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THE DIGITAL TRANSFORMATION IN
HOSPITALS AND MEDICAL PRACTICES

The Fraunhofer Institute for Digital Medicine MEVIS
develops innovative software solutions for more precise
diagnoses and more effective therapies. The possibilities
are as varied as the challenges: Artificial intelligence and
self-learning algorithms will bring enormous advance-
ments to the clinical routine in hospitals and medical
practices. Simultaneously, these solutions call for new
structures, for example, in data privacy and interdisciplin-
ary cooperation.

»To develop new methods, we think in terms of partners-
hips, networks, and platforms. We cannot master these
challenges alone, which is why we collaborate with a
number of outstanding companies and university hospi-

»Most of today’s medical data is
gathered in digital form, including

accompany them in the future: Based on self-learning pattern
recognition, such a system could, for example, detect similar
past cases according to unusual disease patterns. Valuable
information could then be extracted: What treatments were
used at the time, and what were the results?

Detecting hidden patterns

Medical Al systems should be
able to analyze numerous clinical
parameters simultaneously,

including blood values, image

tals. This allows us to build a bridge between what is now

MR and CT
values, or genetic data,« says Horst

images, laboratory
Hahn, institute director of Fraunhofer
MEVIS. »However, these data have
not yet been sufficiently connected with each another, meaning
that not all of the information contained within can be used.«
Fraunhofer MEVIS is working on software-based systems that
can help accomplish this, including software platforms that re-
fine MRI and ultrasound diagnoses, optimize minimally invasive
therapies, or provide targeted assistance to determine the best
medication. The goal is precision medicine personalized to each
individual patient.

The journey towards this goal is filled with challenges. The
glut of available medical data and the growing number of
therapy options offer new opportunities, but also contribute
to the growing complexity of everyday medical life that must
be managed. »Computers can help manage this complexity, «
Hahn emphasizes. »Using methods from artificial intelligence
(Al), for example, we want to achieve medical care that can act
with more precision, integration, and efficiency.«

Today's oncologists, for instance, are hardly able to memorize
all available knowledge regarding the detailed differences
between different tumor types. A digital support system will

Our Institute Leadership: Institute Director Prof. Dr.-Ing.
Horst Hahn and Deputies Prof. Dr. Tobias Preusser and Prof.

Dr. Matthias Glnther (from right to left).

known as data science and biomedical knowledge. We do
this openly and interactively, in order to master the digital
transformation of medicine together with our partners.«
Horst Hahn, Fraunhofer MEVIS

data, and ECG measurement
data. The algorithms are likely
to detect patterns that, because
of their highly complex nature,
are inevitably invisible to the naked eye. These patterns may
improve, for example, the early detection of certain tumors and
thereby increase the chances of recovery.

High-quality data is the main prerequisite for data-driven
methods to function reliably. »Garbage in, garbage out,« is
how deputy institute director Matthias Gunther sums it up.
»Even the best algorithms can’t turn low-quality data into
pure gold.« It is also important to monitor image acquisition
automatically, for example, during an MRI scan to detect and
correct imaging errors as quickly as possible. Fraunhofer MEVIS
has already developed algorithms that promise exactly this.

A further challenge is that different clinics and equipment
manufacturers often collect data according to varying standards.
»This causes problems, for example, when comparing image
data within a multicenter study, « explains Gunther. »This is why
we are advancing methods to standardize such processes and
ensure image quality at the time of image acquisition.« Data
privacy must be guaranteed by methods such as decentralized
learning: Patient data should not leave the clinics; the algorithm
should come to the data and be trained on it.



The digital patient model

Carefully handling data is fundamentally essential for the digital
patient model, a concept that likely will play a significant role
in the future. »ldeally, everything we know about a particular
patient flows into this mathematical model,« says Tobias
Preusser, deputy institute director of Fraunhofer MEVIS, »This
might include different image data, various lab values, and DNA
genotypes and phenotypes.« This computer model then acts as
a sort of digital twin: To identify the best treatment, clinicians
can play through various therapy scenarios virtually.

»For example, this could help evaluate whether a patient is a
candidate for chemotherapy,« said Preusser, »or even a combi-
nation therapy. The evaluation of therapy options on the basis
of a virtual patient model has the potential to spare the patient
from unnecessary risks and side effects.« It is also plausible to
use digital patient models in clinical studies, for instance, when
developing devices or drugs.

In some cases, this might eliminate the need to perform an
experiment on animals. »A digital model of the entire patient is
still a dream for the future,« says Preusser. »However, we can
already model individual organs such as the liver, parts of the
heart, and some joints for planning operations.«

»With all these new tools it is important that it is not the
machine that makes the decision,« emphasizes Horst Hahn.
»Making a decision must always be reserved for medical pro-
fessionals and their patients.« The statements made by Al must,
therefore, always be as transparent and comprehensible as pos-
sible, and sources of error and uncertainties in the statements
must be clear. »One thing seems evident,« Hahn believes. »The
use of Al systems will change the structures of medicine.« The
various disciplines are likely to come closer together. To exploit
this new technology, some hospitals are already considering
establishing departments for the new discipline of artificial
intelligence.

Listen to the audio podcast




AN OUTLOOK INTO THE FUTURE

ON THE TRAIL OF IMPORTANT LIFE PROCESSES

Ultrasound and MRI are among the most important im-
aging procedures in medicine. The Fraunhofer Institute
for Digital Medicine is developing software solutions that
optimize image acquisition and simplify tracking physio-
logical functions.

An MRI scanner can create non-invasive 3D images from inside
the body. Generally, the device acquires still images. However,
this technology can do much more: it can make vital processes
visible, such as the flow of blood into the finest of brain vessels.
»Physiological imaging can sometimes help detect diseases
earlier than a conventional MRI scan,« says MEVIS researcher
Daniel Hoinkiss. »For example, a stroke initially manifests itself
as a disruption in the brain’s blood supply and only later as a
structural change in a conventional MRI image.«

Physiological imaging could also uncover both neurological
diseases such as Alzheimer’s and Parkinson’s as well as tumors
at an early stage. The earlier the diagnosis, the better the
likelihood that a treatment

succeeds. Physiological MR

»One problem in MR imaging is the lack of standardization. Until

An algorithm that compensates for movement

A combination of several innovative methods should facilitate
this. One method should solve the following problem: Image
acquisition inside the scanner can take up to several minutes.
Most patients inevitably move during this time, which unsurpris-
ingly interferes with image acquisition. »\We want to counteract
this with an adaptive technique that continuously compensates
for this movement, « explains Hoinkiss. »If the software recog-
nizes, for example, that the patient slipped one millimeter to
the side, it corrects the MRI scanner so that it acquires the same
part of the body as before.«

The experts pay particular attention to MRI blood flow mea-
surement, which does not rely on using a contrast agent. In this
method, blood in the neck is marked magnetically. After this
blood reaches the brain, an MRI scan is initiated. Comparing
this with a reference measurement allows visualization of blood
flow into the brain in the time period between marking and
recording. The timing of the
MR images plays a major role

imaging has, however, only
been employed in the clinical
routines of a few hospitals due
to the difficulty of operation
and the susceptibility to errors.
Physiological imaging is much
more complex than a con-

now, each manufacturer has employed its own control software for
its devices, making it cumbersome to transfer new measurement
technology from one manufacturer to another. We are working on a
platform called gammaSTAR, with which control software can be de-
veloped independently of manufacturers and transferred to different
systems. This should also ease conducting clinical studies at several
centers using different devices while still being able to make robust
comparisons between the results. Because the platform supports
dynamically adjusting the MRI hardware during measurement, it is
especially beneficial for pursuing our goals in physiological imaging

in this technique; it is important
to seize the exact moment
when the marked blood is
distributed in the brain. »This
happens differently for each
person,« explains Breutigam.
»This is why we are developing

ventional MRI scan. Prior to
each examination, specialized
personnel are required to set various parameters and adapt
them to each individual patient.

Fraunhofer MEVIS wants to overcome this hurdle. The goal
is to make physiological imaging as easy to acquire as standard
MR imaging to increase accessibility for routine diagnostics.
»The personnel only need to press a button, and the software
automatically adapts the MR sequence to the patient,« explains
Hoinkiss’ colleague Nora-Josefin Breutigam. Describing their
vision, she says, »Afterwards, all that remains is to wait until
the image is acquired.«

while facilitating use on different devices.«
Daniel Hoinkiss, Fraunhofer MEVIS

software that ensures that the
MRI scanner doesn't select the
wrong moment.«

The researchers are also developing an algorithm that auto-
matically suppresses irrelevant signals. Observing physiological
processes requires identifying extremely small changes in the
signal. Therefore, it is essential to suppress types of tissue that
aren’t involved. The new algorithm is designed to do exactly
this, thereby emphasizing the relevant signals even more clearly.

Fast ultrasound
Physiological imaging is also gaining increasingly significance






in another procedure: ultrasound. A physician performing an

ultrasound needs special training and a lot of experience to op-
erate the ultrasound equipment optimally. Fraunhofer MEVIS is
planning systems to ease operation of this technology, particu-
larly for young specialists. »Software will analyze the ultrasound
images in real time and determine, for example, whether the
image contains errors,« explains MEVIS physicist Sven RothlUb-
bers. »This should then be shown to the operator.«

The researchers at Fraunhofer are also refining ultrasound
technology itself. They are developing a method to measure the
temperature of tissue during image acquisition. This is valuable
for cancer treatments in which the tumor is destroyed by ap-
plying heat. A further field of research is 3D ultrasound image
acquisition. Vast amounts of data have to be handled here,
resulting in fairly lengthy recording times. »We are working
on self-learning procedures that generate high-quality images
based on only a few input data, « says Rothlibbers. »This could
significantly accelerate the image acquisition process.«

Algorithms like these could also be beneficial when using
ultrasound with contrast agents. During image acquisition, a
contrast agent is administered, which travels through blood
vessels and appears on the image with high contrast. »The
speed at which it becomes light and dark again says a lot about
what is happening,« explains Sven Rothlubbers. »This could,
for example, make tumors and cysts in organs such as the liver
or kidney more visible and distinguishable.«

Listen to the audio podcast

Fraunhofer MEVIS develops flexible solutions to generate
robust physiological imaging parameters that support clinical

diagnosis and decision making.
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IMPROVING INDICATORS FOR TUMOR DIAGNOSIS

Biomarkers are often indispensable for accurate diagno-
ses. The Fraunhofer Institute for Digital Medicine MEVIS
is working on adaptive algorithms that make the search
for new biomarkers much easier. This can provide physi-
cians with valuable support in choosing the best possible
therapy.

Biomarkers make up an important building block of diagnos-
tics. One common example is the cholesterol level in blood,
which can suggest an increased risk of cardiovascular disease.
Biomarkers also play a significant role in pathology, the mi-
croscopic examination for example of suspected tumor tissue
samples. If particular cell types with certain combinations of
properties are present, this can be considered a meaningful
indicator that ideally reveals which subtype of tumor is present.
This lets physicians select a target-
ed treatment that is effective for
each individual patient.

In clinical practice, however,
this accurate procedure does not
always work. A study from 2018,
for example, revealed that 44 percent of cancer patients in the
United States should be considered for immunotherapy, a spe-
cial type of tumor treatment. In reality, however, this treatment
was only effective in 12 percent of patients, meaning that many
were treated in vain. »To provide more targeted therapy in the
future, we need to be able to subdivide tumor types much more
precisely than at the present,« says MEVIS researcher Johannes
Lotz. »We need to discover the biomarkers that deliver this
differentiation.«

Detecting such biomarkers demands extensive clinical studies.
The adaptive Al systems of the future will assist in this search.
»The computer analyzes digitalized tissue sections and looks

Our vision is to develop data-driven methods to capture
the fundamental cellular features considered in modern
histomorphological diagnostics. In this way, we aim to
accelerate the development of better algorithms for clinical

and research purposes.

»Chemotherapy regularly has severe side effects. With
the new biomarkers discovered by Al, it could be possible
to predict how a tumor disease would progress without
additional chemotherapy. This could help assess whether
such a therapy s suitable for each individual case.«
Henning Hofener, Fraunhofer MEVIS

through them for patterns,« says Lotz's colleague Henning
Hofener when describing the strategy. »This enables it to find
new biomarkers.« The software must be trained with as many
sets of high-quality data as possible, otherwise the search for
patterns will be unsuccessful. This creates a problem: The more
precise the differentiation between different tumor subtypes,
the fewer patients exhibit a certain subtype and the fewer data
sets are available for training and analysis.

The best of two worlds

Another difficulty: »The appearance of digital tissue sections
can vary significantly from laboratory to laboratory,« explains
Lotz. »This makes it difficult for the computer to detect existing
patterns in the images reliably.« These problems can hardly be
overcome using previous Al methods,
in which the algorithms sift through
vast quantities of pixels. That's why
the MEVIS team is attempting a new
strategy and is taking a look at some
of the tried-and-true ways in which
humans work. »Experienced pathologists have seen thousands
and thousands of tissue images and derive the essential laws
from them, « explains Hofener. »Unlike Al, a handful of images
is typically sufficient for an accurate diagnosis. «

The MEVIS team wants to bring the best of both worlds to-
gether. Their plan is to train the artificial intelligence as if it were
a pathologist, using many tissue images unrelated to a specific
inquiry. Thanks to this »basic training,« the Al acquires knowl-
edge about general characteristics and relations, so-called tis-
sue descriptors. With their help, the machine can describe and
classify the images. »If the algorithm then encounters a specific
problem, it can use tissue descriptors to find correlations. Even
with relatively few data, this could predict, for example, the
success of a certain therapy, « says Hofener.

The project is still in its beginning phase, but Fraunhofer
MEVIS is well prepared to master it successfully. »We have a lot

13



of experience training adaptive algorithms and programming

computer-aided diagnostic tools,« emphasizes Henning Héfen-
er. »In cooperation with our clinical project partners, we can
select the data we need for initial algorithm training.«

Al accelerates automatic detection

These biomarker algorithms will benefit the research de-
partments of pharmaceutical companies, but also university
workgroups. The approach promises additional applications,
however. For example, tissue descriptors could be used for
segmentation, the automatic recognition and measurement of
an image’s tissue structures. »The descriptors also reduce the
amount of training data required in this case,« says Hofener.
»This could significantly accelerate adaptation of the segmen-
tation algorithm.«

Content-based image retrieval could also benefit from this
method. »Many are familiar with a similar feature on Google,
where an image can be uploaded and similar ones are dis-
played,« explains Johannes Lotz. »For medical images, how-
ever, this is not yet as reliable.« The MEVIS experts hope that
the descriptor concept could lead to substantial advancements.
They envision a system that allows physicians who encounter
unusual findings to search databases for similarimages to check
their diagnoses and discover which therapies have or have not
worked in the past.

Listen to the audio podcast
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GUIDEPOST FOR THE BEST CHOICE OF TREATMENT

A diagnosis has been made. Now it is up to clinicians,
together with their patients, to find a suitable treatment.
However, as more and more treatment choices are be-
coming available, the most suitable one isn't always the
most obvious choice. The Fraunhofer Institute for Digital
Medicine MEVIS is developing Al-based support systems
to facilitate decision-making and pave the path towards
finding the optimal treatment.

Operate or wait? Chemotherapy or not? Stay on the current
medication or change to another? These decisions constitute
the everyday routine in clinics and medical practices. These
decisions are, however, not always easy to make: »A treatment
decision usually depends on a variety of factors,« says Fraun-
hofer MEVIS researcher Andrea Schenk. »What image data
is available? Does the patient have a pre-existing condition?
What are our treatment options? What do the corresponding
guidelines recommend?« Making

»CDS systems could also be employed to gain new medi-
cal insight from data that is already collected during the
clinical routine. This would supplement common clinical
studlies and ultimately help improve treatment guidelines.«
Andrea Schenk, Fraunhofer MEVIS

these decisions is challenging be-
cause medical progress is constantly
increasing both the amount of data
available and the number of treat-
ment choices.

This is where CDS (clinical decision support) systems can help.
Ideally, these decision support systems characterize the patient
as an individual digital model incorporating all available data
and current guidelines. The software can simulate and compare
various treatment approaches. This gives physicians important
clues as to which treatment is most effective or gentle for the
patient. »Until now, only basic CDS systems have been available
that are limited to specific subdomains,« explains Schenk’s
colleague Markus Wenzel. »Now, we are working on a broader
solution that will incorporate and unify data from an wide
range of sources.«

Filling gaps in the guidelines

The core notion is that novel systems should act individually for
each patient instead of according to a relatively rigid scheme. A

guideline might, for instance, recommend that a patient with
breast cancer undergo a mastectomy. In contrast, a CDS system
fed with extensive image and laboratory data of the patient
and the results of recent clinical studies might reach a different
conclusion and recommend breast-preserving radiotherapy for
better results.

»Guidelines can never cover all cases and, thus, inevitably
have gaps,« explains Wenzel. »We aim to fill these gaps with
the help of intelligent modeling.« An important element of this
is segmentation, for which software can, for example, automat-
ically detect the size and location of a tumor on an MR image.
Segmentation forms the foundation for creating an individual
patient model.

»We can simulate the success or failure of a planned liver in-
tervention or tumor sclerotherapy based on using this model as
a basis, « explains Andrea Schenk. »\We have already achieved a
lot of groundwork in these areas, which we can integrate into
future systems.« After all, Fraun-
hofer MEVIS is not in the position
to build a complete CDS system
alone. Instead, the institute will
deliver core components and work
alongside a tight network of research partners, companies, and
professional associations.

Transparent algorithms

Future CDS systems will include additional elements, such
as adaptive algorithms, to detect cases in medical databases
that progressed similarly. This comparison could provide the
attending physician important information: Which treatment
was successful in this specific case? Which were less effective?
It is also important to involve patients in this process. »The rec-
ommendations of a CDS system should not only be intelligible
for doctors. They should also be communicated to the patient, «
says Andrea Schenk.

This applies in particular to the use of Al algorithms, where
it is essential that conclusions don’t appear to come out of a
black box. They should be transparent and comprehensible for
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the user. »The human being must remain at the console, so
to speak, « stresses Markus Wenzel. »We view CDS systems as
tools for managing ever-increasing complexity to even be able
to support all involved parties during multidimensional decision
making. Using such systems gives us hope that physicians will
have more time for their patients in the future.

Listen to the audio podcast

Fraunhofer MEVIS develops Al-based support systems to
facilitate integrative decision-making and pave the path

towards finding the optimal treatment.

17



i
‘_\4' AAAAANASANAIAASASARAAAATSAANARANS

\
]




MONITORING TUMOR THERAPY MORE PRECISELY

Cancer patients generally need to attend regular check-
ups, which help determine how the patient responds to
a new treatment. The Fraunhofer Institute for Digital
Medicine MEVIS is working on a method supported by
Al to carry out follow-up checkups more quickly and
accurately.

