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About this book

Welcome
at the 28th international conference of the international Society for
Medical Innovation and Technology (iSMIT) and the 4th edition of the
Design of Medical Devices - Europe (DMD-EU) conference 2016!
In this book you will find information about the conference, the
conference programme, descriptions of important locations and all
accepted abstracts.
The abstracts are grouped per session. The pages on which you will
find the abstracts belonging to each session are indicated in the
programme schemes. An index of abstracts, sorted by authors’ last
names is provided in the back of this book.
If you prefer reading the abstracts on with larger sized fonts and
images, please find the A4 sized PDF of this book on our website:
www.smit2016.com
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Conference Info

Welcome in the Medical Delta!

Thank you for joining us in Delft for an exciting conference with international
colleagues from various clinical and technical specialisms! The 28th international
conference of the international Society for Medical Innovation and Technology
(iSMIT) takes place at the prestigious campus of the Delft University of Technology
in the historic town of Delft from 5 - 8 October, 2016.
The conference is hosted by the MedicalDelta partners:
Erasmus Medical Center Rotterdam(co-host)
Leiden University Medical Center (co-host)
and Delft University of Technology (host).
Within this thriving open innovation network of medical practitioners and clinical
engineers, the 2016 iSMIT conference is combined with the 4th edition of the
Design of Medical Devices - Europe (DMD-EU) conference.
Enjoy the innovative cities of Medical Delta: see the world’s first microscope and
many other famous inventions in Delft, get awed by the architecture of Rotterdam
and relax in the historic city center of Leiden along... or on the canals.
Thank you for joining us and have a great stay!
The Organising Committee
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Prof. dr. Jenny Dankelman chair

Delft University of Technology

Delft University of Technology is a modern university of science and
technology. Its eight faculties are at the forefront of technological
developments contributing to scientific advancement in the interests of
world society. The university’s excellent research and education standards
are backed by outstanding facilities and research institutes.
Delft University of Technology is not only the oldest, but also the largest
university of technology of the Netherlands. King Willem II founded the
“Royal Academy for education of civilian engineers” back in 1842.
The section Medical Instruments & Bio-Inspired Technology is part of
the department of Biomechanical Engineering of the Delft University of
Technology. The vision of our section is to develop medical technology that
is designed for the environment of its intended use, and thereby significantly
improving the quality and efficiency of medical interventions.
Together with our fantastic clinical partners from the Medical Delta, we
hope to organize an inspiring iSMIT/DMD-EU conference.
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Prof. dr. Frank Willem Jansen co-chair

Leiden University Medical Center

The Leiden University Medical Center (LUMC) goes a long way back. In the
18th century, professors gave bedside lectures in the very first teaching
hospital in the Caeciliagasthuis in Leiden. As the time passed by, medicine
evolved and after World War II, fundamental research became an increasingly
important task of Leiden University’s Faculty of medicine. In patient care,
high technology treatments have come in the place of admissions lasting
weeks or months.
The LUMC is a modern university center for research, education and patient
care, with a high quality profile and a strong scientific orientation. We aim to
play a nationally and internationally recognised leading role in improving
the quality of health care. The unique research practice, ranging from pure
fundamental medical research to applied clinical research, places LUMC
among the world top. We believe that iSMIT/DMD-EU conference, with its
collaboration between medical practitioners and clinical engineers, is a
perfect match with the missions of our medical center.
During this conference, we can learn from each other, with the ultimate
goal to improve healthcare.

Conference Info
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Dr. Evelyn Regar co-chair

Erasmus Medical Center

The first hospital in Rotterdam was founded in 1840. This hospital turned
into the Erasmus MC as we now know it. Then, 50 years ago, the Medical
Faculty Rotterdam was set up to train medical graduates from all over the
country to become physicians.
The Erasmus MC is committed to a healthy population and excellence
in healthcare through research and education. Our deepest conviction
is that we can improve healthcare and that we wish to keep healthy
people healthy as long as possible. With drive and determination, we are
therefore continually on the lookout for innovation, for the best diagnostic
and treatment methods, and the latest findings in the field of health and
prevention. This makes the Erasmus MC a valuable contributor to the iSMIT/
DMD-EU conference.
At this conference, we will all look for ways to innovate with our can-do
mentality.
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Life sciences, health & technology partners

Medical Delta

The Medical Delta helps universities, regional governments, scientists
and businesses to overcome cross-disciplinary barriers and silo mentality
by providing them with a platform through which they can easily launch
collaborations. Sometimes scientists or companies seek us out to help them
find suitable partners; at other times we reach out to them when we see
interesting opportunities for interaction. And often, we facilitate discussions
between organisations that may never have considered cross-sector
collaboration before – leading to potentially ground breaking innovations.
In encouraging these interdisciplinary relationships, our ultimate aim is
to facilitate the development of a new model of healthcare, one that is
focused on prevention, early diagnosis and precise, targeted treatment. We
believe that the ultimate goal should be to improve the quality of life of
the individual while creating a sustainable healthcare sector. That is why
we continually examine user needs and take their feedback onboard. In this
way, we ensure that the research we facilitate is driven not only by what is
possible, but above all by what is necessary.

Conference Info
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Welcome Reception - Delft

WED

Take a walk along the canals in Delft to admire the Golden Age facades and breathe
in the fresh air of centuries long innovation, after which we will meet each other in
‘t Postkantoor: a historical spot in the city center.
For over a century, Delft’s official post office was located at this place. This beautiful
building with sunny terrace was later turned into a café, which is named after its
original purpose: “ ‘t Postkantoor”. It is located within a stone’s throw away from
Delft’s most exciting places, such as the central market, the city hall and the old
church. We recommend you to take a stroll from the conference location to ‘t
Postkantoor, to fully appreciate the beauty of Delft.
[18-21h | Hippolytusbuurt 14, Delft]

Gala Dinner - Leiden

THU

Join us on a culinary adventure in one of Leiden’s most renowned locations, the
monumental Orangery from 1744 in the Hortus botanicus Leiden.
The Hortus is a green treasure hidden in the historical centre of Leiden. Founded
in 1590, this is the oldest botanical garden in the Netherlands and one of the
oldest in the world. Behind the academy building of the Leiden University you will
discover a green oasis with a large collection of plants native to Asia, Southern
Europe and South Africa. The Hortus also houses the Leiden Observatory, the oldest
astronomical observatory in the world, established in 1633.
[18-23h |Rapenburg 73, Leiden] Transport from the conference venue to the
Hortus Botanius and back will be arranged.

18

Conference Info

Drinks & Party - Rotterdam

FRI

Café Rotterdam is situated inside the historical Rotterdam Cruise Terminal, a
building on the landing-place of the Maas River. It offers great views on the stunning
structures of the skyline of Rotterdam. The Cruise Terminal served as arrival and
departure of the Holland America Line from 1873 to 1989. It was a Dutch cruise line
operating primarily between the Netherlands and North America. The Terminal is
still used by large passenger vessels that visit Rotterdam. The complex is located
between the old Holland America headquarters, the famous Erasmus bridge, and
the new building ‘The Rotterdam’, designed by the Dutch architect Rem Koolhaas.
[18-23h | Wilhelminakade 699, Rotterdam] Transport from the conference venue
to the Hortus Botanius and back will be arranged.

Endoscopic Painting - Delft

SAT

The Saturday morning session will offer you breakfast and interaction to freshly
start the last conference day after the Friday night party.
It is proven that the use of simulators in laparoscopy such as that of laparoscopic
trainer box exercise have significant advantage to skills development as supplement
to the standard laparoscopic preceptorship program. Endoscopic painting is a
feasible alternative laparoscopic skill exercise that can supplement the current
standard laparoscopic box exercise. Try it and enjoy painting.
[09-10h | Foyer, Aula, Delft]

Conference Info
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Abstracts per Session

Session 01

01.01

Origami Design

Origami assembly platform for smart medical instruments. R. Stoute, M.C.
Louwerse, V.A. Henneken, R. Dekker.
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Abstract 01.01

Origami Assembly Platform for Smart Medical Instruments
Ronald Stoute1, Marcus C. Louwerse2, Vincent A. Henneken2, Ronald Dekker1,2
1)

Department of Microelectronics, Delft University of Technology, Delft, The Netherlands, ronald.stoute@gmail.com.
2)

Group of Micro Systems and Devices, Philips Research, Eindhoven, The Netherlands.

1. Introduction

2. Methods

The success of minimally invasive surgery can be
further increased by improving conventional
instruments with additional functionalities such
as imaging or flow sensing. These devices are
often very small and, therefore, one of the main
challenges in adding these functionalities is to
make optimal use of the 3D shape available.
A common approach would be to interconnect the
components on a flexible PCB. But, this technology
can’t meet the extreme levels of miniaturization
often required for smart medical devices. As an
alternative, we previously presented the Flex-toRigid (F2R) platform[1]. As F2R is based on planar
fabrication processes, it is very suitable for the
miniaturization of assembly platforms. Origamilike structures can be made by fabricating rigid
silicon islands interconnected through flexible
polymer bridges, which include routing. An F2R
assembly was demonstrated to fit a thermal flow
sensor in ႇ͵Ͳρ
But, during fabrication, when performing the
through-wafer backside etch we observed that the
shape can have an imperfect projection to the
front side. The reasons are various: oblique profile
angles which can vary over the wafer, roughing of
etch wall, and design dependent etch artifacts. To
improve the dimensional stability we propose to
use front side defined trenches filled with
benzocyclobutene (BCB) which acts as a lateral
etch stop layer during deep-etching.

  ͶͲͲ ρ -  ǡ ͳ ρ
 Ͷρ  2 was deposited on
respectively the front and back side. 2 on
the back a two-step mask was etched. Trenches of
͵ρͶͲρ deep were etched to define
the rigid island edges on the front. To fill these
 ǡ  ʹǤ ρ  was spin coated.  
BCB was etched back and a ͷρ
was spin coated. The wafer was thinned down in
two steps. First, an advance was deep etched using
the first step in the two-step mask. Then, the next
2 mask was opened and the second
deep etch was performed. The  2
under the polyimide was etched in the final step.

Figure 1: SEM image of a guidewire-sized
demonstrator still in the wafer. The design holds
several different folding concepts. When cut along
the red lines the concept used in Figure 2 remains.
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3. Results
The first demonstrator devices were successfully
fabricated and assembled. (Figure 1 & 2).

4. Discussion & Conclusion
  ʹ assemblies can be
made with this improved  Ǥ
were fabricated containing high density electrical
interconnects within the flexible connections.

References
[1]

ǤǡǤ ǡǤ ǡǤǡ
“Flex-to-Rigid (F2R): A Generic Platform for the
       
Minimally Invasive Instruments,” IEEE Sens. J., vol. 13, no.
ͳͲǡǤ͵ͺ͵–͵ͺͺʹǡ ǤʹͲͳ͵Ǥ

Figure 2: Stacked micrograph of a demonstrator
released from the wafer by lasercutting and
mounted at the time of an optical fiber.
Subsequently, the rectangular island was glued
parallel on the fiber.

Session - Origami Design

Session 02

02.01

Stable airway center tracking for bronchoscopic navigation. A. Esteban‐
Lansaque, C. Sanchez, A. Borras, M. Diez‐Ferrer, A. Rosell, D. Gil.

02.02

Image-guided catheter navigation with electromagnetic tracking. A. Jaeger,
P. Nardelli, C. O’ Shea, J. Tugwell, K. A. Khan, T. Power, M. O’ Shea, M. Kennedy and
P. Cantillon-Murphy.

02.03

AHRS based tracking system for laparoscopic surgery. N. Kohn, Y. Zhu, A. Schneider, H. Feußner.

02.04

A computer vision based alternative for tracking laparoscopic instruments
in virtual reality training environments. I. Oropesa, P. Sánchez‐González, J.A. Sánchez-Margallo, G. Tsolkas, J.B.Pagador, N. Skarmeas, F.M. Sánchez‐Margallo, E.J. Gómez

02.05

MRI-safe and remote-controlled micro-positionable instrument guidance
device for image guided interventions. R. Odenbach, A. Boese, M.H. Friebe.

02.06
02.07

The Box, smartphone compatible wearables to use in the follow-up of acute
myocardial infarction patients. R.W. Treskes, L.A.M. van Winden, N. van Keulen,
E.T. van der Velde, M.J. Schalij.
Research and development of surgical instruments based on bio-mechanical technology. I. Yamamoto, R. Ota, R. Zhu, M. Kondo, M. Lawn, T. Nagayasu, N.
Yamasaki, K. Matsumoto.

02.08

Tracking & Smart Tools

Electropermanent magnet control using dynamic switching. M. O’Sullivan, L.
Fennelly, P. Cantillon-Murphy.
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Abstract 02.01
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/ŵĂŐĞͲŐƵŝĚĞĚĐĂƚŚĞƚĞƌŶĂǀŝŐĂƚŝŽŶǁŝƚŚĞůĞĐƚƌŽŵĂŐŶĞƚŝĐƚƌĂĐŬŝŶŐ
A. Jaeger1, P. Nardelli1, C. O’ Shea1, J. Tugwell1, K. A. Khan2, T. Power1, M. O’ Shea1, M. Kennedy2 and
P. Cantillon-Murphy1
ϭͿ^ĐŚŽŽůŽĨŶŐŝŶĞĞƌŝŶŐ͕hŶŝǀĞƌƐŝƚǇŽůůĞŐĞŽƌŬ͕/ƌĞůĂŶĚ͕Ś͘ũĂĞŐĞƌΛƵŵĂŝů͘ƵĐĐ͘ŝĞ͘ϮͿŽƌŬhŶŝǀĞƌƐŝƚǇ,ŽƐƉŝƚĂů͕ŽƌŬ͕/ƌĞůĂŶĚ͘

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ

ϯ͘ ZĞƐƵůƚƐ

Robotic assistance is becoming a common
modality in image guided surgery. Commercially
available systems include the Da Vinci (Intuitive
Surgical) and Sensei Xi (Hansen Medical) for the
control of laparoscopic instruments and catheters
for performing specific surgical tasks. No such
system exists for lung procedures. In this work we
present the first semi-automated navigation
system for lung cancer diagnosis. The device
consists of a tracked, steerable, joystick-controlled
catheter.
The
distal
tip
contains
an
electromagnetic sensor for real-time imageguidance. The device has been evaluated in
benchtop tests and live animal studies.

The system was evaluated using a benchtop
breathing lung model and live animal studies. The
benchtop test involved navigation to agarosebased phantom tumours markers in the lung
periphery [3]. Seven similar targets were placed in
the animal study (Figure 2). Navigation to each of
the targets was successful in with an average time
to target of 9.7 seconds in the live animal model.

