Visceral Surgery

New
dimensions
in surgery

Dirk Weyhe sees IT and digitalization
playing anintegral role in the operating
rooms of the future. He and his team

are working to harness new technologies
for surgical procedures
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hen you enter Op-
erating Theatre 3
of the new central
operating depart-
ment at Pius Hospital Oldenburg, the
firstthing younoticeisthelarge, three-
part mural on the back wall: a dream-
like landscape of white dunes, a tran-
quil sea and blue sky. "We believe that
anattractive environmentsignificantly
improves the workplace atmosphere;’
says Dirk Weyhe, Professor of Visceral
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The speciallampsin the new operating room at the Pius Hospital feature all the colours of the spectrum, making contrasts such as
those between blood and liver tissue easier to see. The surgeons today still have to manually adjust the lighting in the operating theatre
while they perform surgery. The partnersinvolved in the SmartOT projectare developing anintelligent lighting system that automati-

cally compensates for any shadows.

Surgery at the University and director
of the University Clinic for Visceral Sur-
gery at Pius Hospital Oldenburg. And
that, he stresses, is indispensable for
the success of the operations that are
performed here on a daily basis.
However, the atmosphere in the
operating theatre is just one aspect of
acomprehensive plan to make internal
organ surgery safer for patients. Weyhe
and his team are integrating various
new technologies - from intelligent

lighting and voice assistance systems
to augmented and virtual reality (AR
and VR) - to achieve this goal. Several
computers and data cables as thick as
arms are embedded in the walls of the
new operating theatre, which also fea-
tures no less than seven strategically
positioned monitors and several cam-
eras, as well as a powerful Wi-Fi con-
nection. "Complex human-machine
interactions will be integral to the
operating theatres of the future,’ the

surgeon explains. Rather than replac-
ing humans, Weyhe believes, techno-
logy should complementand optimize
their capabilities. He sees potential for
new technologies in both the plan-
ning and implementation of surgical
procedures, as well as numerous ap-
plicationsin medical training and con-
tinuing education, including anatomy
coursesusing VR headsets and realistic
organ models for practising surgical
procedures.
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Dirk Weyhe and his team are committed to
bringing new technologies to medicine.

Physicians can use AR headsets to study ho-
lograms of organs from allangles, rotate them
manually, or move them about. Theimages
canalso beviewed onalarge screen by medi-
cal staff not wearing data headsets.

Assistantdoctors can train to performava-
riety of surgical procedures using lifelike organ
models produced with 3D printing.
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Weyhe is working with his colleagues
Dr. Verena Uslar, Dr. Daniela Salz-
mann, and Dr. Timur Cetin to turn
these plans into reality. The research
team at the University Clinic for Vis-
ceral Surgery is a partner in various
projects for developing and testing
new technologies. In addition, the re-
searchers are examining the impact
of the innovations on workload and
stress levels in operating room staff -
a question that has been little re-
searched. "The overarching research
topic in our group is patient safety,’
Weyhe emphasizes. Because for all the
top-level expertise, conscientiousness
and constant advances in medicine,
operationsdon'talways goaccordingto
plan - with potentially negative conse-
quences for the patient. Reducing the
frequency of such adverse eventsis the
department's declared mission.

Another factor that has received
little attention is the lighting in op-
erating theatres. "It's clear that poor
illumination of the surgical site can
lead to errors, but there are hardly any
studies on this,’ says Weyhe. A typical
problem is that doctors and nurses
move around during an operation,
meaning that the lighting conditions
are constantly changing. Weyhe and
his team are involved in the SmartOT
(Smart Lighting in Operating Thea-
tres) project led by the University of
Bremen, which is working to find spe-
cialized solutions.

With funding from the German
Federal Ministry of Education and Re-
search (BMBF), the project partnersare
jointly developing a lighting system
thateliminates shadowsautonomous-
ly. Conventional surgical lamps are
replaced with light arrays on the ceil-
ing that can be controlled via gestures
and voice commands. For fine-tuning,
individual sections switch on and off
automatically. "This allows the sys-
tem to be operated in a completely
sterile manner,' explains Timur Cetin,
wholeads the Oldenburg subproject. A
prototype of the system, which is con-
trolled by sensors, depth cameras and
artificial intelligence (AI), will be used
in the Pius Hospital's new operating

theatre for surgical training, which is
due to open its doors by the end of the
year. "We have been tasked with cre-
ating a system that works in real-life
conditions,’ Cetin says. The research
team at the University of Oldenburg
analysed the requirements for a smart
lighting system at the start of the pro-
ject and is currently evaluating the
usability of the prototypes.

The innovations under develop-
ment in the VIVATOP project (Versatile
Immersive Virtual and Augmented
Tangible OP project), which is led by
Daniela Salzmann, a clinical scientist
at the University of Oldenburg, could
bring far more radical changes to the
operating room. The researchers in
this project, which is also funded by
the BMBE, are investigating how vir-
tual reality, augmented reality and 3D
printing canbeintegrated intosurgical
training, surgery planning and day-to-
day surgical procedures at hospitals.
The project is led by Professor Rainer
Malaka from the Digital Media Lab at
the University of Bremen. Weyhe's re-
search group as well as other research
institutions and partners from indus-
try are also involved.