A patient has been receiving chemotherapy for some time. Now
his doctor wants to know how well the drug has performed.
Did the tumor shrink as hoped? Would it be better to switch
to another medication? To determine this, a CT scan is typically
made after three months and compared with the image from
the onset of treatment. Until now, this has been performed
with the naked eye supplemented

comparison. The computer can superimpose identical image
sections in two different images for direct comparison: Clicking
on a certain point in the new image automatically marks the
corresponding position in the old image.

This lets personnel more easily detect whether metastases
have vanished, or new ones have formed. The system will au-
tomatically visualize differences in the images, for example, by
marking or highlighting them. »Fraunhofer MEVIS is in a great
position when it comes to registration,« says Moltz. »Radiolo-
gists are often amazed at how well it works.«

The second step, measuring tumor volume precisely and
automatically, is more demanding. For this, accurate segmen-
tation is required. The computer should be able to recognize

what is and isn't a tumor in the CT

»Because our system measures tumors more prec/se/y,

by fairly rudimentary electronic
aids that measure tumor diameter.
Fraunhofer MEVIS is developing an
automated procedure to achieve

before-and-after comparisons, thus

scheduled follow-up examination dates could possibly be
performed earlier. It might be possible to perform them as
early as one month after the beginning of therapy instead
of three months, which is now the case. The advantage is,
if a medication does not respond as anticipated, it would
be possible to change to a more promising drug at an

image. Such methods have been
available for some time, but until
now have usually required human
intervention, limiting their practical
application in hospitals and doctor’s

earlier stage than currently possible.«

saving time and producing more
accurate findings.

Today, comparing old and new pictures is rather complex. To
avoid missing any newly formed metastases, specialists have
to sift through three-dimensional CT data sets slice by slice - a
time-consuming process. Another shortcoming, according to
MEVIS researcher Jan Hendrik Moltz, is that »it is relatively im-
precise to determine only the diameter of a tumor. Tumors and
metastases are three-dimensional objects. A change in diameter
does not necessarily reflect the relevant change in size: how the
volume of the tumor has transformed as result of the therapy.«

A better way to compare pictures
The team is working on an automated solution to evaluate the

therapeutic response with more speed and accuracy. Research-
ers want to use a method called registration to facilitate image

Artificial intelligence helps monitor changes during the

course of a tumor therapy.

Jan Hendrik Moltz, Fraunhofer MEVIS

practices. »Deep learning technolo-
gies should bring critical progress in
this area, « says Moltz. »We hope to prepare the system for the
clinical routine.«

An Al that recognizes tumors

To do so, the experts train a segmentation algorithm using
extensive CT data sets. This contains detailed information about
the appearance of tumors and metastases on the image and
how they vary from surrounding tissue. Moltz and his colleagues
also hope to integrate knowledge gained from previous work.
»We are very experienced in segmentation, « says the computer
scientist. »This sets us apart from groups that are only now
beginning and employ purely data-based approaches.«
Initially, the Fraunhofer team wants to concentrate on the
lung and liver, two organs that are especially relevant in on-
cology. Over the long term, however, the algorithm should be
able to identify metastases throughout the body reliably and
measure them precisely. The research group will also try to dis-
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cover parameters from the segmentation in addition to tumor
volume. These could include, for example, clues about tumor
tissue composition and help describe changes in the tumor,
thus providing supplementary information about the therapy
response.

An initial prototype to demonstrate the registration is likely to
be completed in a year. In five years, the software is expected
to provide automatic tumor segmentation for organs such as
the liver and lungs.

Listen to the audio podcast
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TARGETED NAVIGATION AND PRECISE MOTION CONTROL

Minimally invasive interventions play a central role in
medicine, seen in applications including radiotherapy,
heart catheters, and keyhole surgery. The Fraunhofer In-
stitute for Digital Medicine MEVIS is researching methods
to improve minimally invasive treatments significantly.

Surgery isn't always about scalpels and open wounds. Some-
times it is possible or even necessary to employ minimally
invasive methods, of which there are many varieties. During
keyhole intervention, the surgical wound is made as small as
possible, after which endoscopes help look inside the body and
perform the operation. Some tumors can be destroyed with thin
electrical needles inserted from the outside. In cardiovascular
diseases, physicians navigate catheters through blood vessels,
for example, to widen constricted coronary arteries. In addition,
methods such as radiotherapy or focused ultrasound do not
involve surgical incisions at all. For
these methods, radiation or sound
waves enter the body from outside
and focus on a tumor to destroy
it as fully as possible. Ideally, the
surrounding healthy tissue remains
intact.

»Minimally invasive methods take an approach of doing
as little damage as possible while accomplishing the therapy
goal,« says Jan Strehlow, computer scientist at Fraunhofer
MEVIS. However, these gentler methods pose a challenge:
During the procedure, physicians have no direct view of what is
occurring in the patient. They depend on images from imaging
techniques, such as X-rays or ultrasound, for both executing
the procedure and monitoring the results.

Fiber optics help navigate

An example: a doctor performing a catheter intervention in the
coronary vessels must X-ray their patient almost continuously.
Only by using this »X-ray video,« combined with the adminis-
tration of a contrast medium, can the doctor be sure that the
tip of the catheter is guided correctly towards the target. This is

»QOur long-term goal is to combine our new procedures
into one software system. This would relieve doctors
by supporting them before, during, and after surgery.
Ultimately, this would increase precision and safety for
minimally invasive methods.«

Jan Strehlow, Fraunhofer MEVIS

no simple task, however, because the current three-dimensional
catheter position is only shown in 2D on the X-ray image. More-
over, the method is accompanied by a considerable dose of
radiation resulting from the large number of X-rays. These pose
a burden not only for the patients, but also for the personnel
exposed to this radiation daily.

Fraunhofer MEVIS is working on methods to reduce radiation
and simplify navigation. In one of these methods, the catheter
is combined with a special glass fiber. When laser light is guided
into these fibers, the fiber reflects different colors of the light
depending on how the fiber is bent. The spectrum of the re-
flected light can thus be used to calculate the curvatures along
the fiber.

The vision: During the procedure, curvature sensor values
are compared with a digital model of the patient’s vascular
system obtained beforehand using MRI. »We can determine
the position in the vascular system
that best explains the measured
catheter curvatures,« says Stre-
hlow. This allows the physician to
see the catheter moving through
the vascular labyrinth on a moni-
tor — in real time and in 3D. »We have successfully evaluated
our method in a silicone model of part of a patient,« reports
Strehlow. »Now we want to test it on animal models and
continue development.« One conceivable application is more
precise and gentler navigation in neurology, for example, to
treat aneurysms.

Algorithm compensates for breathing

A further challenge is minimally invasive treatment of organs
that move with the heartbeat and respiration, such as liver
and lungs. »With focused ultrasound for liver cancer, you have
to compensate for the movements of the patient so that the
ultrasound waves always hit the tumor and not the surrounding
tissue,« explains Fraunhofer researcher Michael Schwenke. In
some cases, the patient lies during treatment in an MRI scanner
that takes several images each second. This makes it possible to
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track liver movement with each breath — but only partially and
with a delay.

To improve this procedure, Fraunhofer MEVIS is developing
an algorithm to predict the liver's position in upcoming mo-
ments based on MR or ultrasound images. »We are currently
transferring the technology that we successfully developed for
focused ultrasound to other applications such as radiotherapy
or needle-based intervention,« says Schwenke. »For example,
we have already created a kind of traffic light for liver biopsies
that shows personnel the patient’s current breathing state.«
Furthermore, the team is working on software to compensate
larger patient movement, such as body rotation.

Listen to the audio podcast

Our motion compensation as well as our catheter navigation
combine a patient model with real-time sensor data to assess

the therapy situation.
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PRECISE PLANNING FOR HEART SURGERY

Heart valve operations are often very complex and have
to be prepared with great precision. The Fraunhofer
Institute for Digital Medicine MEVIS, the German Heart
Center Berlin, and the Charité are developing an assis-
tance system that will ease planning interventions by
using virtual reality. In the future, patients are also likely
to benefit from this new technology.

Surgery is often necessary when a heart valve no longer closes
properly. In these operations, special rings or threads, for exam-
ple, are sewn into the inlet or outlet of the heart chamber that
the valve is supposed to close. They enable the valve leaflets
to connect again. Some operations are still performed on an
open heart, but patient-friendly minimally invasive procedures
are increasingly being used.

»Heart valve surgery can be very complex, often combining
several measures,« says MEVIS
researcher  Anja  Hennemuth,
a professor at the Institute for
Computer-Assisted Cardiovascu-
lar Medicine (ICM), a joint facility

of Charité and the German Heart /2t they mean.«

Anja Hennemuth, Fraunhofer MEVIS

Center Berlin. »Often, the team

has to make many quick, ad hoc decisions during surgery.«
Thorough planning of the procedure must take place to avoid
potential mistakes and minimize risk to patients.

This is where Fraunhofer MEVIS aims to support medical
professionals. The institute is developing an Al-supported
assistance system that adheres to guidelines to optimize the
planning and execution of heart valve surgery and thereby
improve operation quality. Specifically, the team will be able to
simulate the surgery realistically on the computer even during
preliminary discussions. To choose the best possible strategy,
the experts can test various alternatives. They can help discover,
for example, which type of ring should be used and at which
exact location it should be inserted.

With image-based anatomical models we can simulate and

compare different therapy strategies for the cardiac valves.

»Cardiac patients should also benefit from our concept
during discussions with the physician before an operation.
Heart valve operations are often complex, and it isn't
always easy to comprehend what is happening. We are
hopeful that our digital heart model will be able to clearly
explain what therapy options are available to patients and

An Al that analyzes heart valve movement

The new assistance system is based on moving images, for
example, from a CT or MRI scanner. These portray the heart
of a patient in action and can uncover, for example, when the
mitral valve, through which blood flows into the heart, no
longer closes correctly. »We can extract an anatomical model
of the patient from this image data using computer graphics
methods,« Hennemuth explains. »This digital model doesn’t
just display the heart; it also shows how the valves open and
close again, like in a 3D movie.« Artificial intelligence plays
a crucial role in creating this model. Learning algorithms can
recognize individual structures in the image data, analyze the
heart valve movement quickly, and transfer them to the digital
heart model.

The digital model can then be observed using AR/VR glasses:
the beating heart floats in 3D directly
in front of the user and can be seen
from different angles. It can also be
displayed on a conventional screen
and manipulated using a mouse. This
is practical, for example, for experts
joining the meeting using telecon-
ferencing. The team can use this model during a preliminary
meeting to simulate the intervention in advance. Specialists
can, for example, insert virtual sutures at different locations or
attach rings of different sizes. They can determine which of the
actions would have the most beneficial effect on heart valve
movement.

Support in the operating room

The new MEVIS concept, however, goes even further —right into
the operating room, where images of the virtual and real heart
can be displayed side by side or even superimposed during the
procedure. This lets the team see the planned operation literally
before their very eyes.

MEVIS scientists have already developed and tested build-
ing blocks for this innovative concept alongside their project
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partners. They generated a database of currently available
valve rings and compared their model with results from real
interventions. A follow-up project called MINIMAKI began in
March 2021. »Here, we aim to merge the individual elements, «
explains Anja Hennemuth. »We're also working on streamlining
3D interactions so that medical professionals can use the new
assistance system as intuitively as possible.«

One of the challenges: Some personnel and patients find
using AR/VR glasses to be annoying and disturbing. The glasses
can, for example, obscure the facial expressions of those in
front of them. Fraunhofer MEVIS is researching these aspects in
collaboration with medical ethicists as part of the new project.
»Fortunately, AR/VR glasses are becoming lighter and more
comfortable to wear,« Hennemuth emphasizes. »We're also
working on a version that can hand off a session to a tablet
or computer.« The first complete version of the new assistance
system should be ready in two to three years. Soon afterwards,
it could start being used in clinics and make it easier for both
doctors and patients to prepare for heart valve surger.

Listen to the audio podcast
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ONE PLATFORM, MANY TOOLS

Programming Al is a complicated process. Huge amounts
of data need to be collected, reviewed, and evaluated.
Our research group on »Collaborative Al in Healthcare«
is developing a platform that integrates all key steps
and eases collaboration between programmers and
clinicians.

Artificial intelligence (Al) is becoming increasingly important
in medicine. Adaptive algorithms can now recognize organs
in CT or MR image data with more and more accuracy and
determine whether tumors are benign or malignant. This
promises new possibilities for the clinical routine. For ex-
ample, diagnostic assistants can often streamline laborious,
routine tasks and simplify a hospital’s workflow. In addition,
treatment planning algorithms could generate clues about a
patient’s tolerance for a certain
drug.
However,  developing such
Al systems is challenging. The
software must be trained with
as much high-quality data as
possible. If a program must reliably recognize and accurately
measure a specific region of the liver on MR images, it needs
to be trained with a vast amount of image data annotated by
clinicians onto which the liver has already been outlined. Even
though several programming tools exist to accomplish the
involved tasks, they are often not well integrated. Fraunhofer
MEVIS is, thus, developing a collaborative Al platform that
unifies all essential tools and allows the main players - pro-
grammers and physicians - to work together. »Our platform
should integrate everything into one system,« explains MEVIS
computer scientist Hans Meine. »Everyone involved can log in
to the platform and complete all of their tasks.«

Integrated quality assurance
It all begins with data handling. Nowadays, exporting data

from one program and importing it into another is a tiresome,
manual task. The new platform is intended to automate and,

»Our collaborative platform should be as simple to use as
possible. Any action that affects data should always be
traceable: Who entered the data? Who verified it? Who
decided that some data should be excluded? This quality
assurance process is an important aspect of our platform.«
Hans Meine, Fraunhofer MEVIS

thus, simplify these processes. As with professional photo
management software, it will collect and catalog data sets and
present them clearly.

The data can be assessed (automatically when possible)
according to their quality, and images with poor quality can
be filtered out. Staff can add comments to each data set, such
as what is visible on a CT scan and how pathological changes
could become noticeable. Doing so incorporates important
medical knowledge, allowing the computer to iteratively refine
its learned skills.

»One example is segmentation, which is, for instance, when
an algorithm attempts to detect specific areas of the lung
automatically,« explains Bianca Lassen-Schmidt, one of Meine’s
colleagues. »If a clinician notices that the segmentation was not
sufficiently successful, he or she can improve it manually.« The
corrected image is then fed back into
the program to train and improve the
algorithm for more accurate results.
»Of course, we aim to ensure that the
software doesn't become worse,«
says Lassen-Schmidt. »This can be
avoided by verifying it regularly using a test data set.« Only after
the algorithm passes this test will it adopt the learned changes,
thereby fulfilling an important quality assurance requirement.

Training at multiple clinics

Another challenge: If an algorithm is trained with data from
only one specific clinic, it might only function there, because
different clinics use varying equipment and imaging protocols.
Even for an identical clinical impression, data sets can vary
subtly. This can be more confusing for Al than for humans. For
an algorithm to work at multiple clinics, it is desirable to train
it using data from as many hospitals as possible. This is com-
plicated, however, by data privacy requirements, which often
prohibit patient data from leaving the hospital.

»We are investigating how to train an algorithm using data
from multiple clinics without requiring that data ever leaves
the premises,« explains Bianca Lassen-Schmidt. The strategy
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involves training the algorithm in Clinic A and then continuing
in Clinic B. The algorithm then returns to Clinic A to refine the
process. Because the software only »carries« learned patterns
and not patient data out of each clinic, data privacy require-
ments are respected.

»We have already developed most of the individual com-
ponents of our Al platform in-house at Fraunhofer MEVIS,«
says Hans Meine. »We are now in the process of combining
them into a complete package to test with other partners,
for instance, to perform clinical studies.« In the long term,
the collaborative platform might even help different clinics
investigating similar topics to work more closely together. »For
medical research, « believes Bianca Lassen-Schmidt, »this could
make a great impact.«

Listen to the audio podcast

Fraunhofer MEVIS provides an integrated toolkit for

worldwide collaborative development of Al solutions.






DIGITAL SOVEREIGNTY AND SCIENTIFIC LITERACY FOR THE

BROADER PUBLIC

Interactive, aesthetic, and participatory public engagement
and science communication: towards an accessible and diverse
research and development landscape. The Institute’s scientists
are committed to raising awareness about how digital medicine
and related STEM sciences influence healthcare. They develop
experiential SciArt projects to stimulate critical dialog and
ownership of new technologies, reach new audiences and
foster a diverse future R&D landscape. The digital extension
of human decision-making processes is not perfect and has
its limits just as much as purely human interactions. It is a
matter of uniting the specific capabilities of both worlds and
adapting technological processes to human needs and abilities.
Human-centered digitalization can explain, visualize and help
manage complexities. Our concern
is to make these new procedures
understandable and accessible in
our science communication. We also
address topics artistically, utilizing or
uniting digital medical image data,
anatomical-medical illustration, and
volume renderings to develop visuals and illustrate the R&D
performed at the Institute. Our focus is on diverse, life-long
education, collaborative production, and scientifically inspired
art. Laypersons and experts are invited to get involved, learn,
and exchange ideas eye-to-eye with the scientists. Engagement
is a two-way process involving attention and interaction for
mutual understanding and benefit. The aims are:
e making the outcome and impact of R&D accessible and
stimulating critical dialog within society
e fostering diverse and equal ownership of future technol-
ogy
e bolstering digital sovereignty for cooperating partners,
universities, schools, employees, the media, and the
broader public
e creating meaningful interactions between diverse players

R&D Engagement and Science Communication: New ways to
learn more about digital medicine together with scientists

and software developers.

»The public engagement at the Institute is driven by the
question of how we can create contemporary formats
to engage people in digital medicine. The goals are to
build emotional, positive engagement and self-directed
learning with the required STEM sciences and promoti-
on of a diverse research and development landscape.«
Bianka Hofmann, Fraunhofer MEVIS

in society and STEM scientists in digital medicine

e shaping the future of digital medicine with the next
generation of scientists

e promoting »first-in-family« academics

e supporting evidence-based discussions by learning and
co-creation to build confidence in digital medicine and
related STEM sciences

Example: Artist residency STEAM Imaging lll - Into
the MRI tube for art’s sake

During her residency at Fraunhofer MEVIS, media artist Eli Jote-
va created a remarkable installation: To obtain the material for
her digital artwork, the Bulgarian lay
down in an MRI scanner for hours.
The result: a digital installation called
»IntraBeing.« It shows oversized
organs and highly complex webs of
nerves that move meditatively and
mysteriously right before the viewer’s
eyes.

