital revolution and to offer
simple, user-friendly solutions to the patients
of the future. At the same time, medical sys-

tems such as anesthesia devices, pacemakers,

and magnetic resonance tomographs become
susceptible to attacks when connected to the
Internet. Security breaches of medical de-
vices are extremely critical for data protec-
tion reasons alone. Therefore, manufacturers
must ensure that users are effectively pro-
tected against unwanted third-party access
when it comes to the cyber security of net-

worked medical technology solutions.

Increasing regulation, increasing competi-
tion, and innovative technologies are bring-
ing about complex challenges for the indus-
try. For example, companies from outside the
industry, such as automotive suppliers and
software companies, are entering the
medtech market with their technological
know-how. Simultaneously, new market
participants must comply with special struc-
tures and stringent requirements for certifi-
cation and approval. Furthermore, the dual
hospital financing system applies to capital
goods. The reimbursement amount is also
determined by contractual reimbursement
prices. Companies from outside the industry
often underestimate the particularities of na-
tional and international standards and regu-
lations. Companies from the automotive sec-
tor, for example, have to prove that they have
a special quality management system for
medical technology in place. Software com-
panies must classify some of their products
as medical devices, which requires conform-

ity assessments and CE marking.

The market for medtech products is very in-
ternational. In other words, German SMEs

also compete with large corporations both at



home and abroad. German SMEs often pur-
sue a long-term corporate strategy combined
with a high level of flexibility. The focus is

mainly on high-margin niche segments.

= Differentiated premium segment: pre-
mium products that differ from com-
petitive offers on the market and
cover a special niche.

= Value segment: tailor-made solutions
for customers at a lower price com-
pared to the premium segment.

Ranking

Company

Fresenius Medical Care
Siemens Healthineers
Roche Diagnostics

B. Braun

Paul Hartmann
Dragerwerke

Karl Storz

Carl Zeiss Meditec
Otto Bock Healthcare

0N U A WN R

Vo]

Market leaders in Germany (data from 2017)

Medical technology companies must deal
with the following exogenous influences and

position themselves accordingly:

= Digitization: Companies must align
their business models with the digital
age to remain successful in the long
run. In doing so, they must comply
with exigent data protection require-
ments for the use of sensitive per-
sonal health data.

= Cost pressure: The ongoing privatiza-
tion of the hospital landscape, the
bundling of demand in buying syndi-
cates, the gradual implementation of
DRGs (Diagnosis Related Groups):
The classification system for a flat-
rate billing procedure with which hos-
pital cases are assigned to case

Members of staff

groups on the basis of medical data in
order to determine the billing amount
and the increasing demands on ben-
efit assessment as a prerequisite for
reimbursement in the outpatient sec-
tor, are increasingly reducing gross
margins.

= Regulatory requirements lead to
more complexity, stringency and con-
trol

= Different regulations in connection
with the approval and distribution of

Turnover in $ bn MedTech products

90,690 16.74 in Europe, Asia,
45,000 12.93 and the USA must
88,509 9.99 be observed.

54,017 6.13 = Regulations
10,389 1.94  nhave a direct im-
13,500 1.58 | pact on technologi-

7,100 1.28 cal developments,
2,190 1.21 | the speed of inno-
6,522 0.77 | vation, market ac-

cess, and the implementation of inno-
vations in different markets.

Medical technology is a driver of innovation.
The number of submitted patent applications
illustrates the innovation efforts and dynam-
ics of the medtech industry. With almost
13,800 patent applications, medical technol-
ogy leads the list of technological fields at the

European Patent Office. In Europe, with

TOP1 0

Technical fields with most applications 2018
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1,323 patent applications in this technologi-
cal field, Germany has filed by far the most
applications in Europe, followed by the
Netherlands (868), Switzerland (598), France
(492), and the United Kingdom (339).

The Dutch Philips group has filed the highest
number of patent applications (761) in medi-
cal technology in Europe. Germany is by far
the strongest market for medical technology

in Europe, followed by Switzerland and

H Non-digital patents

France. Germany’s market position and in-
novative strength are excellent. Technologi-
cal product innovation in the field of medical
technology can secure and even expand mar-

ket shares.

As the number of European patent applica-
tions in the field of medical technology be-
tween 2005 and 2018 shows, there has been a
high level of innovation in this technological

field for many years.

Number of medtech patent applications
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Turnover in the medical technology industry in 2016 (in € bn)
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The B. Braun company

B. Braun Melsungen AG is an international
supplier to the healthcare sector providing
products and services for hospitals, physi-
cians in private practices, the home care sec-
tor, and extracorporeal blood treatment. The
company employs some 64,000 members of
staff in 64 countries, generates sales of almost
EUR 7 billion (2018), and is owner-operated.
The headquarters are in Melsungen, North
Hesse, and the CEO is Anna Maria Braun.