Ϯ͘ DĞƚŚŽĚƐ
The navigation system consists of a tracked,
steerable bronchial catheter, electromagnetic
tracking system and image guidance software. The
catheter is compatible with standard 2.8mm
endoscopes and features an open instrument
lumen (Figure 1). This channel acts to extend the
working channel of the endoscope, enabling
instrument use beyond the endoscope tip. The tip
contains four pull-wire tendons allowing the tip to
deflect omnidirectionally up to 90 degrees. The
distal also tip contains a 5-DOF electromagnetic
sensor to enable position tracking.

&ŝŐƵƌĞ ϭ͗ Open-lumen catheter with steerable tip and
tracking sensor showing (a) distal tip with embedded
sensor (b) articulating section (c) proximal shaft.

A custom electromagnetic navigation system
developed in University College Cork was used to
evaluate the tracking capabilites of the catheter.
The system uses planar coils to establish a
working volume around the patient’s chest in
which an electromagnetic sensor can be tracked to
submillimeter precision [1]. The position of the
catheter tip is tracked in real-time within the
patient’s airway. Image guidance of the catheter is
established using 3DSlicer and the patient’s
segmented CT scan [2].


&ŝŐƵƌĞϮ͗Seven agarose markers within the pig lung.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
We have demonstrated the first semi-automated
image-guided lung navigation platform. The
system has been validated in benchtop and live
animal procedures. Next steps involve reducing
the response time of the catheter tip to input and
implementing haptic feedback user control.

ZĞĨĞƌĞŶĐĞƐ
[1]

K. O’Donoghue ., "Catheter Position Tracking System
Using Planar Magnetics and Closed Loop Current
Control,"      , vol. 50, no. 7,
pp. 1-9, July 2014.

[2]

P. Nardelli,  , “Optimizing parameters of an opensource airway segmentation algorithm using different CT
images”  , vol. 14, no. 1, p.
62, 2015.

[3]

O'Shea C   “Evaluation of Endoscopically Deployed
Radiopaque
Tumor
Models
in
Bronchoscopy”
 Ƭ , 23
(2):112-122, 2016.
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AHRS based tracking system for laparoscopic surgery
Nils Kohn1, Yun Zhu1, Armin Schneider1, Hubertus Feußner1
ϭͿZĞƐĞĂƌĐŚ'ƌŽƵƉD/d/͕<ůŝŶŝŬƵŵƌĞĐŚƚƐĚĞƌ/ƐĂƌ͕dĞĐŚŶŝĐĂůhŶŝǀĞƌƐŝƚǇDƵŶŝĐŚ͕DƵŶŝĐŚ͕'ĞƌŵĂŶǇ͕ŶŝůƐ͘ŬŽŚŶΛƚƵŵ͘ĚĞ

(ELITE) combined with EMT (Aurora, NDI Europe)
as reference was used for evaluation.

1. Introduction
One challenge in minimally invasive surgery is the
localization of surgical instruments, e.g. for training
tasks or referencing. By using optical tracking
systems, markers must always remain in line of
sight to the camera, which is difficult to achieve in
surgical routine. Electromagnetic tracking (EMT) is
by design very sensitive to noise caused by external
electromagnetic fields. Considering these existent
drawbacks, we propose a novel tracking system
based on a Attitude Heading Reference System
(AHRS) and an infrared (IR) sensor.

3. Results
The tracking results in comparison with the 3DController based reference system are shown in
Figure 2 for all three axis separately.

2. Methods
The orientation of the surgical instrument is
directly captured by the AHRS, which contains
accelerometers, gyroscopes and magnetometers.
To determine the position coordinates, the
additional IR sensor is used to measure the
distance between the sensor and the trocar. This
configuration assumes that the pivot point at the
trocar on the patient remains unchanged during
surgery.


Figure 1: Prototype of the navigation system with AHRS
sensor, IR sensor and battery-powered microcontroller for
data acquisition and wireless transmission mounted on a
standard 10mm laparoscope.

By the orientation (Pitch and Yaw) and the
measured distance the position of the surgical
instrument in relation to the pivot point (origin of
the coordinate system) is calculated. This setup
avoids in contrast to purely acceleration based
systems position errors caused by integration of
the sensor drift [1]. To enable wireless
communication, the data is transmitted through
UDP over WIFI. In addition, a case with included
battery is designed to mount all components on the
laparoscope. First, a 3D-Controller (Falcon, Novint
Technologies, USA) without electromagnetic
interference was used to evaluate the new tracking
system in a static state and dynamic state. As a
second scenario a laparoscopic training phantom
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Figure 2: Comparison of the AHRS based tracking system
with the falcon reference in x-, y-, z-coordinates.

The evaluation with the Falcon in the static state
resulted in a mean of accuracy of 0.45cm and a
mean precision of 0.032cm. A root mean square
error (RMSE) of 0.54cm (SD=0.042) for 3D
movements was measured and the 95% quantile
was 0.93cm. In comparison with the EMT based
reference system the RMSE was 0.89cm
(SD=0.070) and the 95% quantile was 1.51cm. An
influence on the ARHS due to the magnetic field of
the EMT system could be excluded.

4. Discussion & Conclusion
The developed system allows a tracking in a sub cm
range with a tolerable error and should therefore
be sufficient for laparoscopic tracking tasks, e.g. in
training environments. The measurement results
in case of the EMT reference system are inferior to
the results with the Falcon due to the movements
of the trocar in the training phantom. One
limitation of the system is the non-linearity of the
IR sensor which limits the system performance.

References
[1]

H. Ren, D. Rank, M. Merdes, J. Stallkamp, P. Kazanzides,
"Multisensor data fusion in an integrated tracking system
for endoscopic surgery", Information Technology in
Biomedicine, IEEE Transactions on 16.1, p. 106-111, 2012.
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DZ/ͲƐĂĨĞĂŶĚƌĞŵŽƚĞͲĐŽŶƚƌŽůůĞĚŵŝĐƌŽͲƉŽƐŝƚŝŽŶĂďůĞŝŶƐƚƌƵŵĞŶƚ
ŐƵŝĚĂŶĐĞĚĞǀŝĐĞĨŽƌŝŵĂŐĞŐƵŝĚĞĚŝŶƚĞƌǀĞŶƚŝŽŶƐ
Robert Odenbach1,2, Axel Boese1, Michael H. Friebe1
ϭͿĞƉĂƌƚŵĞŶƚŽĨDĞĚŝĐĂůŶŐŝŶĞĞƌŝŶŐ͕ŚĂŝƌĂƚŚĞƚĞƌdĞĐŚŶŽůŽŐŝĞƐĂŶĚ/ŵĂŐĞ'ƵŝĚĞĚdŚĞƌĂƉŝĞƐ

KƚƚŽͲǀŽŶͲ'ƵĞƌŝĐŬĞhŶŝǀĞƌƐŝƚǇDĂŐĚĞďƵƌŐ͕'ĞƌŵĂŶǇ͘ϮͿƌŽďĞƌƚ͘ŽĚĞŶďĂĐŚΛŽǀŐƵ͘ĚĞ͘

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
MRI-guided interventions, e.g. biopsies or needle
placements, can be performed freehand by the
surgeon or with assistance of specific frames and
holders inside the scanner. For patient access the
surgeon has to bend forward into the scannergantry to adjust the desired needle-trajectory.
Hence he must remain for a certain time period in
that uncomfortable position. The distance to reach
the center of the magnet bore is between 60cm
and 80cm depending on the system used.
MRI-safe guidance tools that avoid these
disadvantages still are not really established, even
though there are several groups working on
respective devices. We propose a relatively simple
MRI-safe
and
remote-controlled
micropositionable instrument guidance device (MIGD,
based on iSYS Medizintechnik, Austria).

Ϯ͘ DĞƚŚŽĚƐ
A newly developed flexible guide [1] was mounted
on the MIGD for holding and guiding a biopsy
needle.
The flexibility of this needle guide can provide a
compensation of unforeseeable twitches and
agitations of the patient during intervention.
Additionally, specifically designed, liquid markers
were integrated into the flexible guide for
enhancement of visibility in MR-imaging.
We evaluated the MIGD combined with the flexible
guide in a biopsy setup in our MRI-system (3T,
Skyra, Siemens, Germany). A gel phantom with
several target structures simulating the patient
was placed on the MRI table. The fully MRI-safe
MIGD was fixed on head site the table without
direct fixation to the phantom, see Figure 1.
A biopsy needle was inserted into the flexible
needle guide. To plan the trajectory of the needle,
a MR-dataset was acquired with the scanner.
With the help of the MR-visible markers the
needle path can easily be adapted in MR-slices.
The orientation of the biopsy needle was aligned
manually with a steering console that is connected
with rotatable shafts to the MIGD during fast
updating of the MR-images. The console is
handled from the back of the MRI-gantry opening
providing a comfortable position for the surgeon.
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A in room monitor allows the observation of the
alignment procedure by the physician.
After reaching the right trajectory and confirming
the surgical path, the needle was pushed into the
phantom under continuous image guidance until
the target structure was achieved.


&ŝŐƵƌĞ ϭ͗ The setup of the micro-positionable instrument
guidance device (1) with the flexible guide (2) mounted
inside the MRI-gantry and facing the gel phantom (3).

ϯ͘ ZĞƐƵůƚƐ
The MIGD did not cause any visible artefacts on
the MR-images. The integrated markers allowed
easy image alignment. The micro-positioning
function of the guidance device was proven and
the correct trajectory could be achieved in a
precise match with the planned needle path.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
It was demonstrated that the MIGD can facilitate
minimal invasive interventions under MR
guidance. It provides a significant increase
regarding the comfort for the surgeon and the
precision of guidance. For future works, a quickpositioning and lock-out-function will be
integrated in the design. Furthermore the MIGD
will be tested in the clinical workflow.

ZĞĨĞƌĞŶĐĞƐ
[1]

R. Odenbach, J.W. Krug, A. Boese, M.H. Friebe, "MRIcompatible setup for endoscopic brain surgeries using a
flexible, micro-positionable needle holder" Abstract book
of the 27th SMIT Conference 2015. - Brno, P. 61

Funding: This work was funded by German BMBF, 03IPT7100X
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dŚĞŽǆ͕ƐŵĂƌƚƉŚŽŶĞĐŽŵƉĂƚŝďůĞǁĞĂƌĂďůĞƐƚŽƵƐĞŝŶƚŚĞĨŽůůŽǁͲƵƉ
ŽĨĂĐƵƚĞŵǇŽĐĂƌĚŝĂůŝŶĨĂƌĐƚŝŽŶƉĂƚŝĞŶƚƐ
Roderick W. Treskes1, Loes A.M. van Winden1, Nicole van Keulen1, Enno T. van der Velde1, Martin J.
Schalij1
ϭͿĞƉĂƌƚŵĞŶƚŽĨĂƌĚŝŽůŽŐǇ͕>ĞŝĚĞŶhŶŝǀĞƌƐŝƚǇDĞĚŝĐĂůĞŶƚĞƌ͕>ĞŝĚĞŶ͕dŚĞEĞƚŚĞƌůĂŶĚƐ͕ƌ͘ǁ͘ƚƌĞƐŬĞƐΛůƵŵĐ͘Ŷů͘

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Current guidelines on ST elevation myocardial
infarction by the European Society of Cardiology
mention the importance of blood pressure (BP)
and weight control, enough physical activity and
regular check-ups by a cardiologist after acute
myocardial infarction (AMI).[1] In current
practice, consequent BP and weight controls, as
well as electrocardiograms (ECGs) are done in the
hospital. This involves trained healthcare staff and
poses a burden to the patient.[2]
New smartphone compatible wearables allow
their user to check BP, ECG and weight in the
home situation and to automatically send data to
the cardiologist.[3, 4] Consequently, smartphone
compatible wearables allow for more frequent
monitoring of health parameters and might
improve clinical effectiveness, cost-effectiveness
and patient satisfaction of follow-up in AMI
patients. In this pilot, the feasibility of an
intervention with smartphone compatible
wearables in the follow-up of AMI patients was
tested.

LAD, in 40% the RCA and in 15% the RCx. None of
the patients had a history of previous AMI,
transient ischaemic attack or ischaemic stroke.
Several risk factors were observed: 15% had
diabetes mellitus, 15% had hypertension, 30%
had hyperlipidaemia and 35% was a current
smoker. Median follow-up duration was 145 (IQR
65 – 202) days . The shortest follow-up duration
was 3 days and the longest was 248 days. Of all
patients, 50% were contacted because of
irregularities in their home monitoring data. In
80% of these contacted patients, the therapeutic
regimen was changed. Patient satisfaction was
high; 93% reported to be satisfied with The Box. 5
patients were not interviewed because of their
short follow-up time.

Ϯ͘ DĞƚŚŽĚƐ
Patients with an AMI were eligible for
participation. Patients were excluded if they were
considered an incapacitated adult, if they were
unwilling to sign the consent form or if they did
not possess a smartphone with iOS or Android OS.
After inclusion, patients received a box (“The
Box”) containing a smartphone compatible ECG
device (Kardia, AliveCor Inc., San Francisco, CA),
BP monitor, activity tracker and weight scale
(Withings, Issy les Moulineaux, France). Patients
were requested to measure their ECG, BP and
weight daily, preferably with 24 hours in between
each measurement. Data were automatically
transferred to the hospital. All data were daily
checked by a project dedicated PhD-Student.
Patients were contacted in case abnormalities in
the data were discovered.


&ŝŐƵƌĞϭ͗a picture of The Box.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The results of this pilot indicates that smart
technology is feasible in the follow-up of AMI
patients. A randomized controlled trial has started
to establish clinical and cost-effectiveness of The
Box. 

ZĞĨĞƌĞŶĐĞƐ
[1]

[2]

ϯ͘ ZĞƐƵůƚƐ
So far, 20 patients have been included. Mean age
was 61±10 years. The youngest patient was 45
and the oldest was 79 years old. Of all patients,
85% was male. At baseline, 75% had had a STEMI.
The culprit artery was in 45% of the cases the

[3]
[4]

P. G. Steg, S. K. James, D. Atar, L. P. Badano, C.
Blomstrom-Lundqvist, M. A. Borger, et al., "ESC
Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment
elevation," Eur. Heart J, vol. 33, pp. 2569-2619,
10/2012 2012.
S. S. Liem, B. L. van der Hoeven, P. V. Oemrawsingh, J.
J. Bax, J. G. van der Bom, J. Bosch, et al., "MISSION!:
optimization of acute and chronic care for patients
with acute myocardial infarction," Am. Heart J, vol.
153, pp. 14-11, 1/2007 2007.
"Withings," vol. Available via: www.withings.com,
ed, 2016.
"AliveCor," vol. Available at: www.alivecor.com, ed.
Checked on: 12-01-2016.
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Research and Development of Surgical Instruments Based on Biomechanical Technology
Ikuo Yamamoto, Ren Ota, Rui Zhu, Munehiro Kondo, Murray Lawn,
Takeshi Nagayasu, Naoya Yamasaki, Keitaro Matsumoto
Nagasaki University, Graduate School, Nagasaki, Japan.