The third artist residency, which Fraunhofer MEVIS is organiz-
ing together with Ars Electronica in Linz and the International
Fraunhofer Talent School Bremen, is once again being held in
cooperation with the Walle School Centre in Bremen. For the
first time, the UCLA ArtSci Center in Los Angeles is also involved.
The title of the program is »STEAM Imaging« — STEAM stands
for the linking of science, technology, and mathematics with
other disciplines, such as the world of art. The starting point
of the residency is to bring artists together with scientists and
school students to transcend disciplinary boundaries, develop
flexible forms of learning and collaboration, and teach skills to
use new technologies effectively and critically. The residency al-
lows artists to engage in intensive exchange with MEVIS experts
and to link their work with the latest scientific methods and
approaches. An integral part of this is the joint development
of the STEAM online course for young people. Based on the
unusual alliance of art and science, it breaks new ground in
approaching scientific and technical topics at school.
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Bulgarian media artist Eli Joteva lives in the United States
and has been tackling science-related themes for some time:
she incorporates influences from quantum mechanics and
neurophysics into her work and uses sophisticated imaging
techniques such as infrared cameras and laser scanners to cre-
ate her digital installations. »I'm very inspired by the mysteries
of the invisible, such as how forces and vibrations outside our
perception affect us,« she describes. »That's why | try to use
imaging techniques to look into spaces we can’t perceive with
our senses. «

At the STEAM imaging residency, she was fascinated by the
possibility of being able to take a deep, detailed look inside the
body and process it artistically. The basis for this were images
taken with an MRI scanner — an imaging technique that uses
strong magnetic fields to deliver extremely detailed and, at the
same time, body-friendly 3D images from inside a person. »l
have always been interested in the complex ecosystems inside
the human organism and have often used my own body in my
work, « Joteva says. »That's why | was excited to be able to take
MRI data of my body and work with it.«

An important element of the residency is a STEAM course
for students. Joteva designed it together with the developers
of the residency program, Bianka Hofmann and Sabrina Haase,
and their colleague Hanne Ballhausen. For the conception, the
Fraunhofer MEVIS team met in internal workshops to break
up the planned scientific and technical teaching content and
integrate it in a new way. The course is designed around ob-
jects that play a direct or indirect role in the otherwise digital
everyday work of the experts: a skeleton and a phantom, i.e., a
physical model for research purposes. Then the specific interests
and competencies of the artist were incorporated. The course
was held in English and online. On ten evenings, it dealt with
topics such as »Analog and Digital Simulations for the Body«
and »What Gets Lost in the Digital World?« The young people
had the opportunity to have their own hands-on experiences,
which were also carried over into the lessons at the Walle School
Center. »For example, | showed them how to scan objects from
their surroundings and create 3D models from them, which
they can then share with others via the internet in augmented
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reality,« Eli Joteva tells us. »The students really enjoyed it — the

feedback, anyway, was very positive! «

For her artwork development, Joteva was particularly taken
with an MRI method called DTI that can be used to map the
shape and also the behavior of nerve fibers. Normally, this
method is used for brain images. Joteva had the idea of using
it for other parts of the body, especially the chest, pelvis, and
feet. However, due to the pandemic, it was not possible for her
to travel to Bremen and acquire the images there. Instead, she
was able to use an MRI scanner from MEVIS research partners
at the University of California in Los Angeles LONI.

The scans proved to be an ordeal: for a total of eight hours,
spread over two days, Joteva had to lie down in the scanner’s
narrow tube, remain there, and keep holding her breath so as
not to move. »And this despite the fact that | suffer from claus-
trophobia, « the Bulgarian tells us. »There were many moments
when | wanted to press the button so they would get me out.
But in the end, | endured it for the sake of the art.«

Numerous online sessions with Fraunhofer MEVIS experts
followed. Eli Joteva learned how and with which software tools
the image data could be processed and interpreted. »Without
this incredible support, the project would not have been
possible,« she enthuses. »But | also noticed that the in-depth
engagement with an artist definitely fired up the people at
MEVIS to push the limits and possibilities of what they do. It
Was a very inspiring process. «

Based on the processed image data, Eli Joteva created a room-
sized installation using 3D graphics software. »IntraBeing,« as
the artwork is called, shows the alienated, oversized organs
from Joteva's body surrounded by highly complex meshes of
nerve fibers. The structure is in constant, meditative motion
—streams of hydrogen atoms and magnetic fields that are invis-
ibly connected to the organs. »The behavior of these hydrogen
atoms cannot be predicted because they are constantly docking
to and from other atoms,« the artist describes. »This scientific
uncertainty fascinates me — it shows that when we penetrate
the body, we always discover something we don’t understand.«



IMPACT STORIES

SOFTWARE IMPROVES RADIATION THERAPY

Until now, tumor treatment with X-rays has usually followed a
set schedule. Software from the Fraunhofer Institute for Digital
Medicine MEVIS can significantly accelerate treatment sessions.
It also helps adjust radiation planning more precisely to thera-
peutic progress. Since 2020, the program has been successfully
used as part of a product of the medical technology company
Varian.

Radiation therapy is one of the pillars of cancer treatment. It
involves bombarding the tumor with strong, focused radiation,
usually X-rays. It destroys the cancer cells and makes the tumor
shrink and, in ideal cases, disappear. However, one treatment
session is not enough; the radiation must be repeated during
daily sessions over several weeks.

»When possible, it is important to
hit only the tumor and to spare the
surrounding healthy tissue as much as
we can,« says MEVIS researcher Stefan
Heldmann. »That's why the tumor is hit
from several directions, not just one.«
Only when the beams arrive from differ-
ent directions and meet in the tumor does this method reach
its full effect. The healthy tissue along the path is only slightly
affected.

To make the therapy, which lasts several weeks, as effective
as possible, careful preparation is required. Based on a CT scan
of the patient, the physicians create a precise radiation plan
with the help of complex mathematical models and extensive
computations. However, the patient does not always lie in the
same position during the different sessions. In addition, a pa-
tient’s anatomy may change during therapy, for example due to
weight loss, or might depend on daily fluctuations, such as how
full the bladder is. In addition, organ motion during breathing
can also complicate treatment.

Precise registration
To ensure that the radiation reaches its target during each

session, the patient is scanned by a special X-ray scanner during
treatment. The medical staff can compare these control images

»Until now, radiation therapy lasting several
weeks mostly follows the original radiation plan.
Our image registration software creates the
prerequisite for adaptive treatment, adjusting it
to changing circumstances, such as when a pa-
tient loses weight during the course of therapy.«
Nils Papenberg, Fraunhofer MEVIS

with the plan to then correct the position on the scanner bed,
for example. If necessary, the original plan will be adjusted to
account for weight loss, which can change the location of the
tumor in the body.

To improve and accelerate comparison of planning and con-
trol images, Fraunhofer MEVIS has developed special software
that has been used in an industry partner’s product since 2020.
This software performs so-called image registration, which
automatically compares the planning and control image with
each other. One major challenge during registration is that the
control images have a significantly lower image quality than the
CT image taken for planning.

»Based on this automatic image matching, our software can
transfer the planning data to the con-
trol image, « explains MEVIS researcher
Nils Papenberg. »This makes it easier
to see, for example, how much a safe
distance to an adjacent organ is being
kept.« Until now, medical staff has
had to transfer the planning data to
the control images largely by hand during the session — often
a time-consuming task. The MEVIS software can now do this
automatically and with great accuracy.

The graphics card sets the pace

A major challenge during development has been speed. While
the image registration software is running, doctors and patients
must wait for the results before starting treatment. MEVIS'
industrial partner Varian had targeted a maximum computing
time of 90 seconds. Through clever programming, the MEVIS
experts initially managed to achieve it in 30 seconds. When
they then implemented their system on a fast graphics card
(GPU), they were able to reduce the computing time to just a
few seconds, which is advantageous for clinical practice.
During treatment, the physicians must only check the result
of the image registration and adjust it when necessary. As a
result, the duration of the radiation session is shortened for
all involved. »We started by developing the mathematical
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fundamentals,« Heldmann recalls. »From that mathematical

basis, we then shifted towards developing an algorithm that
eventually became quality-assured software for Varian.«

As a result, MEVIS software helps with adaptive radiother-
apy: radiation planning that optimally adjusts to changing
conditions over the course of several weeks of treatment. To
improve this capability, Fraunhofer MEVIS has been constantly
developing the software. »lt is designed to employ various
input parameters to determine and precisely compute the sum
of the radiation doses to which patients have been exposed
during the course of therapy,« explains Papenberg. Based on
such dose images, physicians can more accurately assess, for
example, whether the tumor received the intended dose of
radiation. As a research project, MEVIS experts have already
been able to run such algorithms. Now they are in the process
of transferring these programs into practice.
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NAVIGATOR FOR TUMOR THERAPY

During thermoablation, a needle is inserted into the body to
destroy a tumor with microwaves or laser light. The Fraunhofer
Institute for Digital Medicine MEVIS has developed pioneering
assistance software that automatically and accurately finds the
optimal puncture site.

Thermoablation is a minimally invasive procedure to treat
cancer. A needle is inserted into the body and placed in or near
the tumor. Energy flows through the needle in the form of
microwaves, laser light, or high-frequency alternating current.
This energy heats the cells of the tumor to such an extent
that they die and, if the therapy is
successful, the lesion disappears.
This fairly gentle treatment is now
employed for a wide variety of
types of cancer, including liver and
kidney tumors, as well as prostate, breast, and lung cancer.

The primary requirement for therapeutic success is that the
needle is positioned as precisely as possible. Only when it is
correctly inserted can enough tumor cells be killed, necessitat-
ing careful procedure planning. High-quality images, usually
generated by a CT or MRI scanner, are used for this purpose.
The physicians mark the exact point where the needle must be
placed. The procedure itself also takes place under imaging.
This is the only way to check whether the needle reaches the
desired target.

In practice, however, this poses a substantial challenge: im-
ages used for planning are not updated daily and in some cases
are several weeks old. In addition, patients might lie slightly
differently in the scanner during the procedure than during the
planning scan, as it is impossible to achieve the same position
twice.

As a result, »lt is very difficult to match the current image
with the planning images - the doctors see the planning image
on one monitor and the current image on another and have to
match both images mentally, « explains MEVIS researcher Chris-
tian Rieder. »This requires specially trained and experienced
professionals, and that's why such thermal ablation treatments
have so far been offered by fairly few centers.«

»Until now, we've been able to use our software to help plan
interventions and subsequently assess their success. With the
new system, we can now support the intervention itself«.
Torben Patz, Fraunhofer MEVIS

Automatic image matching

To support specialists during this challenging task, Fraunhofer
MEVIS has developed navigation software for a novel robotic
system to be offered by a medical device company in the future.
The software can compare the planning image with the current
image and calculate the exact insertion point for the needle.
The robot then positions a guide sleeve at this location, through
which the medical professionals can insert the needle and
perform the thermal ablation. »The goal of this robotic system
isnt to replace the physician and
place needles in humans fully
autonomously,« emphasizes Rie-
der’s colleague Torben Patz. »lt's
designed to transfer the doctor’s
plan to the current situation; the robot helps find the planned
puncture site reliably.«

The software is provided with the planning image, including
the planning data, as well as the images taken during the current
procedure. Based on this information, the program performs a
so-called image registration. Despite different image sections
and viewing angles, organs and tumors on the old and new
images are brought into congruence. The software can then
transfer the planning data, in this case the intended puncture
site, from the old to the new image and relocate the guide
sleeve to the right location. »One challenge was that merging
this information has to occur relatively quickly,« says Patz. »In
addition, our program must be able to match two-dimensional
X-ray images with three-dimensional images from a CT scan-
ner.«

Perceptible simplification

Currently, the robotic system is in the approval phase, whereas
the MEVIS software has already passed the quality assurance
process and is qualified as a medical device component. »We
began initial research work in 2015 and have now been able to
successfully transfer the results into clinical practice,« Torben
Patz is pleased to report. The system can noticeably simplify
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applying thermal ablation, so that in the future, more clinicians

may be able to master it and more centers offer it. »And pa-
tients could also benefit,« says Christian Rieder. »Until now, this
therapy hasn’t always generated the desired effect. Thanks to
our system, the needle can be placed more precisely, which
could increase treatment success. «

The new system is based on a technological core called SAFIR
(Software Assistance for Interventional Radiology), which also
offers other interesting features. For example, Fraunhofer
MEVIS is working on modifying the software for real-time
motion images, such as those generated by ultrasound devices.
This could target organs that move during breathing and for
which patients have had to hold their breath during treatment
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BETTER NETWORKING THANKS TO MEVIS SOFTWARE

The large-scale RACOON project focuses on digitally linking all
radiology departments at German university hospitals to ad-
vance COVID-19 research. The Fraunhofer Institute for Digital
Medicine MEVIS has developed a central software element for
this purpose, helping to facilitate and accelerate joint research
projects.

The first corona wave rolled through Germany in the spring
of 2020 and revealed many shortcom-
ings in the German healthcare system,
especially in terms of digitalization. For
example, the radiology departments
at the country’s university hospitals
were inadequately networked with
each other, which complicated, for
instance, the joint development of Al
algorithms for research. To improve the situation and conduct
joint research on COVID-19, the collaborative RACOON project
was launched in 2020, with Fraunhofer MEVIS as a project
partner alongside 36 university hospitals.

»In the past, there have been numerous technical and reg-
ulatory obstacles to collaboration between clinics,« explains
MEVIS researcher Bianca Lassen-Schmidt. »One problem is
that, due to privacy concerns, medical recordings are often not
permitted to leave the hospital.« This is just one obstacle to
the development of new Al algorithms. These algorithms can,
for instance, automatically identify tiny tumors in CT images.
They only function reliably, however, if they are trained using
as much image data as possible. The more hospitals that make
their image data available for software development, the better
the results.

To jump start the RACOON network, the Technical University
of Darmstadt, the German Cancer Research Center (DKFZ),
mint medical GmbH, and Fraunhofer MEVIS developed special
techniques. Lassen-Schmidt and her team at Fraunhofer MEVIS
have been developing the SATORI software platform for several
years. It is capable of ‘segmenting’: automatically recognizing
different parts of the lung in the images. After the researchers
presented their Al software to the project management, it
quickly became clear that it was an ideal fit for RACOON.

»RACOON may also improve future research into rare
diseases in which a single clinic might record only a
few cases annually. Usually, no solid research can
be conducted with very low case numbers. But with
RACOON and our SATORI software, image data from
all German university hospitals is available for research.
This will greatly benefit patients in the future.«

Bianca Lassen-Schmidt, Fraunhofer MEVIS

Optimized training for Al algorithms

With RACOON, the goal is to teach MEVIS' segmentation
software to detect the disease features typical of COVID-19.
»This can then be used to automatically identify the size
and distribution of the affected areas in the lungs,« explains
Lassen-Schmidt. »This is important information to better under-
stand the disease.« The team set an
ambitious goal for training the Al
To train the software with as much
image data as possible, CT images
from all German university hospitals
were to be used. To accomplish this,
it was vital for the experts at each
hospital to use SATORI to examine
the images and mark the disease features present in each case
- the prerequisite for successfully training the Al.

However, the challenges proved to be great: for example,
clinics operate varying CT scanners. Some produce images with
relatively coarse resolution, others at a much finer resolution.
»It wasn’t as standardized as you might imagine,« says Las-
sen-Schmidt. »In some cases, comparing images was like com-
paring apples and oranges.« To solve the problem, the working
group had to adapt the algorithms and make them compatible.

Data protection concerns brought additional difficulties. Ger-
man federal states and even individual hospitals interpret the
regulations differently. »The hospitals had to coordinate with
each other and agree on a common data protection policy, «
says Bianca Lassen-Schmidt. »That was an additional challenge,
but it worked out very well.« In the end, the situation was
resolved in such a way that, as a rule, the actual data remains
at the hospitals and all that leaves are the algorithms trained
there.

Better patient care through research results with in-
creased validation

A RACOON server with the SATORI software is now installed at
each of the participating university hospitals. Around 2800 lung
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CT scans have been completely segmented and marked with the

necessary disease characteristics. This provides Germany with a
comprehensive dataset that can be used to train Al algorithms
to assist in COVID-19 research. »Now research can take place
at a much higher level,« Lassen-Schmidt emphasizes. »Clinical
hypotheses can now be tested on larger patient populations,
providing more valid results and ultimately better patient care.«

This new infrastructure will also facilitate other scientific
projects that are significant for COVID-19 research. In the
future, experts might not only work with lung images, but
also with images of the heart and brain, for example. After
all, the coronavirus also attacks these organs. There are also
plans to analyze images of children with the disease. One of
the aims here is to investigate possible long-term consequences
of COVID.
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FRAUNHOFER MEVIS AT A GLANCE

BRIEF PROFILE

Fraunhofer MEVIS is dedicated to the development of software
and IT solutions to overcome the rapidly growing complexity in
healthcare in order to achieve improved patient outcomes with
higher efficiency and fewer risks and side effects. The work is
focused on the mission areas Precision Diagnostics, Precision
Interventions and Collaborative Health Data Research. The
commitment to responsible research and innovation as well
as transdisciplinary lifelong learning runs through all scientific
fields of activity.

Clinical commitment

Research and development at Fraunhofer MEVIS is guided by
a clinical direction instead of being technologically or method-
ologically driven. Our work focuses on developing innovative
solutions for computer-assisted medical processes and their
industrial implementation for clinical use. Identifying and ana-
lyzing clinical issues demands a deep understanding of medical
research and calls for close cooperation with our partners.
Fraunhofer MEVIS maintains an international network of over
100 clinical partners. This clinical network is an essential source
to understand user needs and to evaluate the potential clinical
value and feasibility of developed solutions.

Strategic considerations

The roots of Fraunhofer MEVIS lie in the creation, quantitati-
ve analysis, and interactive exploration of medical image data
in their specific clinical context. We believe that medical ima-
ging shall no longer be regarded as a field on its own. Instead,
image features must be quantitatively correlated to available cli-
nical information in order to discover new relevant knowledge.
Fraunhofer MEVIS is uniquely positioned by combining a deep
understanding of clinical procedures and problems with a mas-
tering of the technological value chain — from imaging physics
and data generation to algorithm and platform development
to validation, product certification, and clinical implementation.

We have built substantial expertise and a good reputation
in the deep learning and artificial intelligence (Al) arena. This

enables us to successfully cope whith the rapidly growing com-
plexity in all diagnostic and therapeutic domains. While many
groups worldwide are active in the field of medical Al, Fraun-
hofer MEVIS is one in a few that covers the complete process
of knowledge generation such that Al will eventually become
a powerful clinical tool in hospitals and medical practices. So-
lutions based on our collaborative and modular software plat-
forms are used likewise in multi-centric clinical trials and phar-
maceutical research. Below, we briefly describe the building
blocks needed to fulfill our mission.