The B. Braun company was founded by a
pharmacy in Melsungen and acquired by Jul-
ius Wilhelm Braun in 1839. In 1864, his son,

Bernhard Braun, started producing plasters
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and migraine sticks. In 1867, the pharmacy
and the manufacture of pharmaceutical and
medical products were spun off into two sep-
arate companies, and the latter was regis-
tered under its current name B. Braun. To-
day, B. Braun is one of the world’s leading
suppliers of solutions for the healthcare mar-
ket, providing users and patients with prod-
ucts and product systems for anesthesia, in-
tensive care, cardiology, extracorporeal
blood treatment, and surgery. In total, the
product portfolio comprises 5,000 products
and 120,000 line items, 95 percent of which
are manufactured in-house. Supplementary

services and consulting offers make B. Braun



a system provider. With its products and ser-
vices, the company contributes to optimizing
workflows in hospitals and medical prac-
tices, and to improving safety for patients,

doctors, and nursing staff.

B. Braun’s business is subdivided into four
divisions:
= Hospital Care equips hospitals and is

a leader in clinical care and inpatient
care products

= Aesculap is the global market leader
for handheld surgical instruments

= Qutpatient Market takes care of pa-
tient care outside of hospital opera-
tions, and of chronically ill or long-
term patients

= B. Braun Avitum is one of three global
full-service providers for extracorpo-
real blood treatment (dialysis)

In 2017, brandeins business magazine and
the Statista statistics platform voted B. Braun
one of Germany’s most innovative compa-
nies in the field of medical devices and prod-
ucts. B. Braun solves customers’ problems in
these fields by combining innovative prod-

ucts and services with intelligent processes.

B. Braun is also part of the digital revolution
in healthcare leading to Medicine 4.0. In ad-
dition to digitized products, which in turn
are created in digital production networks, B.
Braun also offers digital service solutions. In
the age of digitization, innovations are devel-
oped faster than ever before, because with
ever-increasing international competition, it
is essential to constantly optimize products

and services. The aims include improving

clinical processes through digital solutions
and providing customers with greater bene-
tits at a lower cost. B. Braun has developed
its own digitization strategy to position itself
in the ever-changing digital medtech ecosys-
tem. At B. Braun, digitization is not seen as a
short-term trend, but as a process of continu-
ous further development across all divisions.
In this context, the company is also focusing
on cultural change. Employees are learning
to think in terms of end-to-end networking to
an even greater extent. 80 percent of digital
transformation consists of change manage-
ment, the successes of which are becoming

increasingly visible.

It is therefore not surprising that B. Braun has
been awarded a large number of prizes. In
2017, the company received the “Digital
Transformer of the Year” award, which is
about the visibility of transformation suc-
cesses. B. Braun came first ahead of BASF in
the Life Sciences category. With its
“werk_39” concept and the B. Braun Innova-
tion Hub, the company also successfully
manages the balancing act between struc-
tured daily business and an agile start-up at-
mosphere. The werk_39 innovation lab won
the “Digital Lab Award” ahead of Merck,
Boeing, and Volkswagen in 2019. The Inno-
vation Lab is deliberately located outside the
main plant of B. Braun’s subsidiary, Aescu-
lap, in Tuttlingen, Swabia, and was inaugu-
rated in 2017. With a core team of ten, the la-
boratory specializes in developing digital so-
lutions for clinical processes and new busi-
ness models for customers beyond the actual

product.



The following brief story illustrates how the
customer journey for a fictitious patient
called Karla is going to change over the next
20 years. Karla is 45, lives in a Central Euro-
pean city, is a non-smoker, works out and
eats a flexigan diet, which is very common in
urban environments in 2040. The flexigan
diet is predominantly plant-based, but may
occasionally include products of animal
origin. However, stress continues to be a
strong negative lifestyle factor in 2040 and
many people still suffer from it. What is
more, Karla has a genetic predisposition that
increases her risk of cardiovascular disease.
Karla has suddenly collapsed in the canteen
while eating lunch, because she had a heart
attack. But her colleagues do not call an am-
bulance. All they do is carefully put her in an
upright position, because she is wearing a
vest that takes care of initiating the necessary
first aid procedures. The smart garment uses
integrated sensors to measure ECG data,
Karla’s heart rate and skin conductivity, and
uses a piece of software to establish Karla’s
health data, including prior conditions and

genetic predispositions. The software detects

a critical situation — Karla’s heart attack — and
sends this information to Karla’s smart-
watch, which now flashes red like a traffic
light and informs emergency services, who
are already on their way to take Karla to the

hospital.

The hospital of the future will look com-
pletely different due to extensive networking
between hospitals, doctors, and individual
hospital departments. The amount of availa-
ble medical data, including blood counts, ge-
netic data, experimental data, study data and
smartphone app data has been growing ex-
ponentially and will continue to do so. Mo-
lecular medicine generated more data in 2015
alone than in the 15 years from 1990 to 2015.
If this data can be circulated without privacy
concerns and made available to physicians
and nursing staff at all times in 2010, it will
allow researchers and doctors to determine
connections between health conditions and

find potential cures, which in turn will lead



to a digital revolution in the healthcare sec-

tor.