1. Introduction
There is an increasing need for surgical
instruments that can hold organs softly and stably.
The authors have developed surgical instruments
based on bio-mechanical technology. Specifically,
the actuating mechanism of a fish’s tail and a
shark’s skin characteristics are potentially
effective for surgical instruments. Also, a more
seamless method of development of such new
instruments has been used at Nagasaki university
hospital.

4. Discussion & Conclusion

2. Methods
The surgical instruments created based on these
bio-mechanisms are forceps/extractors. Both
instruments are applications of the fish
biomimicry mechanisms. One of the developed
forceps/extractors jaws provides a complex
gripping mechanism to more equally distribute
pressure along jaw’s surface in order to excerpt
even pressure on the organ being handled. The
developed forceps/extractor’s tips have been
machined to mimic a shark’s skin, this biomimicry
makes it easier to use, allowing a surgeon to
operate smoothly despite the instrument been
covered with body fluids including blood.
Furthermore the authors designed and prototyped
the surgical instruments using kinetic design with
3D-CAD and rapid conceptual prototyping using a
3D-printer.

New forceps/extractors have been developed
based on fish bio-mechanisms. The effectiveness
of one of the developed surgical instruments was
confirmed thorough surgical tests by surgeons.
Also, the basic method of seamless design through
to concept prototyping was utilized, which can
reduce time to produce new surgical instruments.
A part of this study was supported by the Medical
Engineering Hybrid Professional Development
program at Nagasaki University. Furthermore, the
authors plan to conduct new medical research in
cooperation with Delft University of Technology
and the Medical Delta, in the Netherlands.

References
[1]

[2]

3. Results
Surgical operational testing was carried out on
one of the new instruments which was prototyped
by a commercial company. Based on feedback
from 30 surgeons at Nagasaki hospital, it is
expected that the new forceps/extractors can
reduce surgical operating time compared to
regular
forceps/extractors.
The
other
forceps/extractor is shown in Fig. 1. (scaled up
version), an actual size conceptual edition
provided reduced pressure readings of up to 60
percent compared to a conventionally shaped jaw
design. The basic steps used to design and
conceptually prototype the instruments was
effective in significantly reducing the time
required by an estimated 95 percent.
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Figure 1: Forceps'/expractors Jaw design and conceptual
prototyping using CAD and a 3D printer
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Electropermanent Magnet Control Using Dynamic Switching
Mark O’Sullivan1, Laura Fennelly1, and Pádraig Cantillon-Murphy1
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1. Introduction
Increased interest into the use of magnetic
technologies in medicine has led to the
development of magnetic anchoring systems for
surgical equipment. Such systems typically employ
permanent magnets.
The use of an
electropermanent magnet (EPM) brings together
the high field strength of a permanent magnet with
the controllability of an electromagnet, however,
traditionally EPMs have been limited to binary
switching. A preclinical investigation by Tugwell et
al. on a porcine model, showed single state
transabdominal coupling led to hypoxia and severe
contusion [1]. In this work, a semi-automated
multistable EPM is presented. The device consists
of a high voltage, high current (HVHC) control
circuit, a charge bank and the EPM itself.

up table. The system used this look-up table to
respond to set-point changes by delivering an
appropriate direction and magnitude current
pulse.

 ʹǣ Calibration data used to create lookup table
used for feedforward control showing magnetisation
curves (right) and demagnetisation curves (left).

3. Results
2. Methods

A.

B.

Figure 1: (A) Electropermanent Magnet in comparison to a
5 cent coin. (B) Operation of system showing cross section
of EPM and internal coupling magnet. EPM is composed of
NdFeB (red) and AlNiCo 5 (blue) with external solenoid.

The EPM is constructed from separate volumes of
hard (NdFeB N40) and semi-hard (AlNiCo 5)
magnetic materials. Various strengths can be
achieved by controlling the percentage
magnetisation of the semi-hard material using an
impulse magnetising circuit. This circuit employs a
740 turn solenoid as the magnetising element. By
controlling the charge time allowed for the
capacitor, the magnitude of the magnetising pulse
was varied. The direction of magnetisation was
controlled by designing the magnetising solenoid
as the central load in a H-bridge configuration.
The final control was achieved using open-loop
feedforward control. A mathematical model of the
magnetising and demagnetising curves was
developed using experimental data as seen in
Figure 2. These curves were used to create a look-

The system uses a 172V charge and 26.8A current
to fully saturate the device and 110V and 19.6A to
fully demagnetise the device.
The system
performance was characterised by comparison
with simulated and mathematical data. Accuracy
was assessed by comparing readings from an
embedded hall-effect sensor with an external
GM08 Gaussmeter and mathematical data. The
final feedforward control system was accurate
within 7% for magnetisation and 13% for
demagnetisation. Sources or error include the
embedded hall-effect sensor and small errors in
charge time delay.
Experiments were also
undertaken to characterise compression force
using load cells. A coupling magnet at a distance of
50mm from the EPM experienced a compression
force between 0.5N and 3N.

4. Discussion & Conclusion
A multistate controllable EPM is presented with the
aim of producing a novel magnetic anchor for
surgery and endoscopy. Future developments
include the incorporation of feedback or smarter
feedforward control for improved accuracy and
robustness.
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Abstract 03.01

Animal Study for Tumor Localization in Stomach Using Near-Infrared
Fluorescence
Hong Man Yoon1, Seok Ki Kim2, So Youn Jung2, See Youn Lee2, Dae Kyung Sohn3, Bang Wool Eom1, Keun
Won Ryu1, Young-Woo Kim1
First I. Lastname1, Please use “authors” style and no end punctuation2, Another Author3
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[2]

1. Introduction
During the laparoscopic surgery in early gastric
cancer, several methods were introduced, but they
had some disadvantages. Recently near-infrared
fluorescence (NIR) is used in operation for finding
the lymph node and checking the blood supply. Aim
of this study was to evaluate the feasibility of tumor
localization using the near infrared fluorescence in
animal experiment

DJ Park, HJ Lee, SG Kim, HC Jung, IS Song, KU Lee, KJ Choe,
HK Yang, “Intraoperative gastroscopy for gastric surgery:,
Surgical Endoscopy, vol 19, p. 1358, 2005

[3] HI Kim, WJ Hyung, CR Lee, JS Lim, JY An, JH Cheong, SH Choi,
SH Noh, “Intraoperative portable abdominal radiograph
for tumor localization: a simple and accurate method for
laparoscopic gastrectomy”, Surgical Endoscopy, vol 25, p.
958, 2011

2. Methods
The mixture of Indocyanine green (ICG),
Macroaggregated albumin, and hyaluronic acid
were prepared. We performed clipping on
anesthetized pig using esophagogastroscopy, and
injected the ICG mixture on clipping site. The
injection sites were checked using near-infrared
fluorescence laparoscopic system with a dual light
source using a high-powered light-emitting diode
(LED) and a 740-nm laser diode. The serosa sites
were marked using monopolar instrument. After
euthanasia of pig, serosa marking sites were
compared with clipping sites.

3. Results
In 4 animal experiments, success rate of
endoscopic injection was 75,6%, success rate of
tumor localization using NIR system was 93.8%.
The average error rate between two points
(injection site and serosa marking site) was 9.7mm.

4. Discussion & Conclusion
This study showed that NIR system could be used
in tumor localization in stomach in animal study. 
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Abstract 03.02
An improvement of BJ Needle® ( 2mm forceps ) with integration of shaft
rotation and its initial clinical experiences
Takashi Tanida, Eiji Kanehira, Masafumi Nakagi, Aya Kamei
Department of Surgery, Medical Topia Soka


ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ

ϯ͘ ZĞƐƵůƚƐ

We developed a very thin caliber (2.1mm)
grasping forceps with high rigidity (BJ
needle®), in cooperation with NITI-ON Co.
Ltd. Japan, in 2009. We used the BJ
needle® for a variety of reduced port
surgery (RPS), including cholecystectomy,
local gastrectomy, percutaneous endoscopic
intragastric
surgery
(PEIGS),
colon
resection, appendectomy and inguinal hernia
repair. We have already reported the
effectiveness of the BJ needle®. BJ needle®
demonstrated a high quality performance in
grasping, retracting, and elevation of the
organ, and also played an important role as
a receiver of manual suturing. The cosmetic
result seemed excellent. Recently we have
modified BJ needle® by adding a rotation
function. We have developed a new 2.1mm
grasping forceps (BJ needleR®) adding to
finger rotation feature (Fig.1). Herein we
introduce this unique forceps ³BJ needleR´
and demonstrate the initial clinical results.

In cholecystectomy group the operation time
ranged 25 to 120 minutes with an average of
47 minutes. In 50 cholecystectomy patients
before usage of BJ needleR®, the average
operation time was 55 minutes. The average
of blood loss was 7 ml. No significant
intraoperative problem related to BJ needle
R® was noted, such as breaking of BJ
needleR®. We did not experience
conversion to the conventional laparoscopic
surgery. The postoperative hospital stay
ranged 2 days to 3 days with an average of
2.9 (Fig.2).

Ǥʹ
ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The most remarkable advantage of BJ
needleR® is rotation function, which
improved
ergonomics
because
of
unnecessary pronation and supination of
wrist in grasping organs and suturing. For
example, we could catch more easily needle
in suturing. We found the use of the BJ
needleR® to reduce a stress of surgeon and
possibly lessen the operation time.

Ǥͳ
Ϯ͘ DĞƚŚŽĚƐ
Between July and December 2015, we used
BJ needleR® in 60 patients who underwent
two different kinds of RPS, namely,
cholecystectomy (50) and PEIGS (10).
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Abstract 03.03

Aortic Valve Simulation based on Blood Flow Velocity
Nobuhiko MUKAI1, Tomofumi TAKAHASHI2, Ryosuke ISHIZUKA3 , and Youngha CHANG4
1) Graduate School of Engineering, Tokyo City University, Tokyo, JAPAN, mukai@cs.tcu.ac.jp. 2) Computer Science, Tokyo City
University, Tokyo, JAPAN. 3,4) Graduate School of Engineering, Tokyo City University, Tokyo, JAPAN.

1. Introduction

3. Results

Aortic Valve Simulation is necessary for some
diseases such as AVR (Aortic Valvular
Replacement) and AVP (Aortic Valvuloplasty).
Then, some studies have been performed with FEM
(Finite Element Method) [1], where FSI (FluidStructure Interaction) is analyzed by solving two
different equations of Navier-Stokes and NeoHookean so that the interaction calculation
between blood and elastic body is difficult. Then,
we have been developed the simulation with a
particle method [2], where two similar equations of
Navier-Stokes and Cauchy-Navier are used so that
the interaction calculation is very easy. However,
the previous simulation used a sinusoidal wave
function as the blood flow velocity. Therefore, this
paper reports the simulation result performed
with an approximated actual blood flow velocity.

The simulation was performed with a normal PC
with i5-3470 CPU and GeForce GTX460 GPU. The
particle numbers of the aortic wall, valve and blood
were about 12k, 900 and 40k, respectively. The
model has some solid particles placed at the top
and the bottom to prevent the blood vessel from
bending and to provide blood particles as they are
running out. The simulation took about 1.0 [s] for 1
[step], and the time corresponds to 0.1 [ms] in the
real time. Fig.2 shows the simulation result. By
setting the initial pressure 6 [kPa], which is the
average of the aorta and the left ventricle ones, and
using the velocity shown in Fig. 1(b), the maximum
pressure in the aorta and the left ventricle have
become 10 [kPa] and 11 [kPa], while the actual
pressure are [10, 14] and [1, 15], respectively.
15kPa


2. Methods
Those two equations are the governing equations
of the simulation.
Navier-Stokes equation for blood.
࢜ܦ
ɏ
ൌ െ  ߟଶ ࢜  ߩ࢈
ݐܦ
Cauchy-Navier equation for elastic body.
ܦଶ ࢜
ɏ ଶ ൌ ሺߣ  ߤሻሺ ή ࢛ሻ  ߤଶ ࢛  ࡲ
ݐܦ
Here, ɏ is density, ࢜ is velocity,  ݐis time,  is
pressure, ߟ is viscosity, ࢈ is body acceleration, Ȣ
and Ɋ are lame constants, ࢛ is displacement, and ࡲ
is external acceleration. Fig.1 shows the pressure [3]
and blood flow velocity. The velocity is a linearly
approximated value of the original data [4]. The
simulation starts from the time when the aortic
valve opens.
Isovolumetric
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4. Discussion & Conclusion
We have obtained the similar pressure to the real
one by the simulation with an approximated actual
blood flow velocity and the averaged initial
pressure. In the future, we plan to perform more
precise simulation.
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Figure 1: Pressure and blood flow velocity in the aorta.
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Figure 2: Visualization of the pressure in the simulation.
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Abstract 03.05

Analysis of the final contraction in a peristaltic ureteral wave
using Fluid-Structure Interaction
:͘͘'ſŵĞǌͲůĂŶĐŽϭ͕͘ƌƵǌϮ͕:͘DĂƌƚşŶĞǌͲZĞŝŶĂϮ͕>͘ŽƚĞϭ͕:͘͘WĂŐĂĚŽƌϭ͕&͘D͘^ĄŶĐŚĞǌͲDĂƌŐĂůůŽϭ
ϭͿŝŽĞŶŐŝŶĞĞƌŝŶŐĂŶĚ,ĞĂůƚŚdĞĐŚŶŽůŽŐŝĞƐhŶŝƚ͕:ĞƐƷƐhƐſŶDŝŶŝŵĂůůǇ/ŶǀĂƐŝǀĞ^ƵƌŐĞƌǇĞŶƚƌĞ͕ĄĐĞƌĞƐ͕^ƉĂŝŶ͕
ũĐŐŽŵĞǌΛĐĐŵŝũĞƐƵƐŽŶ͘ĐŽŵ͘ϮͿĞƉĂƌƚŵĞŶƚŽĨDĞĐŚĂŶŝĐĂůŶŐŝŶĞĞƌŝŶŐ͘hŶŝǀĞƌƐŝĚĂĚĚĞ^ĞǀŝůůĂ͕^ĞǀŝůůĂ͕^ƉĂŝŶ͘
ϯͿ:ĞƐƷƐhƐſŶDŝŶŝŵĂůůǇ/ŶǀĂƐŝǀĞ^ƵƌŐĞƌǇĞŶƚƌĞ͕ĄĐĞƌĞƐ͕^ƉĂŝŶ͘



1. Introduction
Transportation of urine from kidney to bladder in
a healthy ureter is done by a specific expansion
and contraction movement of the ureter, called
peristalsis. There are many studies about the
computational simulation of the urine flow [1] and
the ureteral peristaltic movement [2], but none of
them have studied the contraction that is
produced just after the urine bolus. The objective
of this work is to study the influence of the final
contraction in the peristalsis using Fluid-Structure
Interaction (FSI) simulations.

   varies about 0.658% with a
maximum value of 4.459 cm/s and the 
varies about 4.79% with a maximum values of
0.0415 ml/s.