Industrial collaboration

True innovation, the successful launch of solutions onto the
market with tangible impact, is only possible through close
collaboration with industrial partners with the necessary re-
sources and market know-how to fuel the development of new
technologies. Fraunhofer MEVIS functions as the link between
clinicians and industry, aiming at technological advancement
for clinical use. Transferring applied research to the industry is a
pillar of the institute and a basis for future research. Partners for
cooperation and clients for industrial research and development
include large firms and small- or medium-sized ventures in
medical technology, pharmaceutics, and related fields.

Certification

Successful introduction of innovative approaches onto the
market requires adherence to specific regulations, such as
the German Act on Medical Devices (MPG) or the approval
guidelines of the United States Food and Drug Administration
(FDA). Fraunhofer MEVIS is one of a small group of medtech
research facilities worldwide that, in Bremen since 2005 and in
LUbeck since 2012, has operated a quality management system
according to the EN ISO 13485 (Medical Devices) standard
with a special focus on implementing a software development
process in compliance with IEC 62304. The establishment of
these quality management systems with the scope on design,
development and production of software for medical products
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lays out well-defined steps for industrial cooperation and en-
ables Fraunhofer MEVIS to provide market-ready solutions for
commercial partners in the strongly regulated medical device
market. In addition, Fraunhofer MEVIS also has experience
with CE and FDA approval of software solutions for clinical
environments.

Software platform

Fraunhofer MEVIS has initiated and developed a family of
versatile, modular web-enabled software platforms that enable
our partners and ourselves to build new solutions faster and to
better adapt to new challenges. The »MeVisLab« development
platform by Fraunhofer MEVIS and MeVis Medical Solutions AG
is a tool for rapid prototyping, flexible development of clinical
software solutions as well as developing products and methods
for fields such as image analysis, visualization, and biophysical
modeling. The joint use of MeVisLab at Fraunhofer MEVIS and
partners in research, medicine, and industry promotes synergy
and accelerates development. This supports the tight techno-
logical integration of clinics, research, and industry. MeVisLab
provides a modular interface to 3D Slicer, a software platform
for the analysis and visualization of medical images and for
research in image-guided therapy. Slicer is a free, open source
software available on multiple operating systems and extensible
via plugins for adding algorithms and applications.

Additional platforms and frameworks target specific ap-
plication areas. Among those are »Histokat Web« serving at
multicentric research, development and validation of solutions
in the field of computational pathology, as well as our deform-
able image registration library »RegLib« used for multimodality,
intraoperative, and follow-up image matching and motion
correction. The modular software platform »QuantMed«
supports quantitative medicine to enable more reliable, accu-
rate, and efficient clinical decisions.QuantMed offers support
along the way: creating reference training data, training and
validating deep learning models, and deploying the results
into your quantitative diagnostic software. »SATORI« is a core
component of our Al collaboration toolkit and a web frontend
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for curating medical data. The platform for reader studies can

be highly customized through extensions that can be quickly
developed with MeVisLab. Moreover, Fraunhofer MEVIS has
developed the remote deep learning framework »Redleaf« as
an extension of MeVisLab, that allows for modular, distributed
and reproducible pattern recognition on large medical datasets.

Business areas

Our four business areas align with our strategic directions as
described above and focus on specific market segments and re-
lated industrial customers. A range of services and solutions can
therefore be tailored and developed for these customer groups.

The planning and support of surgical and minimally invasive
procedures, which has been a key focus of Fraunhofer MEVIS
since its founding, is developed in the business area »/m-
age-Guided Therapy«. A particular challenge here is to provide
the operating physician all relevant information at the time he/
she needs it. Customers are mainly hardware vendors that span
a wide range of products from implants like valves and stents
to catheters and needles, treatment devices like robots, focused
ultrasound systems or linear accelerators (linacs), as well as
navigation devices.

The business area »Diagnostic Software« is centered around
the clinical challenge to ensure optimal therapeutic decisions
and improved early detection, incorporating the constantly
growing amount of multidisciplinary data on the one hand and
the efficiency pressure for faster processing on the other. The
customers in this segment are imaging device vendors, clinical IT
companies, and specialized image analysis providers.

Within the area of diagnostic software, we have defined a
specific business area around »Computational Pathology« as a
field with special potential for growth, considerable technologi-
cal development, and not least for becoming a game-changer in
the field of precision medicine due to the enormous amount of
information encoded in the digitized tissue sections. Customers
are manufacturers and providers of digital pathology equip-
ment, biotech companies, laboratories, as well as healthcare IT
integrators. Our key focus is in modular pattern analysis and



virtual multi-staining based on highly accurate deformable im-

age registration, thereby building on existing digital pathology
platforms.

The business area »Clinical Trials and Pharma« emerged from
the field of analysis software for image-based studies, com-
bined with our web-based software platform developments,
and is being expanded to a comprehensive range of services
for the industry and for larger research consortia. Customers
are pharmaceutical companies, contract research organizations
(CROs), service and software providers for image analysis as
well as researchers in hospitals, laboratories, and industry.

Additional business activities open up the potential for
exploitation of the existing expertise in the field of imaging
physics. We aim at bundling the offers of other areas of com-
petence for the customer group of medical imaging device
manufacturers. In magnetic resonance imaging (MRI), we offer
our expertise to develop dedicated sequences for research,
clinical and commercial customers.

Technology and translation

The following scientific and supporting core competences form
the pillars of our work in research, technology, and translation.

The process of creating medical images is addressed by our
core competence »/maging Physics«. This spans from improving
image acquisition and creating new physiological information
to automated motion tracking and quality assessment. The
goal is to integrate image acquisition and post-processing to an
optimized image analysis pipeline. Since April 2011, Fraunhofer
MEVIS is operating an own 3 Tesla MRI scanner for research and
clinical studies.

The core competences »Cognitive Medical Computing« and
»Clinical Decision Support« revolve around the extraction of
information from medical images and other medical data. The
previous technological focus of image processing has been
extended to non-imaging data and, therefore, to the challenge
of incorporating a broad range of relevant clinical information.
The main goals are to maintain and expand our competence
in the automatic extraction of quantitative information in im-

aging and other big data scenarios and in efficient interactive
solutions for decision support systems as well as for planning
and support systems in image-guided therapy. In this context,
data-driven approaches such as machine learning, especially
deep learning, are becoming increasingly important. At Fraun-
hofer MEVIS, machine learning is successfully applied for image
segmentation as well as tissue and cell classification, among
other things.

With our core competence »image Registration« we aim at
harmonizing images from different modalities, capture times,
or patients, in order to evaluate the combined information.
Fraunhofer MEVIS provides applicable image registration with
a focus on robust, reasonable, accurate, and computationally
highly efficient solutions.

Our core competence »Modeling and Simulation« enables
us to incorporate knowledge of biophysical and biomedical
processes to enhance the information within medical images. In
addition to application driven developments, we perform basic
research to enhance the technological capabilities. A particular
focus for the next years will lie on validation of simulation
results, in order to gain acceptance by industrial partners and
physicians.

The capability of providing high quality, modular, reusable
software components, efficient and well-integrated software
applications and flexible deployment is developed and encap-
sulated in the core competence »Custom Software Solutions«.

The anchoring of Fraunhofer MEVIS in digital medical tech-
nology and the focus of its research activities towards clinical
benefits are strengthened through the core competence »Clini-
cal Expertise« and will be further developed as a long term USP.

A goal of our »Science Communication« is to create projects,
exhibits, movies and workshops in which scientists contextual-
ize their expertise and research in a broader sense and become
inspired to relate facts, empirical data, and science to human-
ities, social realities, and values.

Links to academic institutions

In addition to the network of clinical partners, Fraunhofer
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MEVIS maintains a strong network of technological and aca-

demic partners. In the reporting period, Fraunhofer MEVIS was
connected with eight universities in Germany, the Netherlands,
and the United States through twelve professorships:

e University of Bremen: Prof. Glnther, Prof. Kikinis

e Jacobs University Bremen: Prof. Hahn, Prof. PreuBer

e University of Applied Sciences Bremerhaven:

Prof. Rascher-Friesenhausen

e University of Libeck: Prof. Modersitzki

e Charité, TU Berlin: Prof. Hennemuth

e RWTH Aachen: Prof. KieBling, Prof. Merhof, Prof. Schulz

e Radboud University Nijmegen: Prof. van Ginneken

e Harvard Medical School, Brigham and Women'’s Hospital:

Prof. Kikinis

From its first days, Fraunhofer MEVIS maintains strong ties
to the universities in the State of Bremen. The directors of the
institute hold professorships at the University of Bremen and
the Jacobs University Bremen. Further close cooperation exists
through professorships in the fields Imaging Physics, Modeling
and Simulation, and Medical Technology. The University of
Bremen and Fraunhofer MEVIS intensified their partnership in
computer science education through a new study focus Medical
Computing.

With financial support of the State of Schleswig-Holstein and
the European Union, the Fraunhofer MEVIS Project Group for
Image Registration was established at the University of Libeck
in April 2010. The internationally renowned group addresses
the core competence of state-of-the-art medical image registra-
tion in close cooperation with the Institute of Mathematics and
Image Computing (MIC) at the University of Libeck. Since July
2015, the project group is part of the Fraunhofer MEVIS mother
institute in Bremen.

Since 2012, Fraunhofer MEVIS pursues a strategic partner-
ship with the Diagnostic Image Analysis Group (DIAG) at the
Radboud University Medical Center in Nijmegen, the Nether-
lands, an internationally renowned center of excellence for
Computer-Aided Diagnosis (CAD).

In April 2017, Fraunhofer MEVIS opened a new site in Berlin
with close links to the German Heart Center, the Charité — Uni-
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versitdtsmedizin, and the Technical University Berlin. Fraunhofer
MEVIS researcher Anja Hennemuth was appointed professor
for image-based therapy support at the Institute for Imaging
Science and Computational Modelling in Cardiovascular Med-
icine.

In 2018 Fraunhofer MEVIS established a strategic cooperation
with the Institute of Experimental Molecular Imaging (ExMI) at
the RWTH Aachen headed by Prof. Fabian KieBling. In close col-
laboration with the Comprehensive Diagnostic Center Aachen
(CDCA), particular attention is paid to projects in the field of
OMICS data. This includes the development of automated and
standardized workflows for the detection, segmentation, and
extraction of biomarkers in the fields of radiomics and quanti-
tative pathology.

In March 2020, Prof. Kikinis left Fraunhofer MEVIS to take up
the prestigious »B. Leonard Holman Endowed Professorship of
Radiology« at Harvard Medical School in Boston.

Our new name, the 25" anniversary, and the new
building in Bremen

Exactly ten years after joining the Fraunhofer-Gesellschaft,
on January 1, 2019, the former Fraunhofer Institute for
Medical Image Computing MEVIS changed its official name to
Fraunhofer Institute for Digital Medicine MEVIS (Fraunhofer-
Institut fUr Digitale Medizin MEVIS). The new name, in short still
Fraunhofer MEVIS, underscores the institute’s mission to drive
the transformation of tomorrow’s digital, integrated precision
medicine through systematic computer support.

August 2020 marked the 25" anniversary of the founding
of the MEVIS research center at the University of Bremen, the

Fraunhofer MEVIS’ new institute building, the »Workshop of
Digital Medicine,« accommodates up to 210 workplaces on
a usable floor space of 2600 m2. The building located on the
campus of the University of Bremen is funded in equal parts
by the Federal Republic of Germany, the Federal State of Bre-

men, and the European Commission (ERDF).






forerunner of today's Fraunhofer Institute for Digital Medicine

MEVIS. In a seven-part campaign between October 2020 and
May 2021, Fraunhofer MEVIS informed its cooperation partners
and the public about concrete application scenarios and key
work objectives of the institute with a focus on integrated
diagnostics and precision therapy.

In May 2021, Fraunhofer MEVIS' new institute building build-
ing on the campus of the University of Bremen was completed
and occupied after a construction period of 2.5 years. As a
»Workshop of Digital Medicine, « the building is to be perceived
as a driver of digital change in the healthcare sector. digital
transformation in the healthcare sector and create space for
encounters and discussions on the topic of digital medicine.

Brief history

The current Fraunhofer MEVIS institute was founded in August
1995 as MeVis — Center for Medical Diagnostic Systems and
Visualization, a non-profit limited liability company (gGmbH)
at the University of Bremen. The founder Prof. Dr. Heinz-Otto
Peitgen was appointed executive director, and an international
scientific advisory board oversaw research. To expand the in-
stitute scientifically and economically, MeVis received a fixed
basic funding from the State of Bremen. In 2006, the institute
was renamed MeVis Research GmbH, Center for Medical Image
Computing.

Since 1997, MeVis Research has produced several legally
and financially independent spin-offs that were consolidated
in 2007 into MeVis Medical Solutions AG, a publicly traded
company that employs about 150 people. Aside from a few
temporary declines in staff due to changes in personnel caused
by the founding of a new company, the number of employees
of MeVis Research increased steadily from 10 to 51 full-time
positions by the end of 2008.

On January 1, 2009, MeVis Research was incorporated into
the Fraunhofer-Gesellschaft and renamed Fraunhofer Institute
for Medical Image Computing MEVIS (Fraunhofer-Institut fir
BildgestUtzte Medizin MEVIS). Prof. Dr. Heinz-Otto Peitgen was
appointed Institute Director. The Advisory Board (Kuratorium) of
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Fraunhofer MEVIS convened on June 4, 2009, headed by Prof.
Dr.-Ing. Erich. R. Reinhardt, at that time CEO of the Healthcare
Sector of Siemens AG.

In April 2010, the Fraunhofer MEVIS Project Group for Image
Registration was established under the direction of mathema-
tician Prof. Dr. Bernd Fischer at the University of Libeck. In July
2013, Professor Fischer passed away following a short severe
illness. The director of the MIC, Prof. Dr. Jan Modersitzki, was
appointed new director of the Fraunhofer MEVIS Project Group
for Image Registration in October 2014.

In October 2012, MEVIS founder Prof. Peitgen retired after
heading the institute for 17 years and his former deputy Prof.
Dr.-Ing. Horst K. Hahn succeeded as Interim Institute Director.
From May 2014, the institute was jointly headed by Prof. Hahn
and Prof. Ron Kikinis, MD. After Prof. Kikinis moved to Harvard
Medical School in March 2020, Prof. Hahn is the sole director
of the institute. His deputies are Prof. Dr. Matthias Glnther and
Prof. Dr. Tobias PreuBer.

During the transition phase of five years, the parent institute
in Bremen (2009-2013) and the project group in Lubeck (2010-
2014) have received funding from the States of Bremen and
Schleswig-Holstein and have been co-financed by the European
Regional Development Fund (ERDF). The mother institute in Bre-
men and the project group in Lubeck were positively evaluated
by international review boards in May 2013 and 2014. They
are under regular basic funding of the Fraunhofer-Gesellschaft
since January 2014 and July 2015, respectively.

Since its integration into the Fraunhofer-Gesellschaft, Fraun-
hofer MEVIS has been a member of the Fraunhofer Group for
Information and Communication Technology (Fraunhofer-Ver-
bund [uK). In 2021, Fraunhofer MEVIS switched to guest status
and joined the newly established Fraunhofer Group for Health
Research (Fraunhofer-Verbund Gesundheit) as one of six found-
ing members.



OPERATING AND ORGANIZATIONAL STRUCTURES

Fraunhofer MEVIS" interdisciplinary orientation is reflected in
the institute’s operating principles and organizational structure.
Researchers are not bound to strict, hierarchically organized
working groups, but act in a flexible network.

Three categories of strategic topics shape this network, with
dedicated experts forming the nuclei of activities: organ- or dis-
ease-related clinical domains, technological core competences,
and customer-oriented business areas.

Project teams are put together with team members from
different technological and clinical credentials. This form of
dynamic collaboration promotes cooperation and fosters
cross-training, beneficial both to the individuals and to the
institute as a whole.

Internal communication is governed by transparency and
cooperation. Access to information is only restricted insofar
as required by confidentiality agreements with customers
or by legal constraints — otherwise sharing of information is
encouraged and expected at all levels and is actively aided
by exchange forums such as the social Wiki-based intranet
(Confluence), morning meetings for all staff members, and an
active information policy by the leadership. Initiative by all staff
members also beyond their current work assignment is highly
encouraged.

To improve management, organization, and staff develop-
ment, Fraunhofer MEVIS established a mentoring system. Man-
agement responsibility is extended to a group of experienced
staff members who act as mentors or co-mentors for mentees.
Responsibilities of the mentors include the professional devel-
opment of the mentee, the coordination between the goals of
the institute and the mentee, as well as the identification and
addressing of potential conflicts and problem:s.

Fraunhofer MEVIS introduced a structure of organizational
entities (OEs) each with a responsible OE manager (OEV). The
main objectives of the OE structure are:

e clear allocation of responsibilities,

e delegation of project budgets, and

e strengthening of strategic focus.

The OEVs are by default mentor for the respective OE mem-
bers. The mentees can freely choose their OE as well as the

co-mentor. OEVs as well as additional colleagues bear specific
strategic responsibility to the institute, especially for business
areas and core competences. Alloced budgets must be explic-
itly used for appropriate strategic objectives. Objectives and
budgets are coordinated by the OEVs in consultation with the
institute directors and the financial management.

Overall responsibility for the institute is organized in a central
leadership and administration structure. The heads of the
institute are:

e Prof. Dr.-Ing. Horst K. Hahn (Institute Director)

Prof. Dr. Matthias Glnther (Deputy)
Prof. Dr. Tobias PreuBer (Deputy)

Dipl.-Betrw. Thomas Forstmann (Head of Administration)

The heads are assisted in operational and strategic tasks by
the OEVs and six leadership committees for human resources
(LH), valorization (LV), research (LR), finance (LF), quality man-
agement (LQ), and IT security (LS).

The Advisory Board (Kuratorium, cf. next section) advises the
management of Fraunhofer MEVIS in issues of scientific focus,
strategic orientation, and clinical as well as industrial translation.

Three male and three female persons of trust are elected by
the staff to function as liaisons and mediators when needed. In
addition, two female equal opportunity officers are elected to
promote and ensure balanced participation and diversity.

The guiding principle of Fraunhofer MEVIS' diversity manage-
ment is to value the diversity of all employees. The aim is to
create a working environment in which all employees have fair
opportunities for participation and development — irrespective
of their ethnic origin, gender, religion and ideology, disability,
age or sexual identity.
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ADVISORY BOARD

Fraunhofer MEVIS is actively supported by its Advisory Board
(Kuratorium) which is composed of persons with backgrounds
in medicine, science, business, and research funding. It advises
the management of Fraunhofer MEVIS in issues of scientific
focus, strategic orientation, and clinical as well as industrial
translation.