Karla has arrived at the hospital. The doctors
have already studied all the important infor-
mation about Karla on their tablet or on their
augmented reality goggles before she even
arrives there. Filling in lists and forms is a
thing of the past. Especially the comprehen-
sive ECG analysis Karla’s vest has performed
over several months is extremely valuable
now. Even continuous long-term data re-
garding the composition of her breath and
providing information about Karla’s metab-
olism is available, because it has been rec-
orded by sensors in her bed while Karla was
asleep. In 2040, patient files are no longer
held by each individual healthcare provider,
but are available at all times to all doctors in
the form of digital patient records. In addi-
tion, doctors use special software and global
databases where they can verify their diag-
nosis by matching them with other cases
worldwide. But patients can help, too. The
vest had warned Karla of a potential heart at-
tack via her smartwatch two days ago, be-
cause the sensors had picked up irregulari-
ties in her ECG data. Karla did not see a doc-
tor, because she was too busy at work and

generally negligent.

For Karla, the availability of comprehensive
data means first and foremost that her diag-
nosis is significantly more substantiated than
it used to be. What is more, she receives the
right therapy faster, which has a major im-

pact on her chances of recovery, especially

when it comes to conditions such as heart at-
tacks. And because Karla is instantly taken to
the hospital, there is a very good chance that
as much heart tissue as possible can be pre-
served and she will not suffer from chronic

heart failure at a later stage.

The way hospitals are organized will also
have undergone dramatic changes by 2040.
Traditional hospitals often have a pavilion
structure where departments are widely
scattered, sometimes across separate small
buildings on the hospital grounds. This is
highly inefficient and causes critical points at
which goods and people are concentrated.
With the right planning, hospitals can pre-
vent sources of error and save time. Within
minutes of arriving at the emergency depart-
ment, Karla is taken to the operating room
without having to leave the building. The
structural arrangement of the departments is
compact, and everything that is connected
within the same process is located within the

same building.



Karla arrives at the operating room at break-
neck speed. The operating theater looks sur-
prisingly empty, because the OR of the future
needs far fewer equipment. Large screens for
MRI images or X-ray tubes are a thing of the
past. In most cases, the surgeon and the pa-
tient are the only people in the room. The sur-
geon can zoom in on the patient and individ-
ual body parts using the integrated display
of his smart goggles, and has all the im-
portant information on a single screen right

in front of their eyes.

And because a piece of software has decoded
and analyzed Karla’s DNA many years ago,
the doctors are able to select the best surgical
method for her genetic setup. Before the pro-
cedure, Karla’s surgeon checks the settings of
the surgical robot. The surgeons of the future
routinely use fully automated surgical robots
for many clinical indications, creating a kind
of teamwork routine between people and
machines. The duration of surgical proce-
dures is significantly reduced, and patients
lose less blood and experience less post-sur-
gical pain. Implants are made to measure us-
ing a 3D printer and include smart features

such as the delivery of suitable medication.

For Karla, this means that her stent, which is
placed with utmost precision and minimal
blood loss by a surgical system, releases ac-
tive ingredients and sends a message to the
physician’s smartphone in the event of com-

plications.

Karla takes no notice of any of this. She is se-
dated and the depth of her anesthesia is con-
tinuously monitored via her breathing. Pa-
tients primarily notice the smartness of a
smart hospital because there are fewer dis-
ruptions, shorter waiting times, fewer prob-
lems, and because the staff have more time to
look after them in quieter surroundings.
When Karla wakes up in her smart hospital
bed, she can expect a much shorter idle time
than before. The hospital bed is also
equipped with respiratory gas analysis and
continuously monitors various indicators in

Karla’s breath.

Karla is in pain, feels anxious and uncomfort-
able. She calls a nurse who immediately ap-
pears on a screen. A camera allows the nurse
to see Karla. The nurse sees all of Karla’s de-

tails on his tablet and can assess her precise



condition. He provides reassurance and con-
trols drug delivery. He will be with Karla in
person within just a few minutes and ar-

ranges a visit by the attending doctor.

Respiratory gas analysis has been used in
medical diagnostics since ancient times. Even
the ancient Greeks knew that diseases had a
smell. Hippocrates paid attention to unpleas-
ant smells as an indicator of possible health
conditions. A sweet and fruity breath is an in-
dicator for diabetes, for example, while an
odor comparable to that of ammonia is indic-
ative of a potential kidney problem, and a
strong smell of decomposition is common in
lung abscesses. The vision of respiratory gas
analysis is a key foundation of Medicine 4.0.:
data-based, non-invasive (in contrast to
blood samples), always available online, and
ideally embedded, i.e. virtually invisible or
integrated with the environment. Breath tests
and continuous breath monitoring could
soon become everyday practice. angina pec-
toris, organ rejection, lung tumors, or sleep
disorders will likely be identified by analyz-

ing patients” breath going forward.