Figure 1: ZĂĚŝĂů ƐƚƌĞƐƐĞƐ ŽĨ ƚŚĞ ƵƌĞƚĞƌ ŝŶ ƚŚĞ ƐŝŵƵůĂƚŝŽŶ
ǁŝƚŚĨŝŶĂůĐŽŶƚƌĂĐƚŝŽŶƉĞƌŝƐƚĂůƐŝƐŵŽǀĞŵĞŶƚ͘


2. Methods
Data about the mechanical behaviour of the ureter
is needed to obtain valid and robust results in
simulations. Some of the results obtained by
Rassoli [3] are being used as the mechanical
characterization data in these simulations. Those
data must be fitted to be used in simulations, in
this study we used Ogden’s mathematical model to
obtain the fitted curve of the mechanical
characterization of the ureter.
Once the mechanical behaviour of the ureter is
defined, loads with relevant influence in the ureter
were determined (boundary conditions). Some
experiments with two healthy female pigs were
performed to obtain these boundary conditions.
After that, the geometry of the model is defined
for the ureter (28cm cylindrical tube and 1 mm
thick). Both fluid domain (16800 hexahedral
elements, urine) and solid domain (10080
hexahedral elements, ureter) were meshed.
All previous calculated data were used to perform
two simulations. First, a peristalsis simulation
without final contraction was executed. Finally, a
second simulation including a final contraction
was compared with the first one.


Figure 2: ŝƌĐƵŵĨĞƌĞŶƚŝĂů ƐƚƌĞƐƐĞƐ ŽĨ ƚŚĞ ƵƌĞƚĞƌ ŝŶ ƚŚĞ
ƐŝŵƵůĂƚŝŽŶǁŝƚŚĨŝŶĂůĐŽŶƚƌĂĐƚŝŽŶƉĞƌŝƐƚĂůƐŝƐŵŽǀĞŵĞŶƚ͘



Figure 3: >ŽŶŐŝƚƵĚŝŶĂů ƐƚƌĞƐƐĞƐ ŽĨ ƚŚĞ ƵƌĞƚĞƌ ŝŶ ƚŚĞ
ƐŝŵƵůĂƚŝŽŶǁŝƚŚĨŝŶĂůĐŽŶƚƌĂĐƚŝŽŶƉĞƌŝƐƚĂůƐŝƐŵŽǀĞŵĞŶƚ͘

4. Discussion & Conclusion
In view of the obtained results we can conclude
that the final contraction after urine bolus does
exert a low influence on the efficient pumping of
urine in this FSI simulation of the ureter
peristalsis.
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3. Results
Solid domain stresses obtained from the two
different simulations are the sam:  
(-740.5 kPa) in figure 1,   
(-837.5 kPa) in figure 2 and  (744.2 kPa) in figure 3.  varies about
0.0096% with a maximum value of 333.032 Pa,
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Guidewire Model Based on its Mechanical Properties
Hoda Sharei, John J van den Dobbelsteen , Jenny Dankelman
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1. Introduction
Guidewire and catheter modeling is an emerging
research area and a variety of techniques have
been used for simulation [1-4]. Although there are
different types of these simulators, they are
mainly for training purposes. In this paper, we
present a computer-based model to simulate the
behavior of a guidewire in blood vessels. Our main
objective is to find ways of improving the choice of
guidewire prior to the procedure. Up until now,
there is no metric to select an appropriate
guidewire for a patient with a specific vessel
geometry. Currently, the selection is mainly based
on interventional cardiologist’s experience and
therefore very subjective. To be able to select the
guidewires with suitable mechanical properties
for successful navigation, preoperative modeling
of the interactions of the guidewire within the
vasculature is necessary.

2. Methods
We started with modeling a 2D model for the
guidewire. In our model, the guidewire is
considered as a discrete body: n interconnected
rigid bodies, each of which may translate and
rotate. To account for the bending stiffness of the
guidewire, joints with torsional springs, and
dampers are located at each interconnection. To
obtain real data regarding the stiffness, 3-point
bending tests were performed. Different types of
guidewires, including stiff guidewires and microguidewires, were included in the study.
We have modelled the guidewire both by driving
the equations of motion and by use of Simscape™
Multibody™ (which is a multibody simulation
environment). To validate the accuracy of our
method, a series of experiments on a phantom
model were performed. A single geometry model
was used for both simulation and validation.

3. Results
In the first approach, we focused on analyzing the
effect of guidewire stiffness. The results show that
the flexibility of a guidewire impacts its behavior
during advancement: a higher flexibility results in
more contact with the vessel wall. This can be
explained by the fact that under the applied loads,
the flexible tip deflects easier than the stiff one.
This property had also an effect on the simulation

time for the procedure. It was found that the
flexible one took slightly longer than the stiff one
to be computed. The same explanation is valid
here: due to more contacts with the vessel wall,
more calculation needed to be performed.

Figure 1: : Guidewire configurations during propagation
with a stiff tip (red) and a flexible tip (blue). Simulation is
based on properties of the Amplatz Super Stiff guidewire.

4. Conclusions
In this study, we have developed a 2D guidewire
model and have endeavored to investigate the
motion behavior in a specific vascular geometry
and the importance of guidewire’s mechanical
properties on the motion. Use of such simulations
enables the user to assess the possible motions,
and even to predict the success rate of the
percutaneous coronary interventions.
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Abstract 03.07

Correlation of needle-based OCT measurements
with histopathology using a customized slicing tool
Abel Swaan1,2, Berrend G. Muller2, Rob A.A. van Kollenburg2, D. Martijn de Bruin1,2, Henricus J.C.M.
Sterenborg1,3, Jean J.M.C.H. de la Rosette2, Ton G. van Leeuwen1, Dirk J. Faber1
1) Department of Biomedical Engineering & Physics 2) Department of Urology, University of Amsterdam, Academic Medical
Center, Amsterdam, The Netherlands, 3) Department of Surgery, Netherlands Cancer Institute, Amsterdam, The Netherlands,
a.swaan@amc.uva.nl

1. Introduction
We want to use Optical Coherence Tomography
(OCT) to guide prostate biopsy needles. OCT is the
light equivalent of ultrasound with a resolution of
10 μm and a penetration depth of 1-2mm and only
needs a thin optical fiber. Guidance of the biopsy
gun will reduce the number of biopsies per
session. To understand what is visualized and
measured with OCT in the prostate, very precise
correlation with the gold standard, histology, is
needed. We demonstrate a new correlation
technique to match histology with needle-based
optical
coherence
tomography
pullback
measurements using a customized slicing tool.

2. Methods
An in-house designed cutting tool [1] was created
to hold the prostate during 3D needle based
optical coherence tomography [2] measurements
and formalin fixation. After fixation, the tool
allows cutting the prostate exactly through two
OCT measurement trajectories. This provides
whole-mount histopathology slides of the prostate
in the same location as the two OCT
measurements, see figure 1. A pathologist marked
the different tissues on the histopathology slides.
If structures above and under the OCT trajectory
are found, we assume the structure is surrounding
the OCT measurement trajectory. These areas
were marked and analysed on the OCT
measurements. This was performed on 20
patients to find visual characteristics on the OCT
images for specific tissues found in the prostate.

3. Results
Exact correlation of the two OCT trajectories with
histopathology slide is possible using the in-house
designed cutting tool. The pathologist found and
marked different prostate tissues on the histology
slide; benign glands, cystic atrophy, regular
atrophy, stroma, malignancy Gleason 3-4,
inflammation, and fat. Marked tissues on the
histology slide can be correlated to exact OCT
image in the 3D set. On these marked tissues, we
found histological structures visible on OCT
images.
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Figure 1: A whole mount histopathology coupe with
different tissues marked with different colored lines. Two
OCT trajectories are made per whole mount coupe. The
upper trajectory matches with the corresponding OCT
image (black and orange block). The OCT image from the
bottom trajectory is left out to illustrate that the
pathologist marks around the OCT measuring trajectory.

4. Discussion & Conclusion
One on one correlation of histology and OCT scans
is possible and gives an insight what is visualised
with OCT. Histological structures are visible on
OCT images. However, the OCT measurements
where performed before fixation. Fixation makes
the prostate shrink, and it is not known if this
shrinking is uniform. This could give a slight offset
of the correlation between histology and the OCT
images. The cutting of whole mount coupes is
difficult and caused damages. This caused missing
data and slides that were not usable. The next step
is to make an OCT atlas of the prostate and
correlate
quantitative
analysis
with
histopathology.
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Abstract 03.08

Parameter Evaluation of a Bone Marrow Harvesting Device
for Minimally Invasive Bone Marrow Transplantation
Kohei Miki1, Shuji Nakamura2, Katsuyuki Sado2,
Fumiya Iwashima2, Hirokazu Takagawa2, Ken Masamune3
1) Graduate School of Information Science and Technology, The University of Tokyo, Tokyo, Japan, k_miki@leopard.t.utokyo.ac.jp. 2) JIMRO Co., Ltd. 3) Institute of Advanced BioMedical Engineering and Science, Tokyo Women's Medical
University, Tokyo, Japan.

1. Introduction

3. Experiments & Results

Bone marrow transplantation (BMT) is used to
replace a recipient’s BM with healthy BM. BM is
typically harvested from a donor’s BM in the ilium,
using BM needles, often under general anesthesia.
BMT has shown a lower incidence of cGVHD than
peripheral blood stem cell transplantation (PBSCT),
however BMT has some problems. First, BM can be
harvested at a rate of only 5 ml in a single puncture.
Therefore, 50–300 punctures are required to
obtain 400-1,200 ml of BM that is not considered to
be appropriate for healthy donor. Furthermore, the
needle punctures through the skin into the ilium,
therefore, it is difficult to observe the position of
the ilium and the needle inside the body. To
overcome first problem, some groups reported the
use of robotic devices for BM harvesting (BMH) [12], but second problem was not considered well. So,
in this paper, we propose an improved BMH system
using a newly designed device with a navigation
system, and describe the evaluation of the first
prototype device using the bone model to optimize
the driving parameter of the device.

To evaluate and optimize the performance of the
device, we calculated the specific cutting resistance
of the drill (K [MPa]). K is given by K = Td/D2f,
where D [mm] is diameter of the drill, f [mm/rev]
is feed per revolution, and Td [mN m] is cutting
torque. The torque and the insertion force were
measured when the device was inserted into a
cancellous bone model. The driving parameters are
rotation velocity and insertion velocity, as shown
in Table 1. Insert failed with parameters of (120,
0.75). Results are shown Figure 2 and Table 1. K is
1.27 MPa, which is calculated by the method of
least squares.

Figure 2: Cutting torque in the drilling process.
Table 1: Insertion force of the device (n=5).
Rotation [rpm]

60

90

120

120

120

Insertion [mm/s]

0.25

0.25

0.25

0.50

0.75

Force [N]

10.7

9.4

10.2

16.4

-

4. Discussion & Conclusion
Figure 1: Concept of the proposed BMH system. The device
is on the left. The navigation system is on the right.

2. Proposed Methods
Figure 1 shows the concept of the proposed system.
The device has a long flexible drilling unit to reach
to the BM, and an aspiration unit to generate
negative pressure to harvest BM efficiently through
the hollow of the device. The device is inserted into
the BM through the needle and aspirates a certain
amount of BM. The needle is inserted only once or
twice to harvest the required amount of BM under
local anesthesia. The end of the device has an EM
sensor to track the position and orientation of the
device. The navigation system superimposes the
device position and path onto MR images of the
ilium.

We reported the first prototype device for BMH,
and evaluated the performance of the device. The
device was successfully inserted into the bone
model and the device has the potential to insert the
human ilium. In future work, we will perform in
vivo experiments and the driving parameters are
optimized based on the results.
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Abstract 03.09

A novel tracheostoma closure device
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1. Introduction
Tracheostomy is a common procedure in critically
ill patients requiring prolonged mechanical
ventilation [1-3]. Tracheostomy decannulation is
associated with a number of clinical concerns due
to the remaining leak in the tracheal airway [4, 5].
We have engineered and fabricated a novel
tracheostoma closure device to facilitate the use of
non-invasive ventilation, improve pulmonary
function, vocalization and healing of the
tracheostomy canal in the newly decannulated
patient.

2. Methods
Five Danish Landrace pigs were subjected to
tracheostomy followed by decannulation and
insertion of the trachostoma closure device (Fig
1). Correct placement of the device was ensured
by flexible tracheoscopy. The device consists of an
intra-tracheal silicone seal disc fixated by a cord
through the tracheostoma to an external part. At
day 14, computed tomography (CT) was
performed before the device was extracted. By
pulling a cord, the disc unravels into a thin thread
and is extracted through the stoma. At day 21, CT
was repeated before euthanasia. The trachea and
pretracheal tissue were excised en bloc for
histopathological evaluation.


Figure 1: ϯ ĂŶŝŵĂƚĞĚ ǀŝƐƵĂůŝǌĂƚŝŽŶ ŽĨ ƚŚĞ ŝŶƚƌĂͲƚƌĂĐŚĞĂů
ĐůŽƐƵƌĞĚĞǀŝĐĞ͘

4. Discussion & Conclusion
The study demonstrated that the tracheostoma
closure device is feasible and biosafe in a porcine
animal model, but the design and quality of the
materials need to be improved before further
studies. We expect that airway management of
long-term cannulated patients can be improved by
the use of a temporary intra-tracheal closure
device.
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Needle Insertion in Human Livers: Deflection and Force Analysis
Tonke L. de Jong1, Dennis J. van Gerwen1, Adriaan Moelker2, Jan N.M. IJzermans3, John J. van den
Dobbelsteen1
1)ŝŽŵĞĐŚĂŶŝĐĂůŶŐŝŶĞĞƌŝŶŐ͕ĞůĨƚhŶŝǀĞƌƐŝƚǇŽĨdĞĐŚŶŽůŽŐǇ͕ĞůĨƚ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ͕ƚ͘ů͘ĚĞũŽŶŐΛƚƵĚĞůĨƚ͘Ŷů͘ϮͿZĂĚŝŽůŽŐǇ͕
ƌĂƐŵƵƐD͕ZŽƚƚĞƌĚĂŵ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ͕ϯͿdƌĂŶƐƉůĂŶƚĂƚŝŽŶ^ƵƌŐĞƌǇ͕ƌĂƐŵƵƐD͕ZŽƚƚĞƌĚĂŵ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ

1. Introduction
Steerable needles and robotic positioning systems
are possible technical tools to improve needle
placement accuracy in radiologic interventions.
Experimental data on needle-tissue interaction
are important for their clinical development, but
scarce.
Therefore, the aim of this research is to quantify
the magnitude of and variability in needle
deflection, and to characterize the insertion forces
when inserting needles into fresh cirrhotic liver
tissue. In this study, a pilot experiment was
carried out, using one diseased human liver.