Weyhe uses a 3D printed liver to
demonstrate where the technology is
heading. The model is made of trans-
parent hard plastic. A tumour, sev-
eral metastases and the boundaries
between the various segments of the
liver and blood vessels are highlighted
in different colours. "What makes this
special is that the print is patient-spe-
cific;; Weyhe says. The model was made
using data from a patient's computed
tomography scan. "This gives you a
much better three-dimensional sense
of the location of a tumour than you
getfromatwo-dimensional CT image;’
he explains. So far doctors have had to
construct a three-dimensional image
of the organ in their minds, on the ba-
sis of the sectional images provided by
computed tomography - something
that requires a great deal of experi-
ence, for example when it comes to
detecting abnormalities in blood vessel
pathways. In the 3D models produced
by the Fraunhofer Institute for Digital
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Medicine MEVIS in Bremen, abnor-
malities are apparent immediately.
"It is vital to be aware of such vascular
variations in preoperative planning,'
Weyhe emphasizes.

Another technology that doctors
aim touse for planning surgical proce-
duresis VR headsets that fullyimmerse
the user in an artificial, three-dimen-
sional world. One of the goals of the
VIVATOP project is to enable experts
in differentlocations to come together
in a virtual space to view and discuss
patient data. The VR headsets used for
this purpose feature head-mounted
displaysand completely cover the eyes.
They show an operating room in which
wearers can move around and operate
various virtual surgical instruments
via tworemote controls. VR technology
can be used for example to simulate
the surgical removal of parts of a liver,
known asliver resection. The 3D organ
modelin thevirtual world canberota-
ted and manipulated in real time and
also used for detailed planning - such
as going through the individual steps
of a surgical procedure. In addition,
the tool can be used to determine the
diameter and volume of tumours or
removed liver tissue.

Mixed reality or AR glasses can also
be used to view 3D images. The dif-
ference is that with these devices the
normal environment remains visible.
With the HoloLens headsets used in
the VIVATOP project, the wearer can
rotate, move or enlarge the organ ho-
lograms projected into their field of
view simply by moving their hands.
"We can project these images onto the
real organ during an operationtogeta
betteridea ofthelocation ofa tumour,'
says Weyhe, who has already tested
the method repeatedly. The software
developed for thisisalreadybeing used
successfully in liver surgery, he adds.

The project team is currently work-
ing on adding sensors and other tech-
nology to lifelike, patient-specific or-
gan models created using 3D printing
so that they can be transferred to the
virtual world. Users hold and touch
the soft models with theirhands while
looking at the organ through the VR

headset at the same time. "I would
never have believed it, but the haptic
impression greatly enhances mental
immersion in the virtual world," says
Weyhe.

The VIVATOP team plans to inte-
grate the various technologies into
a web-based training programme
which, Weyhebelieves, could behugely
beneficialin training future surgeons.
The team also plans to use realistic or-
gan models as training objects for res-
idents to practise surgical procedures
such as electrocautery or high-fre-
quency surgery later on.

Improving
understanding of
anatomical relationships

VR technologies could alsobe useful for
improving medical students' under-
standing of anatomical relationships.
This was demonstrated in two studies
carried out by the team using a virtual
"anatomy atlas" developed at the Uni-
versity of Bremen. "The atlas consists of
avirtual operatingroomand a human
body, Verena Uslar explains. Users can
dissect the model, cut out organs and
expose muscles - all in virtual reality.

The researchers selected students
from two tenth grade classes with
no prior medical knowledge as test
subjects. One group was tasked with
learning about anatomical relation-
ships in the conventional way, using a
textbook, while the other used the VR
atlas. "In the first study it was already
apparent that the VR group learned
faster, made fewer mistakes and had a
lotmore fun,' Weyhe says. In the second
study, the team tested how much the
students could recall of what they had
learned four months earlier - again
with significantly better results for the
VR group.

In view of all these innovations,
Weyhe and his team believe it is also
important to consider the impact
of human-machine interactions on
surgical team. In the case of Al-con-
trolled operating room lighting, the

researchers expect the technology to
reduce workload and stress. To test
whether this is indeed the case, they
are using a questionnaire developed
by the US space agency NASA known
as the TLX score or Task Load Index
which measures factors such as men-
tal stress, temporal stress and frustra-
tion levels.

The team is also employing neu-
rophysiological methods, for which it
is working closely with the Universi-
ty's Department of Neuropsychology
headed by Professor Stefan Debener
and Dr. Martin Bleichner. The group
is among the first one to use a mobile
EEG (electroencephalogram)device for
measuring brain waves in their daily
work. "Together we are establishing
a system that can be used to measure
the additional stress caused by VR and
AR technologies,’ says Weyhe. Studies
using the EEG device are currently in
the planning phase. Another project
will focus on noise pollution in the op-
eratingroom - "ahuge topic",as Weyhe
emphasizes. He considers it a happy
coincidence that the Oldenburg neu-
ropsychologists are already studying
exposure tonoise pollution in daily life,
which means that thanks to the port-
able EEG device they will be perfectly
equipped to examine itsimpactin the
operating room, too.

The researchers first realized that
new technologies can increase stress
in operating room personnelinastudy
investigating minimally invasive pro-
cedures in which camera images from
inside the body are transferred to a
screen and converted into 3D images
via3D glasses. They found that the pro-
cedure causes eyestrain because the3D
image appears to be behind the moni-
tor,and the eyesare forced to constant-
lyadjust todifferent distances, whichis
very tiring. "The problem can be easily
solved by placing the monitor at least
two metres away from nursing staff;’
Weyhe explains.

This insight was immediately put
intopractice in the new operating the-
atreat Pius Hospital - anotherbuilding
block in the quest to create an optimal
working environment. (uk)

25