In the early 1970s, Nobel Prize winner Linus
Pauling was the first to chemically examine
human breath and discovered that the air we
exhale consists of over 200 different gaseous
substances. Numerous organic compounds
(VOC, volatile organic compounds) can be
detected and qualified in the exhaled air. The

new occurrence of VOCs, changes in concen-
tration, or abnormal patterns of several com-
ponents appear to be characteristic of specific
diseases. Rapid advances in technology ena-
ble the detection of tiniest traces of chemical
compounds in the air we breathe. And these
traces create a gaseous fingerprint deter-
mined by the distribution of volatile sub-

stances.

Gas chromatography coupled with mass
spectrometry is the gold standard of respira-
tory gas analysis. However, these devices are
unsuitable for mobile use as well as being
cost-intensive and requiring extensive tech-
nical knowledge. For that reason, newer de-
velopments such as the “electronic nose” or
ion mobility spectrometry (IMS) are used for
bedside applications. The key advantage of
these systems is that they enable a direct
analysis at the patient’s bed without having

to prepare the sample first.

Compounds originating from the ambient air
or from technical devices must be identified,
as they do not belong to the patient's signa-
ture under investigation. In ventilated pa-
tients, the ventilation machine itself and the
gas mixture used for ventilation can be a

source of interfering substances. Depending



on the measuring method used, these back-
ground signals can make it difficult to iden-
tify the exhaled substances. Examples for the
potential application of respiratory gas anal-
ysis include propofol (anesthetic) monitoring
in the exhaled air, the impact of diseases rel-
evant to intensive care, and data from animal

testing.

Drug monitoring by determining plasma lev-
els of antibiotics and other substances has a
firm place in intensive care. The main ad-
vantage of respiratory gas analysis is its non-
invasiveness. What is more, blood test results
only become available with considerable de-
lays, are cost-intensive, and cannot be re-
peated an unlimited number of times. The
number of drugs that have been detected in
exhaled air is still relatively limited.
h"""‘h "
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With sedation or general anesthesia, an
online determination of the concentration of
anesthetics in the breath is advantageous in
order to avoid administering an overdose or
underdose, and to ensure a quick and safe
awakening of the patient, or to prevent the
patient from waking up during surgery. In
anesthesia, the measurement of the concen-

tration of airborne volatile anesthetics in the

breath is standard practice and was intro-
duced to the clinical routine in the 1970s.
However, the concentration is in the percent-
age range and can easily be detected using
simple visual methods. With intravenously
administered anesthetics, only propofol
could so far be detected in exhaled air. How-
ever, exhaled propofol concentrations are in
the trace range (ppb, parts per billion). This
low concentration, the pronounced adhesive
tendency of propofol, and the humidity of
exhaled air pose particular challenges for the

development of a precise measuring method.

The “Edmon” propofol monitor has been
available as a medical device in Europe since
2017 to measure the concentration of
propofol in the exhaled air of sedated or
anesthetized patients. The measuring princi-
ple of the Edmon is based on ion mobility
spectrometry and allows one reading per mi-
nute. In clinical studies, a very good correla-
tion between propofol concentrations in ex-
haled air and in the plasma could be demon-
strated in a pharmacokinetic model. For the
first time, this enables the non-invasive mon-

itoring of intravenous propofol application.

Clinical pictures in intensive care have a pro-
nounced influence on metabolic processes,
which are often reflected in changes in the ex-
haled air. Heart failure, for example, is diag-
nosed primarily based on the patient’s clini-
cal symptoms. In addition, the chemical anal-
ysis of the serum levels of “pro brain natriu-
retic peptide” (pro-BNP) in the laboratory

can support the diagnosis.



B BRAUN

https://youtu.be/Y StX2xE9sY

In patients with decompensated heart fail-
ure, however, elevated concentrations of the
alkane pentane were also found in respira-
tory air. Furthermore, the concentration of
volatile acetone correlated positively with
the NYHA classification (New York Heart
Association). Acutely decompensated pa-
tients could be differentiated from compen-
sated heart failure patients with a precision
similar to that of BNP determination. Pa-
tients with heart failure and increased ace-
tone concentrations in the exhaled air
showed an increased 1-year mortality and a
greater probability of needing a heart trans-

plant within one year.

THERAPEUTIC DRUG MONITORING

o 002/3:44

https://lyoutu.be/OVpMWMysRIw

It is evident that different diseases can be di-
agnosed at an early stage by analyzing ex-
haled air. The main advantage lies in the abil-
ity to take non-invasive and continuous
measurements, even over long periods of

time, and thus to monitor them.
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PART I

To address the various future fields of activ-
ity and challenges posed by digitization in IP
management, B. Braun has developed an
AIPM (active IP management) initiative,
ready to be implemented. Intellectual prop-
erty management is a collective term for stra-
tegic and operational activities, as well as
management tasks that are part of the com-
mercially oriented handling of intellectual
property (IP). At B. Braun, IP management is
understood as holistic and integrated man-
agement based on the systematic planning,
management, and monitoring of intangible
benefit potentials. The overall goal is to sys-
tematically build success by optimizing the
appropriation of returns on innovation. The
Edmon project, comprising a sampling sys-
tem, a device, a system, processes, and work-
flows, was used as a pilot for the systematic
development of a 360° IP strategy, which is
ready to be subsequently implemented at B.