2. Methods
The experimental set-up ( ͷȌconsisted of a
linear mini slide that was mounted vertically with
respect to the table. The base of the needle was
connected to a force sensor. The needle tip was
aligned with an ultrasound transducer (out of
plane).
A fresh cirrhotic liver was obtained from a patient
that underwent transplantation surgery and
immediately used for the experiment after
extraction. The complete liver was placed
vertically, to simulate right percutaneous needle
access, in a custom-made soft transparent PVC
container filled with silicone material. Liver
hardness was estimated using a Shore OO
durometer, by 3 repeated measurements at 10
random locations on the liver surface, before and
after the needle insertion experiment.
The pilot experiment consisted of multiple needle
insertions into the liver, while tracking the
insertion path with the ultrasound machine and
capturing the forces with the load sensor. In total,
4 different needle types were used: 18 and 21
Gauge Trocar needles and 18 and 21 Gauge Chiba
needles.

Force sensor
Moving part
of the
linear slide
Ultrasound
transducer
Needle tip





Liver
container

Figure 1: Schematic illustration of the experimental needle
insertion set-up: the needle insertion path was tracked
using ultrasound and the forces were captured by a force
sensor.

Needle deflections were observed for all
insertions. Force-position diagrams of the needle
insertions are shown in  . Higher forces
were registered for the 18G needles compared
with 21G. Peaks in the force data can be clearly
seen for all insertions. No difference in liver
hardness was found before (38.2±9.3) and after
(38.8±7.8) the needle insertions.

4. Discussion & Conclusion
In this study, a pilot experiment was carried out,
regarding the insertion of needles into fresh
cirrhotic human liver, obtained from a patient that
underwent transplantation surgery.
Future work includes the examination of multiple
livers, aiming to collect a bigger data-set on needle
deflection and forces in diseased human livers.
This data-set can be used for setting up clinically
relevant design requirements for supporting
robotic systems and steerable needles, with the
goal to improve needle placement in radiologic
interventions.

3. Results
A)

B)

C)

D)

Figure 2 – Force-position diagrams of needle insertions: A) Trocar 18G, B) Trocar 21G, C) Chiba 18G, D) Chiba 21G
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SENSA: a System for Endoscopic Stenosis Assessment
C. Sanchez1, D. Gil1, T. Gache1, N. Koufos2, M. Diez-Ferrer2, A. Rosell2
1)

Computer Vision Center-Comp. Sci. Dep., Universitat Autonoma de Barcelona, Spain, csanchez@cvc.uab.es. 2) Pneumology
Unit, Hosp. Univ. Bellvitge, IDIBELL, CIBERES, Spain.

1. Introduction
Documenting the severity of a static or dynamic
Central Airway Obstruction (CAO) is crucial to
establish proper diagnosis and treatment, predict
possible treatment effects and better follow-up
the patients. The subjective visual evaluation of a
stenosis during video-bronchoscopy still remains
the most common way to assess a CAO in spite of a
consensus among experts for a need to
standardize all calculations [1].
The Computer Vision Center in cooperation with
the «Hospital de Bellvitge», has developed a
System for Endoscopic Stenosis Assessment
(SENSA), which computes CAO directly by
analyzing standard bronchoscopic data without
the need of using other imaging tecnologies.

patients with different degree of CAO severity.
SENSA was compared to the validation to an
average expert using a t-test for paired data.
Clinically relevant area discrepancy was set to
15%, which is the minimum difference
representing a change of 1 mm in the diameter.
SENSA CAO presented a non-clinically relevant
9% of discrepancy and could run in the same
bronchoscopy suit in less than 10 seconds.

2. Methods
To fully support diagnosis during bronchoscopic
explorations, SENSA functionalities include 3 main
modules sketched in Fig.1: CAO computation, CAO
visualization and CAO clinical validation.
In the computation module, CAO is obtained as the
ratio between the areas delimited by a healthy
reference ring and the obstructed lumen. Healthy
and obstructed areas are computed taking into
account geometric and appearance constrains [3].
This module supports connection to the PACs
server and serial analysis of a set of DICOM cases
internally identified with the tag SENSA. The
visualization module shows SENSA contours on
healthy and obstructed segments to allow a SENSA
supported visual estimation of CAO. For the
validation module we adopted a crowdsourcing
approach in cooperation with the Pallas-Ludens
company. A crowdsourcing pipeline separates
extensive tasks into many micro-tasks adequate
for online crowds [3]. We defined 2 micro-tasks:
CAO visual assessment guided by SENSA contours
and manual correction of SENSA contours to get
the right CAO. The two CAO scores are compared
to validate SENSA in terms of time spent to reach a
diagnose and improvement in non-experts
conclusions compared to experts.

Fig.1: SENSA architecture

4. Discussion & Conclusion
Up to our knowledge, SENSA is the only available
software able to analyze directly bronchoscopic
images without using other imaging technologies
or modifying current commercial devices. This
pilot study indicates that SENSA is ready to be
deployed in Bellvitge for its crowdtesting. The use
of crowdsourcing ensures the large amount of
data annotated by experts and non-experts
together with clinical scores.

References
[1]

A.Begnaud, Connett, et. al: Measuring central airway
obstruction: What do bronchoscopists do? AATS (2014)

[2]

C.Sanchez, J.Bernal, et.al. Towards On-line Quantification
of Tracheal Stenosis from Videobronchoscopy . IJCARS,
2015, 10(6). 935-945

[3]

L.Maier-Hein, D.Kondermann, et.al. Crowd truth
validation: a new paradigm for validating algorithms that
relyon image correspondences. IJCARS, 2015, 10(8).
1201-12.

3. Results
SENSA computational and visualization modules
have been fully deployed at Hospital de Bellvitge
for a pilot study. We analyzed 20 videos from
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ĞĨŽƌŵĂƚŝŽŶŝŶĚƵĐĞĚƚŝƐƐƵĞŽƉƚŝĐĂůƉƌŽƉĞƌƚŝĞƐ
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Many forms of elastic scattering spectroscopy
have been used in non-invasic diagnosis. Direct
contact is required between the probe and tissue
for spectroscopy systems such as Single Fiber
Reflectance spectroscopy (SFR) . Previous studies
reported probe pressure application effects on
tissue optical properties [1], however the
mechanism is not well understood. We
hypothesize tissue deformation generated by
pressure changes tissue composition which
determines
tissue
optical
properties.
Corresponding experiments were performed to
verify the hypothesis.


&ŝŐƵƌĞϮ͗ZĞĨůĞĐƚĂŶĐĞƐƉĞĐƚƌƵŵƐŽĨĚŝĨĨĞƌĞŶƚŝŶĚĞŶƚĂƚŝŽŶƐ

Ϯ͘ DĞƚŚŽĚƐ
In vivo white light SFR measurements were
performed with controlled Indentation on
volunteer’s outer forearm skin. The schematic of
an SFR setup is shown in Figure 1. A single fiber is
used for both delivery the light from the light
source and collection of the light remitted from
tissue. Tissue deformation is generated by
indentation control of a motorized linear
translation stage.


&ŝŐƵƌĞ ϯ͗ ŽƌƌĞůĂƚŝŽŶ ďĞƚǁĞĞŶ ƌĞĚƵĐĞĚ ƐĐĂƚƚĞƌŝŶŐ
ĐŽĞĨĨŝĐŝĞŶƚĂŶĚƉůĂƐŵĂǀŽůƵŵĞǁŝƚŚĚŝĨĨĞƌĞŶƚŝŶĚĞŶƚĂƚŝŽŶƐ

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ


&ŝŐƵƌĞϭ͗^ĐŚĞŵĂƚŝĐŽĨ^&ZƐĞƚƵƉ

ϯ͘ ZĞƐƵůƚƐ
The measured reflectance spectrums of
volunteer’s outer forearm skin with controlled
indentations are shown in Figure 2. Based on the
same reflectance spectrums and SFR model,
reduced scattering coefficient and plasma volume
fraction are extracted are plotted together in
Figure 3. The details of SFR semi-empirical model
and optical properties extraction were already
demonstrated in the early publications [2].

Reduced scattering coefficient goes up with the
increase of indentation amplitude, while plasma
volume fraction goes down, which is a result of
vascular circulation block under indentation. A
correlation is observed between the reduced
scattering coefficient and plasma volume fraction
extracted from the reflectance spectrums
measured with different indentations. This
indicates plasma volume displacement might lead
to an increase of scatter concentration, such as
fiber, collagen etc. 

ZĞĨĞƌĞŶĐĞƐ
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In situ dynamic mechanical analysis of soft tissue at the tip of a 19G
needle
Steven V Beekmans1, Davide Iannuzzi1
1)

Biophotonics and Medical Imaging and LaserLab Amsterdam, Vrije Universiteit (VU) Amsterdam, Netherlands,
s.v.beekmans@vu.nl.

1. Introduction
Each year, in the Netherlands alone, more than
50.000 percutaneous procedures are performed
for treatment or for removal of tissue from
possibly diseased organs, of which 30% return
non-diagnostic due to erroneous needle targeting,
often as a result of non-homogeneity of the
penetrated tissue. In this study, we aim to
facilitate needle targeting by assessing the tissue
in front of the needle based on its mechanical
properties, in terms of elasticity and viscosity.
Knowledge of the local environment of the needle
tip is of paramount importance in minimally
invasive, needle based approaches. Moreover, the
ability to quantify mechanical properties of soft
tissue at the tip of the needle ultimately enables
the user to perform an online diagnosis based on
local tissue mechanics.

2. Methods
A probe that can identify tissues via real-time
measurements of their mechanical properties is
placed at the tip of the needle. The probe, actuated
by a remote system at the distal part of the needle,
employs the bending of a micro-machined
cantilever fabricated on top of an optical fiber. The
displacement of the cantilever, imposed by
pressing a micro-bead (r = 75 μm) glued at the tip
of the cantilever against the tissue, is interrogated
by Fabry-Pérot interferometry and converted to
force acted on the tissue in real-time. The force
transducer is able to perform in harsh
environments due to its monolithic design and alloptical working principle.
Shear storage- and loss modulus (G’ and G’’) of
heterogeneous soft tissue were derived by
performing a predefined oscillatory load-sweep
over time on top of a static load, all within the
linear elastic limit (figure 1). Using the load (P)
and indentation depth (h) over time results we
measured the dynamic mechanical moduli at
distinct frequencies. We employed an analytic
solution obtained in previous research on
oscillatory nano-indentation to obtain the storageand loss moduli [1].
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Figure 1: Oscillatory load (top) and indentation response
(bottom) over a frequency sweep of 0.1 Hz to 10 Hz, with
an oscillation amplitude of 50 μN. Prior to the sweep, the
load was held constant for 60 seconds at 250 μN.

3. Results
Using our setup, shear storage- and loss moduli
were obtained during needle insertion in several
elastic- and soft tissue specimens (figure 2).

Figure 2: Measurement at the needle tip of shear storageand loss modulus of an elastic soft tissue phantom.

4. Discussion & Conclusion
We demonstrate the ability of our device to detect
and quantify layers of varying stiffness and to
successfully locate boundaries in soft tissue on the
basis of local mechanical properties.
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Fiber optic sensing based on integrated photonics, a key enabling
technology platform for medical applications
T. van Leest1, R. Evenblij1, A. de Leth2, P. Kat3, M.P.H. Vleugels4
1) Technobis Fibre Technologies, Technobis Group, Alkmaar, The Netherlands, thijs.vanleest@technobis.com, 2) Technobis
Mechatronics, Technobis Group, Alkmaar, The Netherlands, 3) Technobis Group, Alkmaar, The Netherlands, 4) Endoscopic
Force-reflecting Instruments B.V., The Netherlands.

1. Introduction
Fiber optic sensing, and in particular Fiber
Bragg Grating (FBG) sensing, is receiving an
increasing amount of interest in medical
applications, due to the ability to accurately
measure physical parameters as strain,
temperature or pressure using (multiple) FBG
sensors in a strand of fiber the thickness of a hair.
With Technobis’ interrogators [1] based on
application specific photonic integrated circuits
(ASPIC) and expertise in product development,
medical products are being developed for haptic
feedback, such as the OptiGrip [2], shape sensing
and multi-parameter sensing.

2. Methods
A Fibre Bragg grating is formed by creating a
periodic modulation of the refractive index in an
optical fibre core, which reflects a specific
wavelength determined by the optical path length
of the grating period. By accurately measuring this
wavelength upon environmental changes (e.g.
strain, temperature), a wide range of sensing
functionalities can be created depending on
system configuration, e.g. embedment of the
optical fibre. Multiple sensors can be implemented
into a single fibre at different reflecting
wavelengths and without EM interference making
it suitable for MRI environment.
Technobis has developed the worlds’ first
ASPIC-based interrogators. The vast reduction in
footprint (size, cost, energy consumption), massproducibility
and
world-record
extreme
performance in terms of optical specifications,
allow for expanding business into and of the FBG
sensing market, including that of many medical
markets.
The ASPIC-based interrogator allows easy
integration into OEM products for specific
applications. Within Technobis Group, Technobis
Mechatronics specializes in the development of
high-tech product, including the product lines of
Technobis Fibre Technologies. In a joint effort, an
initial concept is transformed into finished
product. Thus at Technobis, the whole product
development process is offered, from high-level
research, development and engineering, as well as
the crucial phase from prototype to product line.

Figure 1: Example of an ASPIC chip and interrogator.

3. Results
A prime example of such a product is the
OptiGrip, a co-development commissioned by EFI
[2]. It is the world’s first optical haptic feedback
grasper, as well as the first OEM product with an
ASPIC-based system. State-of-the-art optic sensors
are used to measure the amount of force exerted
with the grasper tips, and coupled back to the Grip
with adjustable feedback strength, thus allowing a
tremendous improvement of the sense of feel the
operator has of its actions during surgery. For
example it allows for distinguishing between
different types of tissue, even feel artery pulsation
and shortening of the training process for
specialists.

Figure 2: OptiGrip, the first Haptic Feedback Grasper, and
the OptiGator controlbox containing the ASPIC-based
interrogator.