Due to the corona pandemic, in 2020 and 2021 the annual
meeting of the Advisory Board could not take place in presence
but as an online event. Beyond their usual role as advisors, the
members of the Advisory Board have been actively involved in
the strategy process 2020/21 of Fraunhofer MEVIS in several
workshops and interviews.

Six members of the Advisory Board retired by rotation during
the reporting period: Prof. Dr. Craig Garner in 2020 — Walter
Marzendorfer, Astrid Lurati, Prof. Dr. Jirgen Hennig, Prof. Dr.
Gébor Székely, and Dr. Ursula Niebling at the end of 2021. The
president of the Fraunhofer-Gesellschaft and the directors of
Fraunhofer MEVIS thanked them for their great effort and ded-
ication. In the reporting period, the Advisory Board consisted of
the following persons:

Chairs

Prof. Dr. Hans Maier (since 2009)

formerly Bayer Schering Pharma AG, Berlin

Walter Marzendorfer (2009-2021)

formerly Siemens Healthineers, Forchheim
Medicine

Prof. Dr. med. Ruth Knlichel-Clarke (since 2019)
Institute for Pathology, RWTH Aachen

Astrid Lurati (2018-2021)

Executive Board, Charité — Universitatsmedizin, Berlin

Prof. Dr. med. Mathias Prokop (since 2014)
Radboud University Medical Centre, Nijmegen, The Netherlands
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Science

Prof. Dr. Craig Garner (2017-2020)
German Center for Neurodegenerative Diseases (DZNE)

Charité — Universitatsmedizin, Berlin

Prof. Dr. Dr. h.c. Jirgen Hennig (2009-2021)
Medical Physics, University Medical Center, Freiburg

Prof. Dr. Gabor Székely (2009-2021)

Image Science Division, ETH Zurich

Business

Stefan Widensohler (since 2019)
Krauth Invest GmbH & Co. KG, Hamburg

Dr. Christoph Zindel (since 2019)

Siemens Healthcare GmbH, Forchheim

Universities

Prof. Dr. Jens Falta (since 2010)

Dean of Faculty Physics / Electrical Engineering, University of Bremen

Prof. Dr. Kerstin Schill (since 2014)

University of Bremen / Hanse-Wissenschaftskolleg, Delmenhorst

Dr. Alexander Ziegler-Jéns (since 2010)

Science & Technology Transfer, Jacobs University Bremen

Research funding

Dr. Ursula Niebling (2009-2021)

Bremen Senator of Science and Ports, Bremen

Dr. Bernd RoB3 (since 2019)

Ministry of Education, Science and Culture, Kiel



THE INSTITUTE IN FIGURES

Budget and earning trends

Despite the difficult conditions caused by the corona pandemic,
the earnings in 2020 and 2021 maintained at the level of 2019.
Due to an unexpected project, the completion of a technical
upgrade of our MRI scanner, the investment budget in 2021
increased significantly to 947 T€ compared to the previous fiscal
years (587 T€in 2019 and 122 T€ in 2020).

Industry revenues remained at a level above 37% of the
total budget (4308 T€ in 2020 and 4505 T€ in 2021). This is
mainly due to our strategic work base with Siemens and Varian.
Earnings from public and internal sources decreased by about
-10% compared to an exceptionally strong value in 2019 (5099
T€), but still represent about 40% of the total budget.

In the reporting period, our basic funding grew steadily by
about +10% p.a. compared to the respective previous fiscal
year. Thanks to the successful results in 2020 and 2021, the
institute’s reserve could be significantly increased.

Mio €
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external income
Public funding and

41%
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Earnings in million euros in the period from 2017 to 2021.

Operating Budget (OB),

Investment Budget (IB) and Total

Budget in T€:
2017 2018 2019 2020 2021
OB: 8567 9577 11126 11306 11448
IB: 500 251 587 122 947
Total: 9067 9828 11713 11428 12395
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Human ressources

The overall average number of persons employed by Fraunhofer
MEVIS rose continuously in 2020 and 2021. This is due to a
good project situation and a corresponding effort to acquire
new staff. The number of scientists and the overall number of
employees under contract increased by +4.3 full-time equiv-
alents (FTE) in 2020 and +2.6 FTE in 2021 compared to the
respective average of the previous fiscal year.

The high value at the end of 2021 (104.2 FTE or +8.8 FTE
compared to 2020) indicates a dynamic increase in staff, due
in part to the new institute building and the introduction of a
new ERP system. We expect further personnel growth in 2022.
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THE FRAUNHOFER-GESELLSCHAFT

The Fraunhofer-Gesellschaft based in Germany is the world’s
leading applied research organization. Prioritizing key future-rel-
evant technologies and commercializing its findings in business
and industry, it plays a major role in the innovation process.
It is a trailblazer and trendsetter in innovative developments
and research excellence. The Fraunhofer-Gesellschaft supports
research and industry with inspiring ideas and sustainable
scientific and technological solutions and is helping shape our
society and our future.

The Fraunhofer-Gesellschaft’s interdisciplinary research teams
turn original ideas into innovations together with contracting
industry and public sector partners, coordinate and complete
essential key research policy projects and strengthen the Ger-
man and European economy with ethical value creation. Inter-
national collaborative partnerships with outstanding research
partners and businesses all over the world provide for direct
dialogue with the most prominent scientific communities and
most dominant economic regions.

Founded in 1949, the Fraunhofer-Gesellschaft currently oper-
ates 76 institutes and research units throughout Germany. Over
30,000 employees, predominantly scientists and engineers,
work with an annual research budget of €2.9 billion. Fraunhofer
generates €2.5 billion of this from contract research. Industry
contracts and publicly funded research projects account for
around two thirds of that. The federal and state governments
contribute around another third as base funding, enabling in-
stitutes to develop solutions now to problems that will become
crucial to industry and society in the near future.

The impact of applied research goes far beyond its direct
benefits to clients: Fraunhofer institutes enhance businesses’
performance, improve social acceptance of advanced technolo-
gy and educate and train the urgently needed next generation
of research scientists and engineers.

Highly motivated employees up on cutting-edge research
constitute the most important success factor for us as a research
organization. Fraunhofer consequently provides opportunities
for independent, creative and goal-driven work and thus for
professional and personal development, qualifying individuals
for challenging positions at our institutes, at higher education

institutions, in industry and in society. Practical training and
early contacts with clients open outstanding opportunities for
students to find jobs and experience growth in business and
industry.

The prestigious nonprofit Fraunhofer-Gesellschaft’s namesake
is Munich scholar Joseph von Fraunhofer (1787-1826). He en-
joyed equal success as a researcher, inventor and entrepreneur.
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THE YEARS 2020/21

CHRONICLE

2020

January 13-14

Strategy workshop in Bremen with the chairmen of the Fraun-
hofer MEVIS Advisory Board Prof. Dr. Hans Maier and Walter
Marzendorfer.

February 15-20

Fraunhofer MEVIS attends the SPIE Medical Imaging Conference
in Houston, Texas with a conference chair, four oral presenta-
tions, two courses on Deep Learning, and a live demonstration.

February 28-29
Two-day institute retreat at the seminar hotel Kunze-Hof close
to the Jade Bay in Lower Saxony.

March 1

Prof. Dr. Ron Kikinis leaves Fraunhofer MEVIS after six years of
dual leadership. Since then, Prof. Dr.-Ing. Horst Hahn is the sole
director of the institute with the deputies Prof. Dr. Matthias
GUnther and Prof. Dr. Tobias Preufer.

March 9
The Senator for Science and Ports, Dr. Claudia Schilling, pays
her inaugural visit to Fraunhofer MEVIS.

March 12

A COVID-19 task force is established at Fraunhofer MEVIS. All
business trips are cancelled and employees are advised to work
mobile or in their home office.

March 26
Girls' Day activities offered by Fraunhofer MEVIS in Bremen and
LUbeck.

April 17

Kick-off for the strategy process 2020 with six successive ideati-
on workshops on breakthrough targets.
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May 25

Institute director Horst Hahn gives the opening lecture on »How
artificial intelligence is changing radiology« at the opening
event of the 101st German Radiology Congress.

June 24

For the ninth time, partners from science and industry discuss
hot topics in medical technology at the Libeck Summer Aca-
demy (LSA), co-organized by Fraunhofer MEVIS.

July 14

The mayor of Bremen, Dr. Andreas Bovenschulte, visits the
construction site of Fraunhofer MEVIS’ new institute building
on the campus of the University of Bremen.

August

25th anniversary of the founding of the research center MEVIS
at the University of Bremen, the forerunner of today’s Fraunho-
fer Institute for Digital Medicine MEVIS.

August 10

The artist in residence program »STEAM Imaging lll« begins
with Eli Joteva, a Bulgarian intermedia artist and researcher
based in Los Angeles, USA.

September 9-13

Fraunhofer MEVIS is part of the 415 Ars Electronica Festival
with a virtual guided tour and a panel at the Institute’s MRI Lab
alongside with Marshmallow Laser Feast (MLF).

October 6

Fraunhofer MEVIS starts an information campaign on the oc-
casion of its 25th anniversary. It presents the institute’s main
work objectives, which are intended to help shape the future
of digital medicine.

October 21
Marshmallow Laser Feast and Fraunhofer MEVIS as scientific
partner co-operate on the installation »The Tides Within Us,



the initial part of the Human Nature exhibit at York Mediale

2020, before launching in full at the Coventry City of Culture
with »Observations on Being« from June to August 2021.

November 9
Virtual strategy meeting with participation of the Fraunhofer
MEVIS Advisory Board (Kuratorium).

November 29 - December 5

Fraunhofer MEVIS presents itself with a virtual booth at the first
purely virtual Annual Meeting and Exhibition of the Radiological
Society of North America (RSNA).

2021

February 12
Fraunhofer MEVIS is among the winning teams of the call for
»ldeas & Innovation« of the InnoHealth USA 2021 campaign.

April 22
Girls’ Day activities offered by Fraunhofer MEVIS in Bremen and
Libeck.

May 4-5
Move into Fraunhofer MEVIS’ new institute building » Workshop
of Digital Medicine« in Bremen.

May 15-20

Fraunhofer MEVIS is well represented at the virtual Annual
Meeting & Exhibition of the International Society for Magnetic
Resonance in Medicine (ISMRM).

June 18
Virtual open house for the inauguration of the new institute
building of Fraunhofer MEVIS in Bremen.

June 16
For the tenth time, partners from science and industry discuss
hot topics in medical technology at the Libeck Summer Aca-

demy (LSA), co-organized by Fraunhofer MEVIS.

July 14
Jury meeting for the competition »Kunst am Bau« for the new
institute building in Bremen.

September 15
Virtual meeting of the Fraunhofer MEVIS Advisory Board (Ku-
ratorium).

September 27
Launch of the Al Center for Health Care in the U Bremen Rese-
arch Alliance.

November 9-10
Fraunhofer MEVIS Strategy Audit 2021 takes place as hybrid
meeting in Bremen.

November 15
Fraunhofer MEVIS welcomes LA-based Turkish media artist in
residence Zeynep Abes to »STEAM Imaging IV«.

December 1
Winter Workshop 2021 of the Medical Imaging with Deep Le-
arning (MIDL) Foundation, co-organized by Fraunhofer MEVIS.

December 8-10

Artist Daniele Dell’Eva installs the sculptures of his artworks
»Menschskulptur« and »Three Clouds« in front of and inside
the new institute building in Bremen as part of the »Kunst am
Bau« competition.

December 13

Fraunhofer MEVIS" 3T MRI scanner is updated from Siemens
MAGNETOM Skyra to Vida Fit.
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HIGHLIGHTS

Fraunhofer MEVIS at SPIE Medical Imaging 2020

Computer-aided diagnosis, artificial intelligence and navigation
of vascular catheters — these are the topics Fraunhofer MEVIS
presented at the »Medical Imaging« conference of the Interna-
tional Society for Optics and Photonics (SPIE), which took place
in Houston, Texas, from February 15 to 20. Institute director
Horst Hahn co-chaired the four-day conference »Computer-Ai-
ded Diagnosis«. MEVIS researchers Markus Wenzel and Florian
Weiler offered practical workshops for students, scientists, and
engineers on the topics »Introduction to Medical Image Ana-
lysis Using Convolutional Neural Networks« and »Adversarial
Networks: From Architecture to Practical Training«. Sonja Jackle
received a student paper award for her presentation

New leadership at Fraunhofer MEVIS

Prof. Ron Kikinis, former head of Fraunhofer MEVIS, has ac-
cepted a prestigious appointment at Harvard Medical School in
the USA. In March 2020, he assumed the »B. Leonard Holman
Endowed Professor of Radiology«. This endowed professorship
is one of the highest academic honors at the renowned medical
school and is only awarded to researchers who are world leaders
in their field. Since March 1, 2020, Prof. Dr.-Ing. Horst Hahn
has been the sole director of the institute, and his deputies are
Prof. Dr. Matthias Gunther and Prof. Dr. Tobias PreuBer. For the
past six years, Prof. Hahn and Prof. Kikinis had formed a dual
leadership.

Opening lecture at German Radiology Congress 2020

Institute director Prof. Horst Hahn gave the opening lecture
on »How artificial intelligence is changing radiology« at the
opening event of the 1015 German Radiology Congress, follo-
wed by a discussion round. Due to the dynamic development
of the COVID-19 pandemic, the 1015t German Radiology Con-
gress, originally planned to take place in Leipzig from May 20
to 23, was transformed into the digital training and information
program ROKO DIGITAL.
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25 anniversary of the Founding of Fraunhofer MEVIS

August 2020 marks the 25" anniversary of the founding of
the MEVIS research center at the University of Bremen. This
evolved into today’s Fraunhofer Institute for Digital Medicine
MEVIS with over 120 employees in Bremen, Libeck, Berlin, and
Aachen. This was a fitting reason to observe the future of the
possibilities of digital medicine and concrete application scena-
rios. The anniversary year was accompanied by articles, audio
podcasts, images, and moving images about key issues and
essential work targets with which Fraunhofer MEVIS wants to
help shape the future of digital medicine. The digital extension
of human decision-making processes is not perfect and has its
shortcomings just as much as purely human procedures. It is a
matter of uniting the specific capabilities of both worlds and
adapting technological processes to human needs and abilities.
Human-centered digitalization can visualize, explain, and help
manage this complexity. With this anniversary campaign, the
Institute’s R&D Engagement team addressed important work
topics artistically, bringing medical image data, anatomical-me-
dical illustration, and volume renderings together to illustrate
the Institute’s R&D to a broader public.

Artist in residency with Eli Joteva

The artist in residence program »STEAM Imaging, an interdis-
ciplinary exploration of digital medicine and the human body,
has been carried out for the third time. This time, jointly hosted
with Ars Electronica in Linz, Austria, in collaboration with the
International Fraunhofer Talent School Bremen, and the UCLA
ArtSci Center, Los Angeles, USA. The artist in residence was Eli
Joteva, a Bulgarian intermedia artist and researcher based in Los
Angeles, USA. The concept of her artwork entitled »IntraBeing«
was guided by the questions: What lies within the bounds of
being? How do our physical bodies and their virtual representa-
tions affect one another? The remote residency, and the course
following, included encounters during 2020 connecting the
artist, Fraunhofer MEVIS scientists, and school students from
Schulzentrum Walle in Bremen. The artist’s work was also fea-



tured at the Ars Electronica Festival in Linz in September 2021.

Moving into the »Workshop of Digital Medicine«

After more than six years of planning and construction, the new
building of Fraunhofer MEVIS on the campus of the University
of Bremen was completed in May 2021. The building with its
rounded geometry and curved white fagcade consists of three
interlocking structures whose basic shape is inspired by nerve
cells. With a usable floor space of approx. 2,600 m2, it accom-
modates up to 210 workplaces on four floors. The spatial con-
cept of office, seminar and meeting rooms, as well as technical
rooms and individual laboratory areas, offers both retreats for
concentrated work and open areas for communication and col-
laboration. As a »Workshop of Digital Medicine,« the building
is to be perceived as a driver of digital change in the healthcare
sector and create space for encounters and discussions on the
topic of digital medicine. To celebrate the inauguration, the in-
stitute openend its doors in an online event on Friday, June 18.

Launch of the »Al Center for Health Care«

A virtual »Al Center for Health Care« has been established in
the U Bremen Research Alliance (UBRA), a collaborative environ-
ment between the University of Bremen and twelve non-uni-
versity research institutes including Fraunhofer MEVIS. For this
purpose, the state of Bremen provides funds that are awarded
to forward-looking projects in the UBRA. Artificial Intelligence
(Al) is of critical relevance, especially with regard to health
care research. The goal of the U Bremen Research Alliance is
therefore to establish an » Al Center for Health Care« as a virtual
institute of cooperation across institution boundaries. Fraunho-
fer MEVIS director Prof. Dr.-Ing. Horst Hahn is spokesman of the
lead project »Artificial Intelligence« in the UBRA and one of the
initiators of the project.

MRI scans for early detection of Alzheimer’s disease

Reliable and feasible early detection of Alzheimer’s disease is

the goal of DEBBIE, an international joint project under the EU
Joint Programme — Neurodegenerative Disease Research (JPND).
It is coordinated by the Fraunhofer Institute for Digital Medicine
MEVIS in Bremen, which has received national funding from the
Federal Ministry of Education and Research (BMBF) for its work.
In this project, MRl images shall uncover the extent to which the
blood-brain barrier loses function before the first symptoms of
Alzheimer's disease appear. To speed up development, Fraun-
hofer MEVIS has enhanced their own 3T MRI scanner (from
Siemens MAGNETOM Skyra to Vida Fit) to allow much more
effective cooperation with clinical partners.

»The Tides Within Us« at SIGGRAPH Asia 2021

Fraunhofer MEVIS presented as a research partner, jointly with
Marshmallow Laser Feast (MLF), and York Mediale »The Tides
Within Us« at SIGGRAPH Asia 2021 Art Galleries. The artwork is
an ongoing exploration into the world beyond the limits of our
senses at the intersection of art, science, and technology; where
does the living body begin, and where does it end? By peering
under our skin we reveal the tidal rhythms of oxygen flowing
through the branching ecosystem of the human body. The
aim is to challenge notions of boundaries between us human
beings and our environment. Fraunhofer MEVIS teamed up with
MLF, one of the world’s leading immersive art collectives, and
presented the work last year in collaboration with York Mediale,
an international new media arts charity that celebrates York as
the UK’s first and only UNESCO Creative City of Media Arts the
cross-sectoral project.