Braun beyond Edmon.

The initiative focuses on three main areas:
process adjustment, information manage-
ment, and know-how. The strict regulatory
requirements for medtech companies make
the economic optimization of IP manage-
ment a major challenge. The goals of the ini-
tiative included:

= Process adaptation: Detailed descrip-

tion of the process elements relevant
for the design of the IP strategy; iden-

tification of the interfaces and integra-
tion of the IP process elements into
the innovation process; structural in-
clusion in audit specifications

= |nformation management: Establish-
ment of company-specific taxonomy
structures; systematization and docu-
mentation of project-specific data
such as exclusivity targets, customer
benefits and relevant system compo-
nents, provision and processing (incl.
evaluation) of relevant patent infor-
mation; permanent monitoring of the
portfolio with regard to the achieve-
ment of strategic goals (controlling)

= Know-how development: Skills devel-
opment; IP management as an inte-
gral part of the training plans of rele-
vant employees; development of a
seminar offer; integration into the
company-wide e-learning concept;
communication of the measures
The main task of the initiative is the integra-
tion of IP management as a creative part of
the innovation process. To this end, IP is in-
tegrated into the innovation process at the
earliest possible stage at which the question
of the customer benefit to be provided and its
constructive implementation can still be in-
fluenced. The goal is a two-way interaction
between IP and innovation management for
a successful market organization. IP manage-
ment is understood as an integrated manage-
ment system. Based on the existing technol-
ogy and patent-driven processes, IP is inte-
grated into other processes such as innova-
tion, information, and marketing processes.
The central IP process is essentially carried

out by the company’s own IP department, if



necessary in cooperation with external IP ex-
perts or patent attorneys, and with the inven-
tor. The traditionally close link between pa-
tent work and the R&D department results in
the occurrence of the phenomenon of ‘opera-
tional islands” which are decoupled from the
rest of the company. This effect can be over-
come by integrating IP management with ad-
jacent corporate functions. Integrated IP
management is by default interdisciplinary.
The systems of objectives and methods, in
particular technology management, corpo-
rate and competitive strategy, marketing,
and innovation management, are unified in

IP management.

The overall goal of IP management is to sys-
tematically increase the company’s success
by optimizing the appropriation of economic
returns from the company’s innovation ac-
tivities. In competitive differentiation, this
means that an exclusive, enforceable, and
sustainable customer benefit is required,
which can be achieved with the help of IP.

This general objective must be defined and
specified more precisely within the frame-
work of the Edmon IP strategy in order to ul-
timately arrive at a consistent package of
measures which can be monitored and con-
trolled in its operational implementation. As
a central element of IP management, IP strat-
egy — in keeping with Chandler’s concept of
strategy (1962) — defines the long-term goals
with regard to the company’s intellectual
property, as well as the corresponding guide-
lines for pursuing these goals and the re-

sources to be made available to that end. This

includes in particular the identification of the
IP required, which can be derived from the
desired IP position needed in order to
achieve the company’s goals, plus the defini-
tion of the financial and human resources, as
well as the organizational framework re-
quired for their implementation. IP strategy
takes into account the various strategic op-
tions and derives from this the necessary
measures for using IP as a means of actively
and continuously developing the company’s

market position.

Depending on its orientation, a company's IP
strategy can either be primarily offensive or
defensive in relation to its competitors. In
practice, it is expedient to pursue hybrid
strategies that include both defensive and of-
fensive elements and are adapted on an on-
going basis. For a company the size of B.
Braun with very different lines of business
(see above), the basic orientation must be ad-
justed to reflect the company’s competitive
situation, position in the industrial value
chain, customer structure, innovation cycles,

etc.

In order to create a sustainable sphere of ex-
clusivity, IP management essentially has the
following four areas of responsibility, which

are both resource and market-oriented:

= Managing risks: The company must
be able to identify and control all risks
arising from IP — especially third-party
IP — along its value chain at an early
stage in order to gain the freedom of



Innovation process

Generation of ideas Fraduct plapning

Economic and
Idea evaluation (SWOT)

technical feasibility

Testing & validation
Development Production &

Prototyping

Product design launch

Serial development

Evaluation of
highly IP-efficient
fields of
innovation

Project approval IP creation

by IP
Strategy
development

Coordination of
project goals /
project planning

Scenario/
definition
Exclusivity goals

Identification of
system
components

Interviews
Data collection /
Stakeholder
briefing

IP-FD creation

360° IP strategy
and goals matrix

Phase 1 — Defining the
requirements

action needed to implement and safe-
guard its own business model in the
long term.