4. Discussion & Conclusion
An introduction to, and an example of the
potential of ASPIC-based fibre-optic sensing
systems has been presented, for applications in
medical markets such as haptic feedback.
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[1] www.technobis.com
[2] www.efinstruments.com

Session - Sensing & Instrument-Tissue Interaction

51

Abstract 04.07

ǆƉůŽƌĂƚŝŽŶĐĂƉĂďŝůŝƚŝĞƐŽĨƉĂƌĂƐŝƚŝĐǁĂƐƉŽǀŝƉŽƐŝƚŽƌƐ
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ

ovipositor decreases the instantaneous speeds of
insertion. A denser gel leads to lower average
speeds of insertion and a reduced range of
probing (Fig. 1).

Slender ovipositors of parasitic wasp have been
used as inspiration for bioinspired minimally
invasive needles because of their putative steering
capabilities [1]. The ovipositor consists of three
elements (valves), one big and two small, that are
connected along their length and can slide along
each other. The alternate movements of the
elements theoretically avoids buckling and
enables steering. Buckling is avoided by the
friction along the stationary valves which provide
lateral support and anchor the structure in the
substrate [2]. Steering is achieved by continuous
protrusion of one valve over the others which
affects the tip morphology and the asymmetric
substrate force acting on it [3]. It is not known if,
and to what extent, the alternate movements and
steering by protrusion are actually employed by
animals. We tested these hypotheses and analyzed
the probing mechanisms, steering capabilities, and
effect of substrate density on probing of the
parasitic wasps   .

&ŝŐƵƌĞϭ͗WƌŽďŝŶŐƌĂŶŐĞĚŝĨĨĞƌĞŶĐĞƐďĞƚǁĞĞŶϮй;ďůƵĞͿĂŶĚ
ϰй;ƌĞĚͿŐĞů͘/ŶŐĞŶĞƌĂů͕ƚŚĞƚƌĂũĞĐƚŽƌŝĞƐŝŶƚŚĞĚĞŶƐĞƌ ŐĞů
ĂƌĞ ŵĂĚĞ Ăƚ ĂŶ ĂŶŐůĞ ĐůŽƐĞƌ ƚŽ ϵϬΣ ƚŽ ƚŚĞ ƐƵƌĨĂĐĞ ƚŚĂŶ
ƚŚŽƐĞŝŶƐŽĨƚĞƌŐĞů͘

Ϯ͘ DĞƚŚŽĚƐ

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ

We captured ovipositor insertion into transparent
gelatine (PhytagelTM) of two different densities
(2% and 4%) using two high-speed video cameras
(Photron Fastcam SA-X2) positioned perpendicular
(angle 89°±1°) to each other which enables 3D
reconstruction of the insertions. Movies were
stored as sequences of ‘tiff’ images which were
processed (filtering and segmentation using
morphological image adjustments) with a custom
made MATLAB® (R2015b) code. The ovipositor tip
was tracked automatically from the segmented
images, whereas movements of individual
elements were digitized manually using
unsegmented images.

Substrate properties dictate probing capabilities
which is important in designing bioinspired
minimally invasive steerable needles. Lower
average speeds of insertions are due to higher
energy needed to create and propagate fractures
the denser gel. Bending of the ovipositor increases
friction between the elements, hindering their
movements and resulting in slower speeds of
insertion. The range of probing is greatly affected
by the puncture angle which is closer to 90° in the
denser gel, because the animals need to apply a
greater force to puncture its surface while still
avoiding buckling of the ovipositor.

ZĞĨĞƌĞŶĐĞƐ

ϯ͘ ZĞƐƵůƚƐ
In total, we tracked 17 individuals that inserted
their ovipositors 93 times (46 insertions in 2%
gel, 47 in 4% gel). Complex, spatially separated,
3D trajectories of the ovipositor are achieved by
adjusting the valve kinematics during insertions
and by partial retractions, changes in tip
orientation, and reinsertions of the ovipositor. A
big difference in valve protraction leads to strong
curvatures, whereas their equal protraction
results in straight paths. Curvature of the
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Force transmission for pressure sensitive optical spectroscopy using
a compliant rolling mechanism
Arjan G.P.I. Scheerhoorn2, Patrice Lambert1, Jo W. Spronck2
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Microsystems Engineering, TU Delft, Delft, The Netherlands.

1. Introduction

3. Results
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Figure 3: Force-displacement plot for the rolling mechanism
made out of 150 μm thick and 8 mm wide PVC. The legend
shows the height of the roller mechanism, the maximum
hysteresis and the measured stiffness in the translation.
Figure 1: Optical fiber suspended by multiple rollers in a
tube. At the left side a force is applied, that is transferred to
the right where it touches the tissue. An enlargement of
one set of rolling elements can be seen in the circle. 
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2. Methods
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Figure 2: Top view of the used measurement setup
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ŽŶĐĞƉƚĂŶĚƉƌŽƚŽƚǇƉŝĐĂůƌĞĂůŝǌĂƚŝŽŶŽĨĂŶŽǀĞůĂŶĂƐƚŽŵŽƚŝĐƐǇƐƚĞŵ
ĨŽƌĞŶĚŽƐĐŽƉŝĐƐƵƌŐĞƌǇ
Sebastian Koller1, Steffen Beck1, Armin Schneider1, Hubertus Feussner2, Dirk Wilhelm2
ϭͿZĞƐĞĂƌĐŚŐƌŽƵƉD/d/͕<ůŝŶŝŬƵŵƌĞĐŚƚƐĚĞƌ/ƐĂƌ͕dĞĐŚŶŝĐĂůhŶŝǀĞƌƐŝƚǇDƵŶŝĐŚ͕DƵŶŝĐŚ͕'ĞƌŵĂŶǇ͕ƐĞďĂƐƚŝĂŶ͘ŬŽůůĞƌΛƚƵŵ͘ĚĞ
ϮͿĞƉĂƌƚŵĞŶƚŽĨ^ƵƌŐĞƌǇ͕<ůŝŶŝŬƵŵƌĞĐŚƚƐĚĞƌ/ƐĂƌ͕dĞĐŚŶŝĐĂůhŶŝǀĞƌƐŝƚǇDƵŶŝĐŚ͕DƵŶŝĐŚ͕'ĞƌŵĂŶǇ

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Colon diseases such as colorectal cancer inevitably
require the resection of the affected intestinal
segment. To restore intestinal continuity, a socalled anastomosis is needed i.e. a fluid- and gastight reconnection of the two remaining bowel
stumps.
Despite the ever continued technical development
in minimally invasive surgery, no suitable tools are
currently available to perform a secure and fully
intraluminal anastomosis over the entire length of
the lower gastrointestinal tract (LGIT).
Therefore, a novel interventional solution and a
prototypical endoscopic anastomotic system based
on a standard flexible endoscope is presented,
which allows for a reconnection of the bowel
stumps by expandable compression ring implants.

Ϯ͘ DĞƚŚŽĚƐ
Conventional anastomotic devices e.g. rigid
circular staplers are confronted with the main
problems such as short transluminal insertion
range (< 40 cm), trauma regarding the additional
incision for the insertion of the counter plate as
well as anastomotic stenosis caused by foreign
material applied in the tissue [1].
The proposed system consists of two expandable
applicators for compression ring implants that are
mounted in a mirrored fashion to an overtube.
After the penetration of the proximal applicator in
the oral bowel stump under visual control, both
applicators are expanded to a predefined diameter
using hydraulic actuators [2].
Various designs for applicators and diameter
adaptable compression implants were developed;
the most promising was manufactured using laser
sintering of plastic Frosted Ultra Detail
(Shapeways, New York) and evaluated regarding
mechanical
stability,
functionality
and
compression force. The connection is performed by
rotation-locked compression of the implants by
relative displacement of the applicators.

ϯ͘ ZĞƐƵůƚƐ
The prototype of the anastomotic system was
manufactured (fig. 1). One compression implant is
built out of eight self-detaching ring elements with
clip mechanism that are positioned annularly in
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one plane after expansion from its initial position
(25mm OD) to the predefined OD of 40mm. The clip
mechanism locks firmly into place on both foreseen
positions to adapt to different tissue thicknesses.



&ŝŐƵƌĞϭ͗Prototype of one applicator consisting of eight ring
units with a self-detaching clip mechanism. After the
expansion, the initially staggered ring elements are placed
in a single plane to a closed annular compression surface.

The proof of concept was performed with artificial
tissue, whereby a simple detachment of the ring
elements from the applicator could be observed.
The calculated average compression force of each
ring element is 10.7 N. The overall surface pressure
(0.23 N/mm2) results in a sufficient tightness of up
to 2.3 bar.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
With the proposed endoscopic anastomotic
system, a trans-anal anastomosis over the entire
length of LGIT avoiding additional abdominal
incisions is feasible. Considering the problems
mentioned above, implants with time-optimized
properties for bio-degradation after healing of the
anastomosis are foreseen. Follow-up experiments
on already promising results should be performed
with explanted porcine intestinal tissue for the
proof of application feasibility.

ZĞĨĞƌĞŶĐĞƐ
[1] A. Thiede et al., “Anastomosis techniques in the
gastrointestinal tract“, Der Chirurg; Zeitschrift für alle
Gebiete der operativen Medizin, 71(5), p. 601, 2000.
[2]

S. Koller et al., “A Modular Platform for Single-Use
Manipulators with Tendon Wire and Hydraulic Actuation
Systems for Minimally Invasive and Endoscopic Surgery
(NOTES)”, DMD Conference Europe, p. 19, 2015.

Session - Endoscopic Surgery & Gynecology



Abstract 05.02

ŶĚŽƐĐŽƉŝĐƚĂƌŐĞƚŝŶŐŵĞƚŚŽĚƐƵƐŝŶŐĨůƵŽƌĞƐĐĞŶƚĐůŝƉƐĂŶĚĨůƵŽƌĞƐĐĞŶƚ
ďĂŶĚƐĨŽƌŐĂƐƚƌŽŝŶƚĞƐƚŝŶĂůƚƵŵŽƌůŽĐĂůŝǌĂƚŝŽŶ
:͘,͘,ǇƵŶϭ͕^Ͳ͘<͘<ŝŵϮ͕<͘'͘<ŝŵϯ͕,͘Z͘<ŝŵϯ͕,͘D͘>ĞĞϯ͕^͘WĂƌŬϮ͕^͘͘<ŝŵϯ͕z͘ŚŽŝϮ͕͘<͘^ŽŚŶϭ͕ϯ
ϭͿĞŶƚĞƌĨŽƌŽůŽƌĞĐƚĂůĂŶĐĞƌ͕ZĞƐĞĂƌĐŚ/ŶƐƚŝƚƵƚĞĂŶĚ,ŽƐƉŝƚĂů͕EĂƚŝŽŶĂůĂŶĐĞƌĞŶƚĞƌ͕'ŽǇĂŶŐ͕ZĞƉƵďůŝĐŽĨ<ŽƌĞĂ͘ϮͿDŽůĞĐƵůĂƌ
/ŵĂŐŝŶŐĂŶĚdŚĞƌĂƉǇƌĂŶĐŚ͕ZĞƐĞĂƌĐŚ/ŶƐƚŝƚƵƚĞ͕EĂƚŝŽŶĂůĂŶĐĞƌĞŶƚĞƌ͕'ŽǇĂŶŐ͕ZĞƉƵďůŝĐŽĨ<ŽƌĞĂ͘ϯͿŝŽŵĞĚŝĐĂůŶŐŝŶĞĞƌŝŶŐ
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Accurate tumor localization is very important for
gastrointestinal cancer surgery, especially in cases
of early cancer. This study was designed to
develop novel fluorescent targeting methods for
rapid and exact visualization of tumor sites.

2) Fluorescent band: the system was able to
distinguish the two or three bands marked on the
mucosal surfaces of the stomach and colon (Fig.1).
Resection margins around the fluorescent bands
were sufficient in the resected specimens obtained
during stomach and colon surgery.

Ϯ͘ DĞƚŚŽĚƐ
First, we designed a novel endoscopic fluorescent
clip. A polymer matrix containing highly bright
fluorochromes was coated on the front end of
endoscopic clips. The fluorescent clips were
placed on the mucosae of a porcine colon and
stomach, and then the operator attempted to
identify the fluorescent clips from the outer
serosal side of the colon and stomach using a light
source and filtered glasses.
Second, we developed a endoscopic fluorescent
band. A fluorescent rubber band was made of
indocyanine green and a liquid rubber solution
mixture. A near infrared fluorescence laparoscopic
system with a dual light source using a highpowered light-emitting diode and a 785-nm laser
diode was also designed. The fluorescent rubber
bands were endoscopically placed on the mucosae
of stomachs and colons in swine model. During
subsequent laparoscopic stomach and colon
surgery, the fluorescent bands were assayed using
the near infrared fluorescence laparoscopy system.

ϯ͘ ZĞƐƵůƚƐ
1) Fluorescent clip: when a green light from a 532nm diode laser was applied, we could identify all
clips that had been placed endoscopically on the
mucosal surface of the inner colonic wall. By using
the light from a 650-nm diode laser, we identified
all fluorescent clips through the stomach wall in
real time. Similar results were also obtained with
the filtered xenon lamp. The locations of the
fluorescent clips were clearly identified on the
fluorescence images in real time.

&ŝŐƵƌĞϭ͗A laparoscopic view showing the fluorescent rubber
bands located in the mucosal side of the stomach (A) and colon
(B)

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
These novel endoscopic fluorescent clips and
bands could be rapidly and accurately localized
during stomach and colon surgery. Use of these
techniques may make possible the excision of
exact target sites during minimally invasive
gastrointestinal cancer surgery. 

ZĞĨĞƌĞŶĐĞƐ
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>ĂƉĂƌŽƐĐŽƉŝĐĞŶƵĐůĞĂƚŝŽŶĨŽƌƐƵďŵƵĐŽƐĂůƚƵŵŽƌƐŝŶƚŚĞĂďĚŽŵŝŶĂů
ĞƐŽƉŚĂŐƵƐ
Eiji Kanehira, Takashi Tanida, Aya Kamei, Kodai Takahashi
Department of Surgery, Medical Topia Soka, Saitama, JAPAN, kanehiraxy@yahoo.co.jp.

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Enucleation has been considered to be the
standard surgical treatment of benign submucosal
tumors (SMTs) in the thoracic esophagus [1-4].
But when the tumor is large and located in the
abdominal esophagus, it seems surgical treatment
has not been standardized, yet, presumably
because of a couple of controversies; how to
repair the esophageal wall defect after resection,
how to prevent postoperative stenosis, reflux
disease, and/or stasis. To examine the validity of
our repair methods and indication of anti-reflux
procedure, we reviewed our hospital records of
the patients who underwent laparoscopic
enucleation of SMTs in the abdominal esophagus.
Although the current study included large tumors
(average 5.5cm, max. 8.8cm), the outcomes looked
satisfactory. Herein we demonstrate our operative
techniques and the clinicopathological results in
the 13 patients, which is one of the largest series
in the abdominal esophagus [5,6].