The enhanced 3 Tesla research scanner for magnetic resonan-
ce imaging jointly used by University of Bremen and Fraun-

hofer MEVIS in Bremen.
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AWARDS

2020

2nd Place at SPIE Student Paper Award

Fraunhofer MEVIS scientist Sonja Jackle is awarded with the run-
ner-up of the Image-Guided Procedures, Robotic Interventions,
and Modeling Student Paper Award for her submission »3D
catheter guidance including shape sensing for endovascular
navigation« at SPIE Medical Imaging in Houston from February
15-20.

Magna Cum Laude Merit Award at ISMRM

The Fraunhofer MEVIS team around Daniel Hoinkiss receives
Magna Cum Laude Merit Award for the contribution »Event-Ba-
sed Traversing of Hierarchical Sequences Allows Real-Time
Execution and Arbitrary Looping in a Scanner-Independent MRI
Framework« at virtual ISMRM from August 8 to 14.

Winner of CUBDL Challenge at IUS

The Fraunhofer MEVIS team around Sven Rothlibbers wins
shared first place in the Challenge on Ultrasound Beamforming
with Deep Learning (CUBDL). The challenge was part of the
virtual IEEE International Ultrasonics Symposium (IUS) in Las
Vegas from September 7 to 11.

Certificate of Merit Award at ESMRMB

The Fraunhofer MEVIS team around Daniel Hoinkiss receives
Certificate of Merit Award for the contribution »Guidewire
Tracking Based on Passive MRI Markers for MR-Guided Endo-
vascular Interventions« at virtual ESMRMB from September 30
to October 2.

Cum Laude Award at ESMRMB

The Fraunhofer MEVIS team around Daniel Hoinkiss receives
Certificate of Merit Award for the contribution »Exchange
time as a proxy measure of blood brain barrier integrity — A
two-stage estimation« at virtual ESMRMB from September 30
to October 2.

Gorter Price

Mareike Buck wins third place of the Gorter Price for contribu-
tion »Modellierung des Strdmungsverhaltens von Blut mittels
Arterial Spin Labeling« at the annual meeting of the German
Chapter of the ISMRM.

Fraunhofer IUK ICT Dissertation Award

André Homeyer wins second place of the Fraunhofer IUK ICT
Dissertation Award for his submission »Automated analysis of
necrosis and steatosis in histological images — Practical solutions
for coping with heterogeneity and variability«.

Highly Cited Researcher

Professor Fabian KieB3ling is for the second time in a row in the
list of highly cited researchers in the »Cross-Cield« category for
interdisciplinary researchers who have significant influence on
several research fields and areas beyond their own field of work.

2021

Winner of InnoHealth

Fraunhofer MEVIS is among the winning teams of the call for
Ideas & Innovation of the InnoHealth USA 2021 campaign.
Nine Research-SME-Tandems and their innovative projects are
invited to join the Matchmaking Tour USA and the Idea2Project
Workshop.

Second place for Live Demo at SPIE

The Fraunhofer MEVIS team around Sven Kuckertz wins second
place for their computer-aided diagnosis live demonstration
»Fully automated monitoring of lesion evolution over time in
multiple sclerosis« at virtual SPIE Medical Imaging in San Diego
from February 15 to 19.

Best Poster Award at BVM

Student Carina Tschigor awarded with Best Poster Award for
her contribution »Deep Learning-Based Surface Reconstruction
from Binary Masks« at virtual BVM Workshop in Regensburg
from March 7 to 9.
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Magna Cum Laude Award at ISMRM
The Fraunhofer MEVIS team around Daniel Hoinkiss receives

Certificate of Merit Award for the contribution »Joint Estima-
tion and Correction of Motion and Geometric Distortion in
Segmented 3D Arterial Spin Labeling« at virtual ISMRM from
May 15 to 20.

Honorary Mention at STARTS Prize

The cross-sectoral project »The Tides Within Us« receives
Honorary Mention at the STARTS Prize 2021 which annually
recognizes groundbreaking projects at the interface of science,
technology and the arts that have the potential to contribute to
economic and social innovation.

Outstanding Reviewer Awards at MIDL
Fraunhofer researchers Alessa Hering and Hans Meine receive
Outstanding Reviewer Awards at Medical Imaging with Deep
Learning (MIDL) in Libeck from July 7 to 9.

2nd Place at MIDL Audience Award

Fraunhofer MEVIS researchers Alessa Hering and Jan Moltz win
second place at MIDL 2021 Audience Award for best long oral
presentation for their presentation »Whole-Body Soft-Tissue
Lesion Tracking and Segmentation in Longitudinal CT Imaging
Studies« at the MIDL in Libeck from July 7 to 9.

North German Future Prize for Artificial Intelligence
Andrea Schenk receives the »Norddeutscher Zukunftspreis fur
Kinstliche Intelligenz« during the Al Week in Libeck from No-
vember 15 to 19, 2021. The prize donated by the Junge GmbH
recognizes her work in Al-based liver surgery planning.

Highly Cited Researcher

Prof. Dr. med. Fabian Kiessling is recognized by Clarivate as a
Highly Cited Researcher 2021 in the Pharmacology and Toxico-
logy category. This is the third consecutive year he has been on
the Highly Cited Researcher list.

56



SCIENTIFIC PUBLICATIONS

Journal articles 2020

Bauknecht H-C, Klingebiel R, Hein P, Wolf C, Bornemann L, Siebert E,
Bohner G (2020) Effect of MRI-based semiautomatic size-assessment in
cerebral metastases on the RANO-BM classification. Clin Neuroradiol
30(2):263-270

Beyer T, Bidaut L, Dickson J, Kachelriess M, Kiessling F, Leitgeb R, Ma
J, Shiyam Sundar LK, Theek B, Mawlawi O (2020) What scans we
will read: imaging instrumentation trends in clinical oncology. Cancer
Imaging 20(1):38

Borovec J, Kybic J, Arganda-Carreras I, Sorokin DV, Bueno G, Khvostikov
AV, Bakas S, I-Chao Chang E, Heldmann S, Kartasalo K, Latonen L, Lotz
J, Noga M, Pati S, Punithakumar K, Ruusuvuori P, Skalski A, Tahmasebi
N, Valkonen M, Venet L, Wang Y, Weiss N, Wodzinski M, Xiang Y, Xu Y,
Yan Y, Yushkevic P, Zhao S, Munoz-Barrutia A (2020) ANHIR: Automatic
Non-rigid Histological Image Registration Challenge. IEEE Trans Med
Imaging 1-10

Bukowski M, Farkas R, Beyan O, Moll L, Hahn H, Kiessling F, Schmitz-
Rode T (2020) Implementation of eHealth and Al integrated diagnostics
with multidisciplinary digitized data: are we ready from an international
perspective? Eur Radiol 30:5510-5524

Canalini L, Klein J, Miller D, Kikinis R (2020) Enhanced registration of
ultrasound volumes by segmentation of resection cavity in neurosurgical
procedures. Int J CARS 15(12):1963-1974

Chen'Y, Shah NY, Goswami SS, Lange A, von Haxthausen F, Sieren MM,
Hagenah J, Ernst F, Garcia-Vazquez V (2020) Localization of endovas-
cular tools in X-ray images using a motorized C-arm: visualization on
HoloLens. Curr Dir Biomed Eng 6(1):20200029

Cordes C, Konstandin S, Porter D, Glnther M (2020) Portable and
platform@independent MR pulse sequence programs. Magn Reson Med
83(4):1277-1290

Darguzyte M, Drude N, Lammers T, Kiessling F (2020) Riboflavin-Target-
ed Drug Delivery. Cancers 12(2):295

Epprecht L, Qureshi A, Kozin ED, Vachicouras N, Huber AM, Kikinis R,
Makris N, Brown MC, Reinshagen KL, Lee DJ (2020) Human Cochlear
Nucleus on 7 Tesla Diffusion Tensor Imaging: Insights Into Micro-anato-
my and Function for Auditory Brainstem Implant Surgery. Otol Neurotol
41(4):e484-e493

Garcia-Vazquez V, Matysiak F, Jackle S, Eixmann T, Sieren MM, von
Haxthausen F, Ernst F (2020) Catheter pose-dependent virtual angios-
copy images for endovascular aortic repair: validation with a video
graphics array (VGA) camera. Curr Dir Biomed Eng 6(1):20200010

Goehler A, Harry Hsu T-M, Lacson R, Gujrathi I, Hashemi R, Chlebus G,
Szolovits P, Khorasani R (2020) Three-Dimensional Neural Network to
Automatically Assess Liver Tumor Burden Change on Consecutive Liver
MRIs. JACR 17(11):1475-1484

Haarburger C, Muller-Franzes G, Weninger L, Kuhl C, Truhn D, Merhof
D (2020) Radiomics feature reproducibility under inter-rater variability in
segmentations of CT images. Sci Rep 10:12688

Hallen P, Schug D, Schulz V (2020) Comments on the NEMA NU 4-2008
Standard on Performance Measurement of Small Animal Positron Emis-
sion Tomographs. EJNMMI Phys 7(1):1-20

Han T, Nebelung S, Haarburger C, Horst N, Reinartz S, Merhof D,
Kiessling F, Schulz V, Truhn D (2020) Breaking medical data sharing
boundaries by using synthesized radiographs. Sci Adv 6(49):eabb7973

Hansch A, Moltz JH, Geisler B, Engel C, Klein J, Genghi A, Schreier
J, Morgas T, Haas B (2020) Hippocampus segmentation in CT using
deep learning: impact of MR versus CT-based training contours. J Med
Imaging 7(6):064001

Hetzel R, Mueller F, Grahe J, Honné A, Schug D, Schulz VV (2020) Charac-
terization and Simulation of an Adaptable Fan Beam Collimator for Fast
Calibration of Radiation Detectors for PET. IEEE TRPMS 4(5):538-545

Huellebrand M, Messroghli D, Tautz L, Kuehne T, Hennemuth A (2020)
An Extensible Software Platform for Interdisciplinary Cardiovascular
Imaging Research. Comput Methods Programs Biomed 184:105277

Ivantsits M, Tautz L, Stindermann S, Wamala |, Kempfert J, Kuehne T,
Falk V, Hennemuth A (2020) DL-based segmentation of endoscopic
scenes for mitral valve repair. Curr Dir Biomed Eng 6(1):20200017

Izadpanah K, Meine H, Kubosch J, Lang G, Fuchs A, Maier D, Ogon P,
Stdkamp NP, Feucht MJ (2020) Fluoroscopic guided tunnel placement
during medial patellofemoral ligament reconstruction is not accurate
in patients with severe trochlear dysplasia. Knee Surg Sports Traumatol
Arthrosc 28(3):759-766

Jackle S, Garcia-Vazquez V, Eixmann T, Matysiak F, von Haxthausen
F, Sieren MM, Schulz-Hildebrandt H, Hittmann G, Ernst F, Kleemann
M, Patz T (2020) Three-dimensional guidance including shape sensing
of a stentgraft system for endovascular aneurysm repair. Int J CARS
15:1033-1042

Kdse G, Darguzyte M, Kiessling F (2020) Molecular Ultrasound Imaging.
Nanomaterials 10(10):1935

Kharabish A, Belker K, Martinoff S, Ewert P, Hennemuth A, Huellebrand
M, Stern H, Meierhofer C (2020) Intraindividual validation of 4D flow
measurement against 2D flow measurements in complex flow patterns
in routine clinical cardiovascular magnetic resonance of bicuspid aortic
valve. Egypt J Radiol Nucl Med 51:222

May J-N, Golombek SK, Baues M, Dasgupta A, Drude N, Rix A, Rommel
D, von Stillfried S, Appold L, Pola R, Pechar M, van Bloois L, Storm
G, Kuehne AJC, Gremse F, Theek B, Kiessling F, Lammers T (2020)
Multimodal and multiscale optical imaging of nanomedicine delivery
across the blood-brain barrier upon sonopermeation. Theranostics
10(4):1948-1959

Mihcin S, Gagliardo C, Toia P, Dennison A, Strehlow J, Melzer A (2020)
MR-guided focused ultrasound application for moving target tumor
ablation in abdominal area: coil selection. Acta Radiol online first

Mutsaerts HIMM, Petr J, Groot P, Vandemaele P, Ingala S, Robertson AD,
Véaclavu L, Groote |, Kuijf H, Zelaya F, O'Daly O, Hilal S, Wink AM, Kant |,
Caan MWA, Morgan C, de Bresser J, Lysvik E, Schrantee A, Bjarnebekk
A, Clement P, Shirzadi Z, Kuijer JPA, Wottschel V, Anazodo UC, Pajkrt D,

57



Richard E, Bokkers RPH, Reneman L, Masellis M, Giinther M, Macintosh
BJ, Achten E, Chappell MA, van Osch MJP, Golay X, Thomas DL, De Vita
E, Bjgrnerud A, Nederveen A, Hendrikse J, Asllani |, Barkhof F (2020) Ex-
ploreASL: An image processing pipeline for multi-center ASL perfusion
MRI studies. Neurolmage 219:117031

Oechtering TH, Sieren MM, Hunold P, Hennemuth A, Huellebrand M,
Scharfschwerdt M, Richardt D, Sievers H-H, Barkhausen J, Frydrycho-
wicz A (2020) Time-resolved 3-dimensional magnetic resonance phase
contrast imaging (4D Flow MRI) reveals altered blood flow patterns in
the ascending aorta of patients with valve-sparing aortic root replace-
ment. J Thorac Cardiovasc Surg 159(3):798-810

Riba A, Hassani K, Walker A, van Best N, von Zeschwitz D, Anslinger T,
Sillner N, Rosenhain S, Eibach D, Maiga-Ascofaré O, Rolle-Kampczyk U,
Basic M, Binz A, Mocek S, Sodeik B, Bauerfeind R, Mohs A, Trautwein C,
Kiessling F, May J, Klingenspor M, Gremse F, Schmitt-Kopplin P, Bleich A,
Torow N, von Bergen M, Hornef MW (2020) Disturbed gut microbiota
and bile homeostasis in Giardia-infected mice contributes to metabolic
dysregulation and growth impairment. Sci Transl Med 12(565):eaay7019

Rieder C, Schwenke M, Péatz T, Georgii J, Ballhausen H, Schwen LO,
Haase J, Preusser T (2020) Evaluation of a numerical simulation for
cryoablation — comparison with bench data, clinical kidney and lung
cases. Int J Hyperthermia 37(1):1268-1278

Rushmore RJ, Wilson-Braun P, Papadimitriou G, Ng I, Rathi Y, Zhang F,
O'Donnell LJ, Kubicki M, Bouix S, Yeterian E, Lemaire J-J, Calabrese E,
Johnson GA, Kikinis R, Makris N (2020) 3D Exploration of the Brainstem
in 50-Micron Resolution MRI. Front Neuroanat 14

Schipf S, Schéne G, Schmidt B, Gunther K, Stlibs G, Greiser KH,
Bamberg F, Meinke-Franze C, Becher H, Berger K, Brenner H, Castell
S, Damms-Machado A, Fischer B, Franzke C-W, Fricke J, Gastell S,
GUnther M, Hoffmann W, Holleczek B, Jaeschke L, Jagodzinski A, Jockel
K-H, Kaaks R, Kauczor H-U, Kemmling Y, Kluttig A, Krist L, Kurth B,
KuB O, Legath N, Leitzmann M, Lieb W, Linseisen J, Léffler M, Michels
KB, Mikolajczyk R, Pigeot I, Mueller U, Peters A, Rach S, Schikowski
T, Schulze MB, Stallmann C, Stang A, Swart E, Waniek S, Wirkner K,
Volzke H, Pischon T, Ahrens W (2020) The baseline assessment of the
German National Cohort (NAKO Gesundheitsstudie): participation in
the examination modules, quality assurance, and the use of secondary
data. Bundesgesundheitsbl 63(3):254-266

Schock J, Truhn D, Abrar DB, Merhof D, Conrad S, Post M, Mittelstrass
F, Kuhl C, Nebelung S (2020) Automated Analysis of Alignment in Long-
Leg Radiographs Using a Fully Automated Support System Based on
Artificial Intelligence. Radiology: Al 3(2)

Schreiber A, Hahn H, Wenzel M, Loch T (2020) Artificial intelligence:
Was mUssen Urolog*innen wissen? Urologe 59(9):1026-1034

Schuchardt FF, Kaller CP, Strecker C, Lambeck J, Wehrum T, Hennemuth
A, Anastasopoulos C, Mader |, Harloff A (2020) Hemodynamics of ce-
rebral veins analyzed by 2D and 4D flow MRI and ultrasound in healthy
volunteers and patients with multiple sclerosis. J Magn Reson Imaging
51(1):205-217

Schwen LO (2020) Ten simple rules for typographically appealing scien-
tific texts. PLOS Computational Biology 16(12):e1008458

58

Sieren MM, Schultz V, Fujita B, Wegner F, Huellebrand M, Scharfschwerdt
M, Sievers H-H, Barkhausen J, Frydrychowicz A, Oechtering TH (2020)
4D flow CMR analysis comparing patients with anatomically shaped
aortic sinus prostheses, tube prostheses and healthy subjects introduc-
ing the wall shear stress gradient: a case control study. J Cardiovasc
Magn Reson 22:59

Song L, Leppig JA, Hubner RH, Lassen-Schmidt BC, Neumann K,
Theilig DC, Feldhaus FW, Fahlenkamp UL, Hamm B, Song W, Jin Z,
Doellinger F (2020) Quantitative CT Analysis in Patients with Pulmonary
Emphysema: Do Calculated Differences Between Full Inspiration and
Expiration Correlate with Lung Function? Int J Chron Obstruct Pulmon
Dis 15:1877-1886

Strecker C, Krafft AJ, Kaufhold L, Hillebrandt M, Weber S, Ludwig U,
Wolkewitz M, Hennemuth A, Hennig J, Harloff A (2020) Carotid geom-
etry is an independent predictor of wall thickness — a 3D cardiovascular
magnetic resonance study in patients with high cardiovascular risk. J
Cardiovasc Magn Reson 22:67

Strohm H, Rothlibbers S, Eickel K, GlUnther M (2020) Deep learn-
ing-based reconstruction of ultrasound images from raw channel data.
Int J CARS 15:1487-1490

Sun Q, Bai X, Sofias AM, van der Meel R, Ruiz-Hernandez E, Storm
G, Hennink WE, De Geest B, Kiessling F, Yu H-jun, Lammers T, Shi Y
(2020) Cancer nanomedicine meets immunotherapy: opportunities and
challenges. Acta Pharmacol Sin 41(7):954-958