= Suppressing imitation: Avoidance of
imitation by making exclusive the
company’s own resources and core
competencies which are necessary to
create the most exclusive and supe-
rior offer position possible.

= Designing a unigue market position:
Securing own market access through
strategic prohibition against the com-
petition. Future products, services,
and technology fields of the company,
as well as the associated customer
benefits, should be made exclusive
for the company today. In doing so,
the prohibitive effect associated with
IP is purposefully used as a barrier to
market entry, thus establishing an ex-
clusive market position.

Ensuring competitiveness / Risk management

Invention
environments1/

Synthetic inven .
Invention

environments2 /

Synthetic iny .
Invention

environments3 /
Synthetic inventing

Invention
environmentsn /
Synthetic inventing

Communication of unique customer
benefits / advantages

Phase 2 — Meeting the requirements

= Communicating the unique market
position: Creation and maintenance
of the differentiation potential and the
unigue position as perceived by the
customer. The task of IP manage-
ment is not only to objectively estab-
lish a unique position, but also to
communicate this position to the cus-
tomer.

Product

Present Continuity

(U]
Managing
Risks

(V)
Communicat-
ing the USP

Customer

(1)
Suppressing
Imitation

Designing the
market
position

Technology
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The figure below shows the process and
strategy perspective for the systematic devel-
opment of a 360° IP strategy along an inno-

vation process.

Product innovation process

Basic
research / Applied Pre-
market research development
analysis
Focus area

FOA (Freedom of Action) research

Technology analysis — State of the art — Freedom to operate

Development

wide IP management system, are not just

part of the IP department.

Production &

launch USP
communication

Risk
protection

Imitation

IP needs assessment

Idea
evaluation

The task of IP management is not only to ob-

jectively establish a unique position, but also
to communicate that position to the cus-
tomer. To meet the objectives of IP manage-
ment, the company must ensure the imple-
mentation of necessary and meaningful pro-
cesses. The processes describe the essential
challenges for IP management, while docu-
menting tasks and goals, control criteria and
resources, and the roles of the individual
stakeholders.

The integration of IP management processes
into the company's core processes is of cru-
cial importance, both in terms of input and
output factors, and in relation to the process

owners, who, in the context of a company-

protection

Strengthening
IP design of the market
position

360° IP-
strategy

Pursuant to DIN 77006, IP management en-
compasses a process landscape that essen-
tially consists of the following main pro-

cesses:
= |P strategy
= |P generation
= |P administration
= |P risk management
= |P enforcement
= |P defense
= |P transactions
= |P reporting

= |P awareness
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Information management

Integrated information systems are of crucial
infrastructural importance for IP manage-
ment. The figure below shows the derivation
of the four most important elements of IP
strategy development from the analysis of
the internal and external information at
hand. The data is structured by developing
several taxonomy systems. In other words, it
is classified according to uniform categories
which are suitable for the company or even
the industry, and that allow the presentation,
comparison, and further development of in-
dividual IP strategy projects using shared
terminology. The effect of changes in the tax-
onomy, such as the addition of a new tech-
nology or a change in the customer’s benefit
perception, on the various projects can thus

be captured and incorporated into a new op-

Market

Environment N : « Stateof the art

Technology

* Components
*  Procedures
*  Functions

Innovation

*  Market
Know-how

*  Methods

Business mode| -l

is stored in

Information

Structures of IP information management

Patent information system:
* System and market competitors

* Technology structures

Taxonomy system: technology

Taxonomy system: know-how

* Core components

Taxonomy system: benefit
*  Exclusivity goals

*  Marketing claims

* Customer benefits

Structures

portunity/risk assessment. The regular re-
view and adaptation of the taxonomy, as well
as the monitoring and evaluation of the pa-
tent literature turn static IP strategy develop-
ment projects into dynamic IP strategy devel-
opment processes. If the information is struc-
tured and processed by such a system, and
made available to all decision-makers at the
point in time in the process when the neces-
sary strategic decisions are made, then the IT-
related prerequisites for strategic IP manage-

ment are met.

A prerequisite for an efficient exchange of
data and continuous updates of the IP infor-
mation system is the decentralized responsi-
bility for data maintenance, i.e. the transfer of
responsibility to the data source. Information
thus becomes a means of process integration
and workflow design is geared to the re-
quirements of the decision-making gate-

ways. This enables a faster detection and

Information elements of IP strategy development

Competitors

System
components

Customer
benefit

Application
scenarios

provide the basis for IP strategies
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Business model
Innovations

Strategy project
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Evaluation 1
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Stakeholders
Project

Project roles
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T IP-FD el t
the ,Innovation’ SIEMED
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Evaluation
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Exclusivity goals
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“Innovation” ERIE iRy

Mapping

Taxonomy
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customer benefit

Evaluation 2
Prioritization of
customer benefits

Taxonomy
technology
(3 levels)

System
components

Evaluation 3
Contribution to value
creation
Resource allocation

Search profiles

Data storage

s
elimination of information deficits, and is the
only way to ensure the quality of the deci-
sions derived from such a system. The defi-
nition of processes, as well as the formal de-
scription of the structuring and processing of
the information elements of IP strategy de-

velopment in a reference model, enables an
efficient implementation within the com-
pany.