Ϯ͘ DĞƚŚŽĚƐ
212 patients were laparoscopically treated for a
SMT in the upper gastrointestinal tract at the
Department of Surgery, Medical Topia Soka
(Saitama, Japan) between February 2012 and
January 2016. Of these patients 13 had a tumor
originating the abdominal esophagus.
Laparoscopic enucleation of the esophageal tumor
was carried out meticulously mainly with a
monopolar hook or an ultrasonically activated
scalpel. When the mucosa was perforated it was
repaired by hand-sew. As a reconstruction method
we perform three different procedures including
1; direct closure of myotomy without
fundoplication, 2; direct closure of myotomy
followed by fundoplication, and 3; leaving the
myotomy open followed by fundoplication.
Method 1 is indicated for a muscular layer defect
less than 4cm longitudinally, located on the
anterior wall of the abdominal esophagus,
whereas Method 2 is for defect less than 4cm,
located on the posterior wall, which required
dissection of entire esophagus both anteriorly and
posteriorly. Method 3 is indicated for muscular
defect larger than 4 cm. In Method 3 no matter
how much the mobilization of the esophagus is,
fundoplication is added. When the posterior

structures are dissected, posterior fundoplication
(Toupet method) is carried out, while anterior
fundoplication (Dor method) is applied when the
dissection is not extended to the posterior
structure.

ϯ͘ ZĞƐƵůƚƐ
Tumors were resected en-bloc without rupture in
all cases. In 5 patients myotomy was closed, while
in the remaining 8 it was left open. In 11
fundoplication was added (Toupet in 5 and Dor in
6). The patients developed neither regurgitation
nor
stenosis
postoperatively.
The
histopathological findings revealed leiomyoma in
9, while the other 4 were miscellaneous. The
average tumor size was 5.5cm (range 2.8-8.8).
Microscopically surgical margin was negative in
all cases.

ϰ͘ ŽŶĐůƵƐŝŽŶ
Laparoscopic enucleation of SMTs in the
abdominal esophagus seems to be safe,
reproducible operation enabling preservation of
function of the lower esophagus and
esophagogastric junction. Even when the
muscular defect is not approximated additional
fundoplication can minimize the risk of
postoperative reflux disease.
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Structured Light Based 3D Reconstruction Flexible Endoscopic Device
Benjamin Mertens1, Alain Delchambre1
1)

BEAMS Department, Université libre de Bruxelles, Brussels Belgium, Benjamin.mertens@ulb.ac.be.

1. Introduction
Nowadays, several surgical systems have already
been developed for laparoscopy, among them: 3D
vision, augmented reality or still, motorized tools.
The development of endoscopic surgery in
gastroenterology calls for similar needs [1]: depth
perception and augmented reality. In this paper, a
3D reconstruction device based on structured light
dedicated to flexible endoscopy is proposed.

Figure 2: 3D reconstruction of a colon model. Left image
shows the endoscopic view augmented with depth shown
with a color scale. Right image shows the textured 3D
reconstruction.

2. Methods
The device is presented in Figure 1. It is based on
structured light using a Diffractive Optical Element
(DOE) to project the pattern. It is composed of an
endoscope, a support which holds the optical fibre
to transport the beam, the lens to focus it and the
DOE. The mechanical embodiment is then attached
on the endoscope. The pattern projected is shown
on Figure 1 and is made of continuous and dashed
lines.

Figure 3: 3D reconstruction of a mouth. On the left image,
the endoscopic image augmented with depth in color scale
is shown. On the right image the 3D reconstruction itself.

4. Discussion & Conclusion


Figure 1: The pattern is projected using a diffractive optical
element (DOE). The beam is brought using an optical fiber
and is focused with a lens. The endoscopic camera captures
the pattern; and a computer proceeds with the 3D
reconstruction.

3. Results
The device was tested in a colon model provided by
The Chamberlain Group. Figure 2 shows a 3D
reconstruction of the colon model made from a
single shot. A second test was made in a mouth (see
Figure 3) to test the biological environment. The
relief of the mouth is clearly observable. In this
reconstruction, 1690 vertices and 2387 faces are
calcultated. As proposed in [2], the error is given in
pixels. It is of 0.4 pixel which corresponds to an
average error of 0.28 mm at a depth of 42 mm.
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In this paper, a 3D reconstruction endoscopic
device has been presented. It has shown a good
accuracy and visual rendering is encouraging.
However, further development will focus on still
improving the quality of the reconstruction. On
another hand, further development will focus on
the miniaturization of the device for tests in-vivo.
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Abstract 05.07

WƌĞŽƉĞƌĂƚŝǀĞŽůŽŶŽƐĐŽƉŝĐdĂƚƚŽŽŝŶŐƵƐŝŶŐ/ŶĚŽĐǇĂŶŝŶĞ'ƌĞĞŶĨŽƌ
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,ŽŶŐ͕D͕͘͘^ƵŶŐŚĂŶWĂƌŬD͕͘͘DŝŶ:ƵŶŐ<ŝŵD͕͘͘ƵŶŐ<ǁĂŶWĂƌŬD͕͘͘:ĂĞ,ǁĂŶKŚD͘͘
ϭͿĞŶƚĞƌĨŽƌŽůŽƌĞĐƚĂůĂŶĐĞƌ͕ZĞƐĞĂƌĐŚ/ŶƐƚŝƚƵƚĞĂŶĚ,ŽƐƉŝƚĂů͕EĂƚŝŽŶĂůĂŶĐĞƌĞŶƚĞƌ͕'ŽǇĂŶŐ͕^ŽƵƚŚ<ŽƌĞĂ
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Abstract 06.03

'ĞŽŵĞƚƌŝĐĂůůǇĂĐĐƵƌĂƚĞϯƌĞĐŽŶƐƚƌƵĐƚŝŽŶƐŽĨĐĂƚŚĞƚĞƌďĂƐĞĚKƉƚŝĐĂů
ŽŚĞƌĞŶĐĞdŽŵŽŐƌĂƉŚǇĨƵƐĞĚǁŝƚŚŽŵƉƵƚĞĚdŽŵŽŐƌĂƉŚǇ
Anouk L. Post1, Ryan M. Pedrigi2, Martin J. Brandt1, Daniël M. de Bruin1,3, Rob Krams2, Ton G. van
Leeuwen1, Henricus J.C.M. Sterenborg1,4, Dirk J. Faber1
1) Biomedical Engineering and Physics, Academic Medical Center, Amsterdam, the Netherlands, a.l.post@amc.uva.nl. 2)
Department of Bioengineering, Imperial College London, United Kingdom. 3) Department of Urology, Academic Medical
Center, Amsterdam, the Netherlands. 4) Department of Surgery, Netherlands Cancer Institute, Amsterdam, the Netherlands.

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Optical Coherence Tomography (OCT) is an
imaging technique similar to ultrasound, using
reflections of light within tissue. The resolution is
10-15 μm and the imaging depth is in the order of
millimeters. Catheter-based OCT was originally
developed for cardio-vascular applications, but is
currently more widely used – in e.g. the kidneys,
lungs and prostate.
An OCT probe has a lighthouse like design, where
a rotation results in a cross sectional image. An
external motor rotates the probe and pulls it back,
resulting in a series of images over a typical length
of 5 mm.
An accurate 3D reconstruction of the OCT data
would facilitate fusion with other imaging
modalities, such as CT. It would also enable a more
precise comparison of OCT to histopathology,
which in turn allows for validation of OCT as a
diagnostic tool.
We have developed and validated software to
produce 3D OCT reconstructions fused with CT.

Ϯ͘ DĞƚŚŽĚƐ
OCT pullbacks were performed with the C7-XRTM
Intravascular Imaging System and a C7
DragonflyTM Intravascular Imaging Probe (St. Jude
Medical). At the start of an OCT pullback a CT scan
(Brilliance CT 64 Channel, Philips Medical) was
made. The 3D reconstruction algorithm consists
of: (1) Reconstructing the catheter path from the
CT scan by segmenting the catheter shape with
Amira® (2) Determining where on this path the
OCT images should be placed, using the pullback
speed, framerate and a marker on the probe (3)
Accounting for rotation during the pullback as a
result of torsion in the catheter by using the
sequential triangulation algorithm [1] (4) Rotating
all the images over a single rotation angle, by
visually comparing the CT and 3D OCT
reconstruction.
We tested the assumption that image rotation is
only the result of curvature in the catheter path,
by measuring the rotation during straight
pullbacks. We also measured the difference
between the true catheter path and the shape of
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the catheter at the start of the pullback by filming
OCT pullbacks to trace the catheter tip. Finally, we
performed 3D OCT reconstructions of silicon tube
phantoms, with two different inner diameters (2
and 3 mm). For each type of tube one straight
phantom and two u-shaped phantoms with
bending radii of 1 and 2 cm were made. We
performed all measurements with 3 different
probes, 5 measurements each.

ϯ͘ ZĞƐƵůƚƐ
The mean rotation angle between the first and last
frame of an OCT pullback in a straight line was 5.3
degrees (std=3.9). The distance between the true
catheter path and the catheter shape for the
different phantoms was in the order of 0 to 1 mm.

&ŝŐƵƌĞϭ͗3D OCT reconstruction (copper color) of a silicon
phantom (inner radius = 3 mm, bend radius = 2 cm), fused
with CT (grey color). The white line is the catheter.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The developed algorithm can provide accurate 3D
OCT reconstructions, taking the catheter path into
account by fusion with CT. Improvements could be
made by correcting for rotations of images not due
to the curvature of the catheter path. 

ZĞĨĞƌĞŶĐĞƐ
[1]

A. Wahle, G.P.M. Prause, S.C. DeJong, M. Sonka,
"Geometrically
Correct
3-D
Reconstruction of
Intravascular Ultrasound Images by Fusion with Biplane
Angiography – Methods and Validation," IEEE
Transactions on medical imaging, vol. 18, p. 686-699,
1999.
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Simple AR Navigation System using a Tablet PC with hybrid sensing
Ken Masamune1, Kitaro Yoshimitsu1, Kohei Miki2, Yuki Horise1, Yuka Shimizu3, Jennifer Esposito3 and
Yoshihiro Muragaki1
1) ABMES, Tokyo Women’s Medical University, Tokyo, masamune.ken@twmu.ac.jp 2) IST, the University of Tokyo, Tokyo,
3) Intel Corporation

1. Introduction

3. Experiments and Results

Medical images are widely used for surgical
navigation in the operating room, however,
surgeons are forced to observe the anatomical
target area while switching their gaze direction
between the patient and medical images on a
monitor. Therefore, it is difficult to obtain the
target position intuitively and to use the accurate
positional information from medical images
effectively. To overcome these problems, many
researches are conducted using AR technology,
however because of its complexity, they are not
widely distributed yet. So, our strategy is to make
it simple, and we’ve developed an AR system
based on only a tablet PC of iPad(Apple Inc.)[1]. In
this paper, we introduce the strategy of our
system and port the system to Surface PC
(Microsoft Inc.) for evaluation of feasibility.

We evaluated the image overlay accuracy using a
phantom and its MRI images. The overlay
accuracy of TRE was 1.0±0.4mm in the static
condition. No significant difference was found in
the image overlay accuracy with different
numbers of observable markers, different tablet
PC’s tilt angles or distances relative to the object.
The frame display rate was 13–15 Hz on
iPad2(A4), and over 20Hz on Surface Pro4(Core
i7) with the same size object. We performed preclinical trial to confirm the feasibility on
neurosurgery, vascular surgery and plastic
surgery to just observe the internal organ model
in the operating room. Because of the deformation
of the body surface, error increases in some
situation. There were no conflicts with other
medical devices and the environments.

2. System description and Methods

4. Discussion & Conclusion

Our AR navigation system includes only three
radio-opaque/MRI enhanced doughnut-like markers and a tablet PC which has a back camera and
gyro sensor. For simple use, 3D measurement for
registration is done by back camera. 3D patient
model is reconstructed from pre- or intraoperative medical images, and the tablet PC
calculates the relationship among the coordinates
system of the camera, the virtual model and
position information calculated from gyro sensor
data. To make hybrid sensing, all markers can be
observed even though markers are lost for a while.
After registration, overlaid images are obtained.
We measured the overlay accuracy and evaluated
its clinical applicability. Overview of the system is
shown in figure 1.

In this presentation, we perform the image
overlay that could allow surgeons to determine
surgical target positions accurately and intuitively,
regardless of their experience or spatial reasoning
capacity. By introducing hybrid (camera and gyro)
sensing, surgeon can use freely the device,
however in some situation error increases and we
have to take care that the accuracy depends on the
purpose of the use.

Figure 2: Sample overview of the clinical trial in
neurosurgery with tablet PC AR navigation. Only markers
and PC are required.

References
[1]

Figure 1: System configuration of simple AR navigation
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LayerSeparationforVesselEnhancementinInterventionalXͲray
AngiogramsUsingMorphologicalClosingandRobustPCA
HuaMa1,GerardoDibildox1,JyotirmoyBanerjee1,WiroNiessen1,2,CarlSchultz3,EvelynRegar4,Theo
vanWalsum1
1)BiomedicalImagingGroupRotterdam,ErasmusMC,Rotterdam,Netherlands,h.ma@erasmusmc.nl.2)Quantitative
ImagingGroup,FacultyofAppliedSciences,DelftUniversityofTechnology,Delft,Netherlands.3)DepartmentofCardiology,
RoyalPerthHospital,Perth,Australia.4)DepartmentofCardiology,ErasmusMC,Rotterdam,Netherlands.
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Figure1:Theoverviewofthelayerseparationmethod.