Talbot SR, Bruch S, KieBling F, Marschollek M, Jandric B, Tolba RH, Bleich
A (2020) Design of a joint research data platform: A use case for severity
assessment. Lab Anim 54(1):33-39

Tautz L, Walczak L, Georgii J, Jazaerli A, Vellguth K, Wamala I, Sun-
dermann S, Falk V, Hennemuth A (2020) Combining position-based
dynamics and gradient vector flow for 4D mitral valve segmentation in
TEE sequences. Int J CARS 15(1):119-128

Tautz L, Zhang H, Hullebrand M, Ivantsits M, Kelle S, Kuehne T, Falk V,
Hennemuth A (2020) Cardiac radiomics: an interactive approach for 4D
data exploration. Curr Dir Biomed Eng 6(1):20200008

Templin R, Tabriz N, Hoffmann M, Uslar VN, Liick T, Schenk A, Malaka
R, Zachmann G, Kluge A, Weyhe D (2020) Case Report: Virtual and
Interactive 3D Vascular Reconstruction Before Planned Pancreatic Head
Resection and Complex Vascular Anatomy: A Bench-To-Bedside Transfer
of New Visualization Techniques in Pancreatic Surgery. Front Surg 7

Theek B, Nolte T, Pantke D, Schrank F, Gremse F, Schulz V, Kiessling F
(2020) Emerging methods in radiology. Der Radiologe 60:41-53

Vo Chieu VD, Wacker F, Rieder C, Péhler GH, Schumann C, Ballhausen
H, Ringe Kl (2020) Ablation zone geometry after CT-guided hepatic
microwave ablation: evaluation of a semi-automatic software and com-
parison of two different ablation systems. Int J Hyperth 37(1):533-541

Walczak L, Goubergrits L, Hillebrand M, Georgii J, Falk V, Hennemuth A
(2020) Using position-based dynamics to simulate deformation in aortic
valve replacement procedure. Curr Dir Biomed Eng 6(1):20200042

Wei W, Hua C, Zhang T, Dirsch O, Gremse F, Homeyer A, Settmacher



U, Dahmen U (2020) Size of portally deprived liver lobe after portal
vein ligation and additional partial hepatectomy: Result of balancing
proliferation and apoptosis. Sci Rep 10:4893

Articles in conference proceedings 2020

Betancourt D, Stoja E, Wilke RN, Philipp D, Jenne J, Umathum R,
Konstandin S, Bertuch T, Guenther M (2020) A metamaterial-based
cable mantle for shield current suppression in MRI systems. IEEE MTT-S
International Microwave Biomedical Conference (IMBioC). pp 1-4

Breutigam NJ, Hoinkiss DC, Buck MA, Mahroo A, von Samson-Himmel-
stjerna F, Guenther M (2020) Optimal subject-specific pCASL settings by
automated inner-scan timing adaption. Proceedings of the 28th Annual
Meeting of the ISMRM. 3282

Buck MA, Guenther M (2020) Towards patient specific dispersion
correction for more accurate quantification in pCASL: modeling and
experimental findings. Proceedings of the 28th Annual Meeting of the
ISMRM. 0026

Hoinkiss DC, Cordes C, Konstandin S, Guenther M (2020) Event-Based
Traversing of Hierarchical Sequences Allows Real-Time Execution and
Arbitrary Looping in a Scanner-Independent MRI Framework. Proceed-
ings of the 28th Annual Meeting of the ISMRM. 1043

Hoinkiss DC, Nijsink H, Borm P, Hussain T, Greer J, Haase S, Futterer
J, Patz T (2020) Guidewire Tracking Based on Passive MRI Markers for
MR-Guided Endovascular Interventions. Proceedings of the 37th Annual
Scientific Meeting of the ESMRMB. L01.19

Hoinkiss DC, Struckmann S, Werner N, Schmidt CO, Gunther M, Hirsch
J (2020) Long-Time Stability of Image Quality in the German National
Cohort (NAKO) Imaging Study Based on Automatic Image Quality
Assessment. Proceedings of the 37th Annual Scientific Meeting of the
ESMRMB. L01.124

Huber J, Hoinkiss DC, Guenther M (2020) Subject-specific background
suppression in 3D pseudo-continuous arterial spin labeling perfusion
imaging. Proceedings of the 28th Annual Meeting of the ISMRM. 3283

Jackle S, Garcia-Vazquez V, von Haxthausen F, Eixmann T, Sieren MM,
Schulz-Hildebrandt H, Hittmann G, Ernst F, Kleemann M, Patz T (2020)
3D catheter guidance including shape sensing for endovascular naviga-
tion. Proceedings of SPIE Medical Imaging: Image-Guided Procedures,
Robotic Interventions, and Modeling. 1131504:pp 1-9

Klein J, Wenzel M, Romberg D, Kéhn A, Kohlmann P, Link F, Hansch
A, Dicken V, Stein R, Haase J, Schreiber A, Hahn H, Meine H (2020)
QuantMed: Component-based DL platform for translational research.
Proceedings of SPIE Medical Imaging: Imaging Informatics for Health-
care, Research, and Applications. 113180U:pp 1-8

Konstandin S, Cordes C, Guenther M (2020) Graphical sequence
visualization and development in the dynamic platform-independent
framework gammaSTAR: A first prototype. Proceedings of the 28th
Annual Meeting ISMRM. 3644

Kraft V, Link F, Schenk A, Schumann C (2020) Adaptive Illumination
Sampling for Direct Volume Rendering. Advances in Computer Graph-
ics. Lecture Notes in Computer Science, pp 107-118

Kuckertz S, Papenberg N, Honegger J, Morgas T, Haas B, Heldmann S
(2020) Deep learning based CT-CBCT image registration for adaptive
radio therapy. Proceedings of SPIE Medical Imaging: Image Processing.
113130Q:pp 1-6

Kuckertz S, Papenberg N, Honegger J, Morgas T, Haas B, Heldmann S
(2020) Learning Deformable Image Registration with Structure Guid-
ance Constraints for Adaptive Radiotherapy. In: Spiclin Z, McClelland
J, Kybic J, Goksel O (eds) Biomedical Image Registration. LNCS 12120,
pp 44-53

Lange A, Heldmann S (2020) Intensity-Based 2D-3D Registration Using
Normalized Gradient Fields. In: Tolxdorff T, Deserno TM, Handels H,
Maier A, Maier-Hein KH, Palm C (eds) Bildverarbeitung fir die Medizin
2020. Springer Fachmedien Wiesbaden, pp 163-168

Lange A, Heldmann S (2020) Multilevel 2D-3D Intensity-Based Image
Registration. In: Spiclin Z, McClelland J, Kybic J, Goksel O (eds) Biomed-
ical Image Registration. LNCS 12120, pp 57-66

Lassen-Schmidt B, Hering A, Krass S, Meine H (2020) Automatic
segmentation of the pulmonary lobes with a 3D u-net and optimized
loss function. Medical Imaging with Deep Learning (MIDL 2020). arX-
iv:2006.00083v1

Lick T, Nopper H, Schendel O, Weyhe D, Salzmann D, Uslar V, Rein-
schluessel A, Doring T, Muender T, Malaka R, Schenk A, Schumann C
(2020) Exploring realistic haptics for 3D-printed organ phantoms in
surgery training in VR and AR. Transactions on Additive Manufacturing
Meets Medicine

Mercan C, Mooij GCAM, Tellez D, Lotz J, Weiss N, van Gerven M, Ciompi
F (2020) Virtual Staining for Mitosis Detection in Breast Histopathology.
IEEE International Symposium on Biomedical Imaging. pp 1770-1774

Moltz JH, Hansch A, Lassen-Schmidt B, Haas B, Genghi A, Schreier J,
Morgas T, Klein J (2020) Learning a Loss Function for Segmentation: A
Feasibility Study. IEEE International Symposium on Biomedical Imaging.
pp 957-960

Overduin CG, Perik T, Patz T, Jenniskens S, Futterer JJ (2020) 3D quan-
titative assessment of ablative margins following percutaneous liver
thermal ablation: correlation with outcome in 45 tumors. ECR 2020.
C-11551

Rothluebbers S, Strohm H, Eickel K, Jenne J, Kuhlen V, Sinden D, Gln-
ther M (2020) Improving Image Quality of Single Plane Wave Ultrasound
via Deep Learning Based Channel Compounding. IEEE International
Ultrasonics Symposium

Stoja E, Konstandin S, Wilke RN, Philipp D, Umathum R, Jenne J, Betan-
court D, Bertuch T, Guenther M (2020) Design and characterization of
a metasurface enhancement plate for 3T MRI. IEEE MTT-S International
Microwave Biomedical Conference (IMBioC). pp 1-4

Stoja E, Philipp D, Betancourt D, Konstandin S, Wilke RN, Umathum
R, Jenne J, Bertuch T, Guenther M (2020) Numerical investigation of
a self-detuning signal enhancement metasurface for 3T MRI. XXXllird
General Assembly and Scientific Symposium of the International Union
of Radio Science (GASS, URSI). pp K12-01

59



Strohm H, Rothluebbers S, Eickel K, Glinther M (2020) Beyond Classical
Ultrasound Contrast via Deep Neural Networks. IEEE International
Ultrasonics Symposium

Wilke RN, Stoja E, Bekaan K, Philip D, Jenne J, Betancourt D, Konstandin
S, Umathum R, Bertuch T, Guenther M (2020) Efficient 3D-character-
ization of metamaterial devices for enhanced magnetic resonance
imaging. Proceedings of the 28th Annual Meeting ISMRM. 4079

60

Journal articles 2021

Balkenhol MCA, Ciompi F, Swiderska-Chadaj Z, van de Loo R, Intezar M,
Otte-Holler |, Geijs D, Lotz J, Weiss N, de Bel T, Litjens G, Bult P, van der
Laak JAWM (2021) Optimized tumour infiltrating lymphocyte assess-
ment for triple negative breast cancer prognostics. The Breast 56:78-87

Bouteldja N, Klinkhammer BM, Bilow RD, Droste P, Otten SW, Freifrau
von Stillfried S, Moellmann J, Sheehan SM, Korstanje R, Menzel S, Bank-
head P, Mietsch M, Drummer C, Lehrke M, Kramann R, Floege J, Boor P,
Merhof D (2021) Deep Learning-Based Segmentation and Quantification
in Experimental Kidney Histopathology. J Am Soc Nephrol 32(1):52-68

Breutigam NJ Gunther M. Hoinkiss D.C. Eickel K. Frost R. Buck M.A.
Porter D.A. (2021) Combined acquisition of diffusion and T2*-weighted
measurements using simultaneous multi-contrast magnetic resonance
imaging. Magn Reson Mater Phy online first

Chappell MA, McConnell FAK, Golay X, Glnther M, Hernandez-Tama-
mes JA, van Osch MJ, Asllani | (2021) Partial volume correction in arterial
spin labeling perfusion MRI: A method to disentangle anatomy from
physiology or an analysis step too far? Neurolmage 238:118236

Cremer C, Merkes JM, Bub CL, Rommel D, Patureau FW, Banala S
(2021) Leucomethylene blue probe detects a broad spectrum of reactive
oxygen and nitrogen species. RSC Adv 11(51):32295-32299

Doleschel D, Hoff S, Koletnik S, Rix A, Zopf D, Kiessling F, Lederle W
(2021) Regorafenib enhances anti-PD1 immunotherapy efficacy in mu-
rine colorectal cancers and their combination prevents tumor regrowth.
J Exp Clin Cancer Res 40(1)

Fedorov A, Longabaugh WIR, Pot D, Clunie DA, Pieper S, Aerts HJWL,
Homeyer A, Lewis R, Akbarzadeh A, Bontempi D, Clifford W, Herrmann
MD, Hofener H, Octaviano |, Osborne C, Paquette S, Petts J, Punzo D,
Reyes M, Schacherer DP, Tian M, White G, Ziegler E, Shmulevich I, Pihl
T, Wagner U, Farahani K, Kikinis R (2021) NCI Imaging Data Commons.
Cancer Res 81(16):4188-4193

Gebauer L, Moltz JH, Muhlberg A, Holch JW, Huber T, Enke J, Jager N,
Haas M, Kruger S, Boeck S, Suhling M, Katzmann A, Hahn H, Kunz WG,
Heinemann V, Norenberg D, Maurus S (2021) Quantitative Imaging Bio-
markers of the Whole Liver Tumor Burden Improve Survival Prediction in
Metastatic Pancreatic Cancer. Cancers 13(22):5732

Hackenberg A, Worthmann K, Patz T, Keiner D, Oertel J, FlaBkamp K
(2021) Neurosurgery planning based on automated image recognition
and optimal path design. at — Automatisierungstechnik 69(8):708-721

Han T, Nebelung S, Pedersoli F, Zimmermann M, Schulze-Hagen M, Ho
M, Haarburger C, Kiessling F, Kuhl C, Schulz V, Truhn D (2021) Ad-
vancing diagnostic performance and clinical usability of neural networks
via adversarial training and dual batch normalization. Nat Commun
12(1):4315

Hering A, Hager S, Moltz J, Lessmann N, Heldmann S, van Ginneken
B (2021) CNN-based lung CT registration with multiple anatomical
constraints. Med Image Anal 72:102139

Hofmann B (2021) Linking Science and Technology with Arts and the
Next Generation: The STEAM Imaging Experimental Artist Residency, A



Case Study. Leonardo 54(2):185-190

Homeyer A, Lotz J, Schwen LO, Weiss N, Romberg D, Hofener H, Zerbe
N, Hufnagl P (2021) Artificial intelligence in pathology: From prototype
to product. J Pathol Inform 12(1):13

Hua C, Wei W, Zhang T, Xu F, Dirsch O, Homeyer A, Settmacher U,
Dahmen U (2021) Additional partial hepatectomy at the time of portal
vein ligation accelerates the regeneration of the future liver remnant.
Sci Rep 11(1):11740

Huber J, Hoinkiss DC, Guenther M (2021) Joint estimation and cor-
rection of motion and geometric distortion in segmented arterial spin
labeling. Magn Reson Med online first

Hyun D, Wiacek A, Goudarzi S, Rothluebbers S, Asif A, Eickel K, Eldar
Y, Huang J, Mischi M Rivaz H, Sinden D, van Sloun RJG, Strohm H, Bell
MAL (2021) Deep Learning for Ultrasound Image Formation: CUBDL
Evaluation Framework & Open Datasets. IEEE Trans Ultrason Ferroelectr
Freq Control 1

Jackle S, Eixmann T., Matysiak F, Sieren MM, Horn M, Schulz-Hildeb-
randt H, HUttmann G, Patz T (2021) 3D Stent Graft Guidance based on
Tracking Systems for Endovascular Aneurysm Repair. Curr Dir Biomed
Eng 7(1):17-20

Jackle S, Lange A, Garcia-Vazquez V, Eixmann T, Matysiak F, Sieren MM,
Horn M, Schulz-Hildebrandt H, Hittmann G, Ernst F Heldmann S, Patz
T, Preusser T (2021) Instrument Localization for Endovascular Aneurysm
Repair — Comparison of two methods based on Tracking Systems or
using Imaging. Int J Med Robot Comput Assist Surg

Jackle S, Roger E, Dicken V, Geisler B, Schumacher J, Westphal M (2021)
A Statistical Model to Assess Risk for Supporting COVID-19 Quarantine
Decisions. Int J Environ Res Public Health 18(17)

Karstensen L, Paetz T, Mathis-Ullrich F, Stallkamp J (2021) Facile Testbed
for Robotic X-ray based Endovascular Interventions. Curr Dir Biomed
Eng 7(1):121-125

Kiessling F (2021) US Microbubbles as Smart Sensors of Portal Venous
Pressure. Radiology 298(1):112-113

Klinkhammer BM, Lammers T, Mottaghy FM, Kiessling F, Floege J, Boor
P (2021) Non-invasive molecular imaging of kidney diseases. Nat Rev
Nephrol 17(10):688-703

Kossen T, Subramaniam P, Madai VI, Hennemuth A, Hildebrand K,
Hilbert A, Sobesky J, Livne M, Galinovic |, Khalil AA, Fiebach JB, Frey
D (2021) Synthesizing anonymized and labeled TOF-MRA patches for
brain vessel segmentation using generative adversarial networks. Com-
put Biol Med 131:104254

Kraft V, Schumann C, Salzmann D, Nopper H, Lick T, Weyhe D, Schenk
A (2021) Towards realistic organ models for 3D printing and visualiza-
tion. Current Directions in Biomedical Engineering 7(1):166-170

Lessmann N, Sanchez Cl, Beenen L, Boulogne LH, Brink M, Calli E, Char-
bonnier J-P, Dofferhoff T, van Everdingen WM, Gerke PK, Geurts B, Gi-
etema HA, Groeneveld M, van Harten L, Hendrix N, Hendrix W, Huisman
HJ, Isgum 1, Jacobs C, Kluge R, Kok M, Krdzalic J, Lassen-Schmidt B, van

Leeuwen K, Meakin J, Overkamp M, van Rees Vellinga T, van Rikxoort
EM, Samperna R, Schaefer-Prokop C, Schalekamp S, Scholten ET, Sital
C, Stoger JL, Teuwen J, Venkadesh KV, de Vente C, Vermaat M, Xie W,
de Wilde B, Prokop M, van Ginneken B (2021) Automated Assessment
of COVID-19 Reporting and Data System and Chest CT Severity Scores
in Patients Suspected of Having COVID-19 Using Artificial Intelligence.
Radiology 298(1):E18-E28

Liang C, Bai X, Qi C, Sun Q, Han X, Lan T, Zhang H, Zheng X, Liang R,
Jiao J, Zheng Z, Fang J, Lei P, Wang Y, Mockel D, Metselaar JM, Storm
G, Hennink WE, Kiessling F, Wei H, Lammers T, Shi Y, Wei B (2021) []
electron-stabilized polymeric micelles potentiate docetaxel therapy in
advanced-stage gastrointestinal cancer. Biomaterials 266:120432

Mahroo A, Buck M, Huber J, Breutigam N-J, Mutsaerts H, Craig M,
Chappell M, Glnther M (2021) Robust Multi-TE ASL-Based Blood-Brain
Barrier Integrity Measurements. Front. Neurosci 15:online first

Muhlberg A, Holch JW, Heinemann V, Huber T, Moltz J, Maurus S, Jager
N, Liu L, Froelich MF, Katzmann A, Gresser E, Taubmann O, Sihling M,
Norenberg D (2021) The relevance of CT-based geometric and radiomics
analysis of whole liver tumor burden to predict survival of patients with
metastatic colorectal cancer. Eur Radiol 31:834-846