The reference model serves as a model for the
construction of company-specific models
that reflect the individual circumstances of
the enterprise. A simple data structure
model, which is the basis for redesigning or
adapting proprietary information structures
to support the IP strategy development pro-
cess, is set out in the figure above. This model
meets the minimum data storage require-
ments from an IP perspective and provides

interfaces to other company information sys-

Classification Characteristics

IP-FD correlation

tems via the information elements of innova-
tion, competitors, customer benefits, and sys-

tem components.

Know-how development

The developed IP management system,
ready to be implemented, distinguishes be-
tween the tasks of IP experts from the patent
or IP department, and the IP management
functions that are assigned to the relevant
employees in sales, marketing, product man-
agement, R&D, etc. These tasks primarily in-
volve the identification of IP-relevant links
with the aim of involving the relevant ex-
perts in good time and making decisions
based on the IP-related information at hand.
Suitable training courses shall ensure that the
company’s employees are equipped with the
technical competences as well as the right
motivation to use the new IP management
system. The implementation will take place

by means of a modular and flexible training
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concept in which learning content is consoli-
dated for specific target groups and project
work is supported by coaching. On the one
hand, this creates awareness of IP and the ob-
jectives of an IP strategy among employees
who had previously not been familiar with IP
from their training and work, as IP was not
seen as a strategic marketing tool. On the
other hand, members of technical staff with
previous experience in dealing with IP from
providing qualified input to the IP depart-
ment in their role as inventors, need to be
trained and educated in generating IP by
means of synthetic inventing. But even the
experts in the IP department need training in
order to explain the new approach to IP and
to show ways of aligning service and consult-
ing tasks even more closely with the attain-

ment of business objectives. Know-how de-

velopment is essential when it comes to sup-
porting and making sustainable change pro-

cesses within the company.

In addition to developing technical skills, a
key objective of training courses is to moti-
vate employees in dealing with the chal-
lenges of IP management. As a result, a pre-
liminary process and requirements analysis
is an indispensable prerequisite for a custom-
ized and target group-specific training con-
cept. The seminar content was initially devel-
oped on the basis of cross-industry case stud-
ies and allows employees to transfer the ba-
sics of IP strategy development to less com-

plex internal implementation scenarios.

With the dissemination of the methodology
throughout the company and growing em-
pirical knowledge from real-life innovation
projects, the seminars can then be tailored

more closely to the company’s specific needs.
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As part of the transfer of IP management into
the standard process organization, the ex-
perts from the IP department will then as-
sume the role of coaches for the implementa-
tion of new IP strategy development projects,
providing methods and tools, and acting as
sparring partners for the familiarization with
the new tasks. This allows individual em-
ployees or project teams to receive intensive
support and to develop the necessary confi-
dence in coping with the new tasks through
direct feedback.



PART Il

B. Braun is confronted with the digital transformation of the healthcare ecosystem. In addition to
high complexity, this ecosystem is also characterized by a vast number of regulatory require-
ments. These requirements deeply affect the processes of medtech companies, their products, in-
novation, and technology, including times to market. B. Braun stands out in terms of innovation
competence by not just offering isolated products, but by understanding the sometimes highly
complex processes of its customers, and offering holistic, integrative solutions and benefits. The
AIPM initiative has strengthened B. Braun’s ability to better capture and derive exclusivities from
its actual innovation performance by means of IP, and to better support the increasingly digital

approaches, including the user perspective.

Contact
Alexander Wurzer
alexander.wurzer@ceipi.edu



What is the MIPLM? o

w

CEIPI MASTER OF

marks a new era as our economies increasingly rely on knowledge-

based production processes and services. Consequently, the institutions responsible for educa-
tion and research in the field of intellectual property law in Europe must provide appropriate
training for staff from the respective professional environments to acquire or reinforce their abil-
ity to initiate, control, protect, exploit and increase the value of intangible assets. The
knowledge-based economy integrates research and development activities, innovation, industri-
alization and the marketing of products and services including intangible assets and completely
revolutionizes enterprise management. It creates new professions specialized in dealing with in-
tangible assets: this branch of law attracts consultants and intellectual property experts from
among managers, jurists and lawyers. Indeed, every innovation process generated by new eco-
nomic activities assumes the intervention of the law, the installation of tools and structures for
developing or planning in order to control the intangible assets and to optimize their valoriza-
tion. It has therefore been the duty of CEIPI, University of Strasbourg, as a leading center for In-
tellectual Property Studies in Europe, to propose a master program on "IP Law and Manage-
ment" (MIPLM) since 2005, which complements the existing training course for engineers, scien-
tists and lawyers. This "European” master program features a continuous training scheme aimed
at experts in the field of intellectual property. It provides a genuine education program based on
an investigation carried out in large enterprises in Europe. The teaching staff comprises academ-
ics and experts from various countries, renowned for their work and competence in dealing with

the impact of intellectual property on the policy of enterprises.