Merkes JM, Banala S (2021) Temperature-Controlled Conversion of
Boc-Protected Methylene Blue: Advancing Solid-State Time-Tempera-
ture Indicators. ChemistryOpen 10(11):1129-1132

Merkes JM, Ostlender T, Wang F, Kiessling F, Sun H, Banala S (2021)
Tuning the optical properties of BODIPY dyes by N-rich heterocycle
conjugation using a combined synthesis and computational approach.
New J Chem 45(42):19641-19645

Meyer A, Chlebus G, Rak M, Schindele D, Schostak M, van Ginneken
B, Schenk A, Meine H, Hahn HK, Schreiber A, Hansen C (2021) Aniso-
tropic 3D Multi-Stream CNN for Accurate Prostate Segmentation from
Multi-Planar MRI. Comput Methods Programs Biomed 200:105821

Mihcin S, Gagliardo C, Toia P, Dennison A, Strehlow J, Melzer A (2021)
MR-guided focused ultrasound application for moving target tumor
ablation in abdominal area: coil selection. Acta Radiol 62(1):3-11

Neumann K, Schidlowski M, Glnther M, Stocker T, Dlzel E (2021) Re-
liability and Reproducibility of Hadamard Encoded Pseudo-Continuous
Arterial Spin Labeling in Healthy Elderly. Front Neurosci 15

Nitsch J, Sack J, Halle MW, Moltz JH, Wall A, Rutherford AE, Kikinis R,
Meine H (2021) MRI-based radiomic feature analysis of end-stage liver
disease for severity stratification. Int J CARS 16(3):457-466

Nolte T, Scholten H, Gross-Weege N, Amthor T, Koken P, Doneva M,
Schulz V (2021) Confounding factors in breast magnetic resonance
fingerprinting: B1+, slice profile, and diffusion effects. Magn Reson
Med 85(4):1865-1880

Nolte T, Vaidya N, Baragona M, Elevelt A, Lavezzo V, Maessen R, Schulz
V, Veroy K (2021) Study of flow effects on temperature-controlled
radiofrequency ablation using phantom experiments and forward
simulations. Med Phys 48(9):4754-4768

Overhoff D, Kohlmann P, Frydrychowicz A, Gatidis S, Loewe C, Moltz J,

61



Kuhnigk J-M, Gutberlet M, Winter H, Volker M, Hahn H, Schoenberg SO
(2021) The International Radiomics Platform — An Initiative of the Ger-
man and Austrian Radiological Societies — First Application Examples.
Rofo 193(3):276-288

Pantke D, Mueller F, Reinartz S, Kiessling F, Schulz V (202 1) Flow velocity
quantification by exploiting the principles of the Doppler effect and
magnetic particle imaging. Sci Rep 11:4529

Runte K, Brosien K, Schubert C, Nordmeyer J, Kramer P, Schubert S,
Berger F, Hennemuth A, Kuehne T, Kelm M, Goubergrits L (2021) Im-
age-Based Computational Model Predicts Dobutamine-Induced Hemo-
dynamic Changes in Patients With Aortic Coarctation. Circ Cardiovasc
Imaging 14(2)

Schreuder A, Jacobs C, Lessmann N, Broeders MJM, Silva M, ISgum |,
de Jong PA, Sverzellati N, Prokop M, Pastorino U, Schaefer-Prokop CM,
van Ginneken B (2021) Combining pulmonary and cardiac computed
tomography biomarkers for disease-specific risk modelling in lung
cancer screening. Eur Respir J 58(3):2003386

Schreuder A, Scholten ET, van Ginneken B, Jacobs C (2021) Atrtificial
intelligence for detection and characterization of pulmonary nodules
in lung cancer CT screening: ready for practice? Transl Lung Cancer Res
10(5):2378-2388

Sieren MM, Jackle S, Eixmann T., Schulz-Hildebrandt H, Matysiak F,
Preuss M, Garcia-Vazquez V, Stahlberg E, Kleemann M, Barkhausen J,
Goltz J, Horn M (2021) Radiation-free Thoracic Endovascular Aneurysm
Repair with Fiberoptic and Electromagnetic Guidance:A Phantom Study.
J Vasc Interv Radiol in press

Ssali T, Anazodo UC, Narciso L, Liu L, Jesso S, Richardson L, Glnther
M, Konstandin S, Eickel K, Prato F, Finger E, St. Lawrence K (2021)
Sensitivity of Arterial Spin Labeling for Characterization of Longitudinal
Perfusion Changes in Frontotemporal Dementia and Related Disorders.
Neurolmage: Clinical 102853

Stoja E, Konstandin S, Philipp D, Wilke RN, Betancourt D, Bertuch T,
Jenne J, Umathum R, Guenther M (2021) Improving magnetic reso-
nance imaging with smart and thin metasurfaces. Scientific Reports
11(1):16179

Theek B, Magnuska Z, Gremse F, Hahn H, Schulz V, Kiessling F (2021)
Automation of data analysis in molecular cancer imaging and its poten-
tial impact on future clinical practice. Methods 188:30-36

Tonguc T, Strunk H, Gonzalez-Carmona MA, Recker F, Litjohann D,
Thudium M, Conrad R, Becher MU, Savchenko O, Davidova D, Luec-
hters G, Mustea A, Strassburg CP, Attenberger U, Pieper CC, Jenne
J, Marinova M (2021) US-guided high-intensity focused ultrasound
(HIFU) of abdominal tumors: outcome, early ablation-related laboratory
changes and inflammatory reaction. A single-center experience from
Germany. Int J Hyperthermia 38(2):65-74

Wachtler T, Bauer P, Denker M, Griin S, Hanke M, Klein J, Oeltze-Jafra
S, Ritter P, Rotter S, Scherberger H, Stein A, Witte O (2021) NFDI-Neuro:
building a community for neuroscience research data management in
Germany. Neuroforum 000010151520200036

Walczak L, Tautz L, Neugebauer M, Georgii J, Wamala I, Sindermann

62

S, Falk V, Hennemuth A (2021) Interactive editing of virtual chordae
tendineae for the simulation of the mitral valve in a decision support
system. Int J CARS 16(1):125-132

Walczak L, Georgii J, Tautz L, Neugebauer M, Wamala I, Stindermann
S, Falk V, Hennemuth A (2021) Using Position-Based Dynamics for
Simulating Mitral Valve Closureand Repair Procedures. COMPUTER
GRAPHICSforum online first

Zuo S, Al Rawashdeh W'el, Rosenhain S, Magnuska Z, Gyamfuah YG,
Kiessling F, Gremse F (2021) Mixing Matrix-corrected Whole-body
Pharmacokinetic Modeling Using Longitudinal Micro-computed To-
mography and Fluorescence-mediated Tomography. Mol Imaging Biol
23(6):963-974

Articles in conference proceedings 2021

Breutigam NJ, Hoinkiss DC, Buck M, Eickel K, Guenther M, Porter D
(2021) Evaluation of Saturation Effects in Simultaneous Multi-Contrast
(SMC) Imaging. Proceedings of the 29th Annual Meeting of the ISMRM.
1330

Buck MA, Mahroo A, Huber J, Glinther M (202 1) Considering intra-vox-
el transit times is a must for robust determination of Blood Brain Barrier
Integrity using Arterial Spin Labeling. Proceedings of the 38th Annual
Scientific Meeting of the ESMRMB. $4.05

Canalini L, Klein J, Pedrosa de Barros N, Sima DM, Miller D, Hahn HK
(2021) Comparison of different automatic solutions for resection cav-
ity segmentation in postoperative MRI volumes including longitudinal
acquisitions. Proceedings of SPIE Medical Imaging: Image-Guided
Procedures, Robotic Interventions, and Modeling. 1159822

Hering A, Peisen F, Amaral T, Gatidis S, Eigentler T, Othman A, Moltz
JH (2021) Whole-Body Soft-Tissue Lesion Tracking and Segmentation
in Longitudinal CT Imaging Studies. Proceedings of Machine Learning
Research (MIDL 2021). pp 312-326

Hoinkiss DC, Nijsink H, Borm P, Haase S, Futterer J, Strehlow J, Paetz
T (2021) Real-Time Slice Steering for MR-Guided Interventions Using
Endovascular Devices Equipped with Passive MRI Markers. Proceedings
of the 29th Annual Meeting of the ISMRM. 0854

Huber J, Channaveerappa M, Hoinkiss DC, Ginther M (2021) Towards
Free-Breathing Liver Perfusion Imaging (Using Prospective Motion
Correction). Proceedings of the 38th Annual Scientific Meeting of the
ESMRMB. S4.P7

Huber J, Hoinkiss DC, Gunther M (2021) Adaptive Adjustment of
Background Suppression in Pseudo-Continuous Arterial Spin Labeling.
Proceedings of the 38th Annual Scientific Meeting of the ESMRMB.
S4.P5

Huber J, Hoinkiss DC, Guenther M (2021) Joint Estimation and Correc-
tion of Motion and Geometric Distortion in Segmented 3D Arterial Spin
Labeling. Proceedings of the 29th Annual Meeting of the ISMRM. 0468

Huber J, Hoinkiss DC, Guenther M (2021) Robust Implementation of a
3D Pulsed ASL Sequence for Assessment of Liver Perfusion. Proceedings
of the 29th Annual Meeting of the ISMRM. 2737



Ivantsits M, Goubergrits L, Kuhnigk JM, Huellebrand M, Briining J, Kos-
sen T, Pfahringer B, Schaller J, Spuler A, Kuehne T, Hennemuth A (2021)
Cerebral Aneurysm Detection and Analysis Challenge 2020 (CADA). In:
Hennemuth A, Goubergrits L, Ivantsits M, Kuhnigk JM (eds) Cerebral
Aneurysm Detection and Analysis. CADA 2020. LNCS (12643), pp 3-17

lvantsits M, Goubergrits L, Briining J, Spuler A, Hennemuth A (2021)
Intracranial Aneurysm Rupture Prediction with Computational Fluid
Dynamics Point Clouds. In: Hennemuth A, Goubergrits L, Ivantsits M,
Kuhnigk JM (eds) Cerebral Aneurysm Detection and Analysis. CADA
2020. LNCS (12643), pp 104-112

Ivantsits M, Huellebrand M, Kelle S, Kuehne T, Hennemuth A (2021)
Intracranial Aneurysm Rupture Risk Estimation Utilizing Vessel-Graphs
and Machine Learning. In: Hennemuth A, Goubergrits L, Ivantsits M,
Kuhnigk JM (eds) Cerebral Aneurysm Detection and Analysis. CADA
2020. LNCS (12643), pp 93-103

Ivantsits M, Kuhnigk J-M, Huellebrand M, Kuehne T, Hennemuth A
(2021) Deep Learning-Based 3D U-Net Cerebral Aneurysm Detection.
In: Hennemuth A, Goubergrits L, Ivantsits M, Kuhnigk JM (eds) Cerebral
Aneurysm Detection and Analysis. CADA 2020. LNCS (12643), pp
31-38

Kuckertz S, Weiler F, Matusche B, Lukas C, Spies L, Klein J, Heldmann
S (2021) A system for fully automated monitoring of lesion evolution
over time in multiple sclerosis. Proceedings of SPIE Medical Imaging:
Computer-Aided Diagnosis. 115972D

Philipp D, Stoja E, Konstandin S, Wilke RN, Betancourt D, Bertuch T,
Jenne J, Umathum R, Guenther M (2021) Smart metamaterials for 3 T
MRI. Proceedings of the 29th Annual Meeting ISMRM. 1403

Theilen E, Preusser T (2021) Stochastic segmentation on images with
uncertain data. Pamm

Tschigor C, Chlebus G, Schumann C (2021) Deep Learning-basierte
Oberflachenrekonstruktion aus Bindrmasken. Bildverarbeitung fir die
Medizin. Informatik aktuell, pp 304-309

Wilke RN, Konstandin S, Hoinkiss DC, Uecker M, Guenther M (2021)
Visual Remote Control of MRI Reconstruction Toolboxes. Proceedings of
the 29th Annual Meeting of the ISMRM. 3770

Winata S, Hoinkiss DC, Keith GA, Porter DA, Ginther M (2021) Image
Registration Shortcut for Prospective Motion Correction Using Unsep-
arated Multiband Slices. Proceedings of the 38th Annual Scientific
Meeting of the ESMRMB. S3.P27

Winata S, Hoinkiss DC, Keith GA, Porter DA, Gunther M (2021) Op-
timisation of Navigator Parameter for MS-PACE Prospective Motion
Correction. Proceedings of the BIC & Iberian Chapter of ISMRM Post
Graduate Meeting

Dissertations 2020/21

Kocev, Bojan (2020) Modeling, Estimating, and Visualizing Spatial and
Temporal Uncertainty for Image-Guided Therapy, Jacobs University
Bremen

Lotz, Johannes (2020) Combined Local and Global Image Registration
and its Application to Large-Scale Images in Digital Pathology, Univer-
sitat zu LUbeck

Nitsch, Jennifer (2020) Machine Learning and Multi-Modal Image
Analysis for Image-Guided Therapy and Clinical Decision Support,
Universitat Bremen

Tautz, Lennart (2020) Image-Based Tracking, Quantification and Explo-
ration of Cardiac Dynamics, TU Berlin

Theilen, Elin (2020) Numerical modelling of multi-body hydrodynamics
in multi-phase simulations, TU Hamburg

Brehmer, Kai (2021) SqN: A Novel Distance Measure for Multiple Images
and Applications, Universitat zu Libeck

Hansch, Annika (2021) Implications of Dataset Heterogeneity on Deep
Learning Performance in Medical Image Segmentation Jacobs University
Bremen

Jackle, Sonja (2021) Guidance of medical instruments based on tracking
systems, Jacobs University Bremen

Zimmermann, Judith (2021) Quantifying Hemodynamics in the Aorta
with Four-Dimensional Flow Magnetic Resonance Imaging, TU Minchen

63



Master Theses 2020/21

Beckmann, Larissa (2020) Automatisierte Qualitatsbeurteilung bei
kontrastmittelunterstiitzten MRT-Untersuchungen, FH Minster

Bekaan, Kyra (2020) Near-Field Radio Frequency Characterization of
Magnetic Resonance Metamaterials in Three-Dimensional Space, Carl
von Ossietzky Universitat Oldenburg

Demirtas, Sinan (2020) Segmentierung von White Matter Lesions in
MRT-Aufnahmen mit Deep Learning, Universitat Bremen

Frohwitter, Nils (2020) GAN-basierte Bildsynthese in der Bildregis-
trierung, Universitat zu Libeck

Hackenberg, Annika (2020) Operationsplanung mittels automatischer
Bilderkennung auf MRT-Daten und numerischer Optimalsteuerung,
Universitat Bremen

Kock, Farina (2020) Liver Vessel Segmentation with Deep Learning,
Universitat Osnabrlick

Ludwig, Ingmar (2020) Patient-Specific Modeling and Simulation of
Knee Joint Motion using Position Based Dynamics, Universitat Bremen

Makendi, Amos (2020) CNN-Based Vessel Wall Assessment in MR
Angiographic Image Data, TU Berlin

Mensing, Daniel (2020) Towards Automated Quality Assessment with
Deep Learning: Classification, Quantification and Correction of MRI
Artefacts, Universitat Bremen

Mukherjee, Avik (2020) Bayesian Deep Learning for Brain CT Based
Therapy Decisions, TU Kaiserslautern

Razavizadeh, Seyedsina (2020) An Augmented Reality Tool for Re-
section Site Repair Phase during Laparoscopic Partial Nephrectomy,
Otto-von-Guericke University

Schmidt, Ewald (2020) Evaluation and Optimisation of a Catheter
Simulation for Endovascular Navigation, Hamburg University of Applied
Sciences

Shemyakov, Anton (2020) Explaining Self Supervised Body Part Regres-
sor, Jacobs University Bremen

Steding, David (2020) Annaherung an eine erschopfende Information-
sextraktion aus Texten elektronischer Gesundheitsberichte, Universitat
Bremen

Thiemann, Marc Tim (2020) Deep Learning for Segmentation and
Integrity Analysis of the Pulmonary Fissures, Universitat Bremen

Tschigor, Carina (2020) Deep-Learning-Based Smooth Surface Recon-
struction from Segmentation Masks in Medical Imaging, Fernuniversitat
Hagen

Zeitler, Waldemar (2020) Erzeugung von Environment Maps fir Image
Based Lighting mit der HoloLens, Universitat Bremen

64

Fischer, Maximilian (2021) Weakly supervised neural networks for 3D
nonlinear image registration and its application in radiotherapy, Ham-
burg University of Applied Sciences

Magnusson, Jannes (202 1) Predicting Wall Shear Stresses with Geomet-
ric Deep Learning, TU Berlin

Hartenstein, Thomas (2021) DL based support of Chest X-Ray interpre-
tation through automatic classification and explainability approaches,
TU Berlin

Yuan, Huigi (2021) Missing value imputation for clinical data using
generative adversarial networks, TU Berlin

Nasir, Anaum (2021) Analysis of Ultrasound Image Sequences to Opti-
mize Mechanical Ventilation in Critical Care, Hochschule Anhalt



IMPRESSUM

Editors

Authors

lllustrations

lllustrations Editors

Photography

Editing & Layout

Translation

Bianka Hofmann
Guido Prause

An Outlook into the Future & Impact Stories: Frank Grotellschen (independent author) in
collaboration with Nora-Josefin Breutigam, Matthias Gunther, Horst Hahn, Anja Hennemuth,
Henning Hofener, Bianka Hofmann, Daniel Christopher Hoinkiss, Markus Lang, Bianca Las-
sen-Schmidt, Johannes Lotz, Hans Meine, Jan Hendrik Moltz, Tobias Preusser, Sven Rothliib-
bers, Andrea Schenk, Jan Strehlow, Markus Wenzel

Fraunhofer MEVIS at a Glance & The Years 2020/21: Thomas Forstmann, Guido Prause

Susanne Diekmann, Bianka Hofmann, Alexander Kéhn, Valentin Kraft, Mathias Neugebauer
in collaboration with Nora-Josefin Breutigam, Anja Hennemuth, Henning Héfener, Daniel
Christopher Hoinkiss, Bianca Lassen-Schmidt, Johannes Lotz, Hans Meine, Jan Hendrik Moltz,
Sven Rothllbbers, Andrea Schenk, Jan Strehlow, Markus Wenzel

Bianka Hofmann
Mathias Neugebauer

Publisher Fraunhofer MEVIS
Olaf Klinghammer Max-von-Laue-Str. 2
28359 Bremen
Germany
Olaf Klinghammer +49 421218 59112
Guido Prause office@mevis.fraunhofer.de

www.mevis.fraunhofer.de

David Black © Fraunhofer MEVIS

65