M. Yann Basire
Director General of CEIPI



has become a crucial factor and driving force in the knowledge-

based economy. The economic development and the competitiveness of companies increasingly
depend on the generation and exploitation of knowledge. Intellectual property can convert in-
vestment in corporate knowledge creation into economic benefits. Thus IP-based appropriation
strategies form the basis for creating wealth and competitive advantages for companies from
their R&D and innovation activities. The development and implementation of sustainable strate-
gies for IP exploitation require a concerted integration of the disciplines involved in order to
achieve an interdisciplinary perspective on IP. In a knowledge-based economy, companies can
only achieve a competitive edge by combining the economic, legal and technological sciences. IP
management within such a holistic approach provides optimized appropriation strategies and
thus essentially contributes to the creation of wealth within a company. Accordingly, IP man-
agement needs skilled managers who can combine the economics of intangible assets in an intel-
lectualized environment with multidisciplinary knowledge in order to maximize the benefits of
IP. A new type of competencies, skills and underlying knowledge enters the arena of manage-
ment and management education. The increasing impact of intellectualized wealth creation by
investment in knowledge, R&D and innovation followed by its exploitation and IP-based appro-
priation calls for seminal new education concepts. The CEIPI program "Master of I Law and
Management" offers such a new type of management education. It follows an intrinsically multi-
disciplinary approach to meet the challenges and requirements of the knowledge-based econ-
omy. This master program combines legal, economic and management sciences and includes
lectures from leading scholars in the field of IP law and management. Its ultimate objective is to
qualify experienced IP professionals for acting as practically skilled IP managers with a sound

knowledge of the principles of wealth creation in our knowledge-based economy.

Alexander J. Wurzer
Director of Studies, CEIPI | Adjunct Professor
Director of the Steinbeis Transfer Institute Intellectual Property Management



Intellectual property and economics in the present context

are two disciplines that exist in parallel.

Experts are found in each discipline, but with a lack of mutual understanding and training. Both
"worlds" are nowadays bridged by experts, called IP managers, who link both disciplines through
knowledge and experience. The CEIPI studies pursue a holistic approach and engage experts for
the developing market of an IP economy. They are experts for basic economic management pro-
cesses with specific assets. Management is understood in the broad sense of an overall company

management and accordingly divided into six general functions:

= 1. Strategy

= 2. Decision i

. n
= 3. Implementation
= 4. Organization CEIPI MASTER OF
= 5. Leadership
= 6. Business Development

On the basis of this differentiation skills should be allocated to management functions, and rele-
vant knowledge to the functions and skills. The teaching concept focuses on both areas, skills and

knowledge, as relevant to business with intellectual property.

Skills can be allocated to the specific management functions as relevant to the practical work
within IP management. The skills are thus determined by the daily challenges and tasks an IP

manager encounters.

For example, the "Decision" function includes skills such as "valuation and portfolio analysis tech-
niques", and "Organization" as a function requires skills to manage IP exploitation and licensing
including economic aspects as well as contractual design and international trade regulations with

IP assets.

Special knowledge of economy and law is required in order to implement and deploy these skills
in business. This includes knowledge of economic basics such as function of markets and internal
and external influence factors. Additional management knowledge is also included such as value-

added and value-chain concepts.

The legal knowledge includes contractual and competition law, and special attention will be paid
to European and international IP and trade law, e. g. litigation, licensing, dispute resolution. Fol-
lowing this concept, IP law and management can be combined in clusters formed of specific skills

and knowledge defined within each management function.



The lectures have a high international standard; the lecturers possess a high reputation and long

experience in the teaching subject with academic and practical backgrounds.

The top-level experts come from the fields of law, economics and technology. The experts and the
students work closely together during the seminar periods. Exchange of experience and, as a con-

sequence, networking are common follow-ups.

n

CEIPI MASTER OF

This European master’s program was designed especially

for European patent attorneys, lawyers and other experienced IP professionals.

Its ultimate objective is to qualify experienced IP professionals to act as IP managers with the
practical skills and knowledge to deal with the new challenges of wealth creation and profit gen-
eration. Participants acquire first and foremost a new understanding of how intellectual property
works in business models and are conveyed the necessary skills to achieve the systematic align-

ment of IP management and business objectives.

The course provides an international networking platform for IP managers and in addition ena-
bles participants to build long-lasting relationships and to further develop relevant topics within
the field of IP management. Being part of this international alumni network also offers new job

opportunities and publication possibilities.
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