Figure3:TheaveragelocalandglobalCNRmeasuredover
fiveframesthatarerandomlyselectedfromeachofthe
fourXAsequences.
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ĞƐŝŐŶKƉƚŝŵŝǌĂƚŝŽŶ&ŽƌZŽďŽƚŝĐ^ĐƌƵďEƵƌƐĞ/ŶEĞƵƌŽƐƵƌŐŝĐĂů
KƉĞƌĂƚŝŽŶƐ
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dĂŬĂƐŚŝDĂƌƵǇĂŵĂϭ͕zŽƐŚŝŚŝƌŽDƵƌĂŐĂŬŝϭ
ϭͿ㻌dŽŬǇŽtŽŵĞŶΖƐDĞĚŝĐĂůhŶŝǀĞƌƐŝƚǇ͕dŽŬǇŽ͕:ĂƉĂŶ͘ϮͿ^ŚŽǁĂhŶŝǀĞƌƐŝƚǇ&ƵũŝŐĂŽŬĂ,ŽƐƉŝƚĂů͕tĂŬĂǇĂŵĂ͕:ĂƉĂŶ




ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Scrub nurse is one of the significant actor/actress
supporting surgical procedure in an operating
theater. Smooth instrument exchange and
supplying an instrument with predicting a next
procedure assists surgeon’s operating rhythm
efficiency without any distraction though these
performance are generally limited to skilled scrub
nurses who were well trained and experienced
many cases. However, a chronic shortage of scrub
nurses has been severe. To compensate for this
shortage, scrub nurse robot (SNR) which is aiming
to achieve an efficacy at the level of a skilled
human scrub nurse during surgery has been
proposed [1], and developed by several research
teams [2-4]. Although those have been started
developing since 2005, to the best of our
knowledge from literature, there is only one robot
which has been installed into clinical cases [2].
Because most of all other robots were based on
basic research and were focusing to develop novel
functions engineering techniques, there have been
few reports describing motivations to install into
clinical cases. The aim of our study is preliminary
design of such practically yet robotic scrub nurse
(RSN) enabled by newly proposed rule as a
robotic assistance for a human scrub nurse.

was designed in a CAD software (Inventor,
AutoDesk)
having
simple
reciprocating
mechanism
carrying
surgical
instruments
between an operating surgeon and a human scrub
nurse. The mechanism we newly proposed in this
study employs two liner stages to drive a smart
phone sized surgical trey.

ϯ͘ ZĞƐƵůƚƐ
Fig. 2 describes how the RSN works. During
surgical procedure, a human scrub nurse put a
next instrument on an orange colored trey beside
him/her and does other tasks till the exchanging
performed (Fig. 2(status A)). Thus, the RSN
contributes them not to waste time for other tasks.
When an operating surgeon returns an instrument
on a facing empty trey, both of treys start to move
to the other side. Then, an operating surgeon gets
a new instrument and a human scrub nurse gets
the returned instrument and prepare it for next
usage after washing (Fig. 2(status B)). The size of
whole components is 230 x 850 mm with two
degrees of freedom. Strokes of the liner stages is
700 mm. The orange colored treys size 100 x 200
mm for carrying instruments and travel edge-toedge in 0.8 sec.



Ϯ͘ DĞƚŚŽĚƐ
Appropriate specifications for a new RSN were
designed through discussions with surgeons
observing several times of neurosurgical
operating cases. During the discussions, we also
focused on the technical procedure for RSN
starting from mechanical warming up, wearing
sterilized plastic covers, installation into operating
field, and starting manipulations along operating
staff’s work flows. There were two surgical treys
for keeping instruments and we figured out that
several types of frequently used instruments were
held just on the primary trey (Fig. 1). Additionally,
when a human scrub nurse was waiting for the
moment of exchanging with holding a next
instrument for coming procedure, he/she had to
keep eyes on the operating field even though they
had other tasks which should be treated on the
treys. Then, the preliminary design for a new RSN


&ŝŐƵƌĞϭ͗WŽƐŝƚŝŽŶƌĞůĂƚŝŽŶƐŝŶƚŚĞŽƉĞƌĂƚŝŶŐƌŽŽŵ
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ĞƐŝŐŶĂŶĚƉƌĞůŝŵŝŶĂƌǇĞǀĂůƵĂƚŝŽŶŽĨĂďŝŽͲŝŶƐƉŝƌĞĚƐƚĞĞƌĂďůĞŶĞĞĚůĞ
D͘^ĐĂůŝ͕d͘W͘WƵƐĐŚ͕W͘ƌĞĞĚǀĞůĚ͕͘ŽĚŽƵ
ŝŽŵĞĐŚĂŶŝĐĂůŶŐŝŶĞĞƌŝŶŐĞƉĂƌƚŵĞŶƚ͕ĞůĨƚhŶŝǀĞƌƐŝƚǇŽĨdĞĐŚŶŽůŽŐǇ͕ĞůĨƚ͕dŚĞEĞƚŚĞƌůĂŶĚƐ



ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
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ϯ͘ ZĞƐƵůƚƐ
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ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ

Ϯ͘ DĞƚŚŽĚƐ
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WƌŽƉŽƐĂůĨŽƌĂƌŽďŽƚͲĂƐƐŝƐƚĞĚŵŝĐƌŽƐĐŽƉŝĐƐǇƐƚĞŵĨŽƌŶĞƵƌŽƐƵƌŐĞƌǇ
Yuki Horise1, Jun Okamoto1, Hiroshi Iseki1, 2, Ken Masamune1, Yoshihiro Muragaki1, 3
1) Institute Advanced Biomedical Engineering and Science, Tokyo Women’s Medical University, Tokyo, Japan,
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obstructions such as medical devices like the
microscope and shadowless lamp, and nurses.

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
In general neurosurgery, surgeons manipulate a
soft tissue precisely by utilizing a conventional
surgical microscope to observe a surgical field of
interest. During the surgical operation, the
microscope is sometimes moved to change its
surgical view accordance with surgical situations.
However, the surgeons need to get the surgical
instruments off their hands and take their eyes off
of the surgical field to handle the microscope, and
this seems the interruption of operating workflow.
To solve this problem, there are some studies on a
surgical microscope; a microscope is motorized to
change its surgical view by a small remote
controller [1], and a microscope is positioned
automatically with MR images to focus a tumor [2].
We have also proposed a robot-assisted
microscopic system in which the surgeons could
change the microscopic view with keeping their
eyes on it by using the surgical tool with optical
tracking markers held in their hand as a controller.

ϯ͘ ZĞƐƵůƚƐ
We use a 3D HD microscope (KestrelView II,
Mitaka Co.) whose focal distance can be set
between 300-1000 mm, a 6-DOF robot system
(VS060, DENSO Co.) and an optical tracking sensor
system (VICRA, NDI Inc.). The microscope is
attached to the 6-DOF robot so that its optical axis
is aligned with the tip axis. We assume that the
average focal distance of the microscope is 800
mm and decided the location of the tracking
sensor system so that its tracking range overlaps
the focal range of the microscope. We also
confirmed the working area of our proposed
system by using WINCAPS III (DENSO Co.) which
is programming software (Figure 1 (b)).
6DOF Robot
3D HD
co
cope
Microscope

Ϯ͘ DĞƚŚŽĚƐ
Our proposed system is composed of a 3D
microscope, a robot with six degrees of freedom,
and an optical tracking sensor system as shown
Figure 1 (a). This system is placed on a ceiling of
an operating room and a surgeon can observe a
microscopic view on a monitor. When using our
system, the surgeon holds a surgical tool with
optical tracking markers to measure its tip
position and pose using the tracking sensor. The
surgeon could change the microscopic view by
pointing a focal position and indicating a view
angle using the surgical tool as needed, and thus
the microscope attached to the 6-DOF robot is
moved to the target position. With our proposed
system, the surgeon could keep his/her eyes on
the surgical view on the monitor and it is
considered that the surgeon could concentrate on
the surgical manipulation. Moreover, this system
is useful when using a navigation system since the
sensor system is always tracking the optical
markers attached to the surgical tool while the
instrument is displayed in the microscopic view;
normally, the optical tracking system is placed
independent from the surgical microscope, and
sometimes misses the tracking markers due to

Optical Tracking
Syste
y
Sensorr System
Patient

Monitor
Mon

(a)

Surgeon

(b)

&ŝŐƵƌĞ ϭ͗ A robot-assisted microscopic system (a) and
WINCAPS Ϫ (b).

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
We have proposed a robot-assisted microscopic
system for neurosurgery which is controlled by a
surgical tool with optical markers and have
confirmed the feasibility of the system by using
WINCAPS III software.
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A swallowable capsule to perform photodynamic therapy inside the
stomach
Giuseppe Tortora1, Giovanni Romano2, Barbara Orsini2, Franco Fusi2, Arianna Menciassi1
1) The BioRobotics Institute, Scuola Superiore Sant’Anna, Pisa, Italy. 2) Department of Experimental and Clinical Biomedical
Sciences “Mario Serio”, University of Florence, Florence, Italy.

1. Introduction
Helicobacter pylori (H. pylori) is a Gram-negative
microaerophilic bacterium that colonizes the mucus
layer of the stomach and duodenum. The prevalence
of the infection is more than the 50% of the world
population, up to 90% in developing countries. H.
pylori can cause several diseases such as chronic
gastritis, gastric and duodenal ulcers, gastric
lymphoma, adenocarcinoma, and extragastric
disorders [1]. Currently, H. pylori infection is treated
with a pharmacologic therapy consisting in a
combination of a proton pump inhibitor with two or
three antibiotics showing high failure rates; due to
several side effects and antibiotic resistance, the
efficacy of the pharmacologic therapy is reduced to
70-85% [1]. In order to overcome these limitations,
the photodynamic therapy (PDT) approach has been
explored for the treatment of H. pylori, who was
demonstrated to be sensitive to light at both red and
violet wavelengths (405-625 nm) when provided
2
sufficient dose (9-16 J/cm ) [2]. Up to now, the
proposed approaches to deliver light to the stomach
are highly invasive due to the use of modified
gastroscopes. In this work, the design of a wireless
swallowable capsule for providing PDT inside the
stomach is presented.
2. Methods
The swallowable capsule has been designed in
order to integrate all the necessary components and
considering size constraints for easing swallowability
(i.e. target dimensions are the ones of commercial
endoscopic capsules: diameter 11-14 mm; length 2631 mm). In addition, the design phase aimed at
maximising the total irradiated gastric area and
adapting components to the battery shape factor.
Preliminary experiments have been performed to
assess the eradication efficacy of the chosen LEDs
(outside the capsule) at the different wavelengths.
After growing on agar plates, a bacterial dispersion
in phosphate-buffered saline (PBS) corresponding to
a concentration of 800000 Colony Forming Units/ml
(CFU/ml) was prepared and irradiated in Petri dishes.
3. Results
The capsule is composed of an external shell, light
sources, a battery and a magnetic switch to power
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the device on before swallowing. In particular, the
capsule has been equipped with 8 LEDs in radial
symmetry. The LEDs are positioned on two internal
LED supports having dimensions of 6 mm x 6 mm x
4.5 mm embedding both LEDs and electronic
components. The power source consists in a 2L76 3
V Lithium cylindrical battery (160 mAh, 11.6 mm
diameter, 10.6 mm height) [3]. The preliminary in
vitro experiments demonstrated that the capsule
integrated with LED sources can provide the
required lighting power to kill the bacteria with an
efficiency up to about 96%.

Figure 1: Irradiation of the (625 nm) capsule inside
the stomach; assembled prototypes (Insets)
4. Discussion & Conclusion
In this work, an ingestible capsule for the
photodynamic treatment of H. pylori has been
proposed. As a first step, we confirmed the
feasibility of in vitro photodynamic therapy of H.
pylori, by means of tiny LEDs powered by a battery,
in a completely wireless approach. Further steps will
consist in animal experiments (mini-pigs) to assess
the capsule mechanical resistance, the overall safety
within the whole gastrointestinal tract and the
permanence time in the stomach antrum (i.e. with
the presence of peristalsis).
References
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The FUTURA robotic platform for USgFUS
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ΏdŚĞĂƵƚŚŽƌƐĞƋƵĂůůǇĐŽŶƚƌŝďƵƚĞĚƚŽƚŚĞƉĂƉĞƌ

1. Introduction

3. Results

Focused Ultrasound Surgery (FUS) is an earlystage, non-invasive therapeutic technology that
has the potential to change the treatment of many
medical disorders by delivering high-intensity
focused ultrasound (HIFU) energy onto the target
tissue for a local treatment. However, the limited
flexibility in therapy delivery of the commercial
FUS systems narrows its applicability to nonmoving and non-essential organs, mainly under
magnetic resonance imaging [1]. A roboticassisted approach may offer the chance to
overcome these limitations. Robotics in surgery
has led to improved task precision, dexterity, and
repeatability [2]. In FUS, robotics may also
represent the enabling technology for increase its
applicability by guaranteeing high flexibility.

The complete FUTURA procedure (ǤǤ target
identification, sonication and lesion assessment),
and the effective use of two US imaging probes
during lesion treatment have been carried out.

2. Methods
FUTURA system (www.futuraproject.eu) is an
autonomous, multi-functional and multi-robotic
assisted platform for USgFUS (Figure 1).

Figure 2: Workflow of the FUTURA procedure.

Synchronizing the HIFU transducer shot with the
US imaging acquisition (Ǥ.by using a PWM signal
for the HIFU generator) enables to monitor the
lesion progress during the sonication phase,
improving patient safety and procedural
repeatability (ǤǤ lesion accuracy lower than 1 mm
[3]). Optical assessments of the lesions confirm
the correctness of the procedure (Figure 3).

Robotic module:
diagnostic robot & therapeutic robot (ABB IRB 120
6 DoFs robotic arms with integrated ATI Mini45 F/T sensors)

Sensor module:
Localization system (Microsoft Kinect)
& environment scanner (NDI Polaris
Spectra)

3D US (4DC7-3/40) Convex probe &
Ultrasonix SonixTablet

Ultrasonix PA7-4/12
PA7 4/12 phased
array 2D probe

Monitoring modules:
3D ecographic system &
confocal 2D probe

Therapeutic
i module:
d l
HIFU transducer (Custom 16 channels
phased array FUS generator)

Figure 3: Optical images of the lesion induced by the HIFU
transducer during the sonication phase into a tissuemimicking phantom (A) and into ex-vivo tissues - porcine
liver- (B) and breast chicken (C).

4. Discussion & Conclusion

Figure 1: FUTURA platform.

If compared with the current state of the art, the
FUTURA platform guarantees high robustness,
flexibility and precision of FUS therapy, as well as
improving
safety
and
acceptability
of
multifunctional robotic platform. Using two
independent anthropomorphic manipulators
allows to maximize the flexibility of the FUS
procedure for organs targeting, sonication and
lesion assessment. In addition, the FUTURA
robotic integrated approach allows for safe
interaction and cooperation between robots,
patient and medical staff. In order to demonstrate
these unique features of the FUTURA platform,
several tests have been performed in Ǧ and
Ǧ static conditions by using home-made agar
phantoms and Ǧ tissues.

The preliminary features of FUTURA have been
demonstrated. Future work will be carried out to
assess the accuracy of USgFUS treatment under
dynamic condition and a qualitative temperature
estimation technique (ǤǤ, by means of
elastography) for the assessment of thermal
effects will be integrated in the analysis.
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dŽǁĂƌĚƐhŶŝǀĞƌƐĂůŽŶƚŝŶƵƵŵDĂŶŝƉƵůĂƚŽƌƐ
Ernar Amanov and Jessica Burgner-Kahrs
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Continuum manipulators possess the ability to
move along nonlinear paths and avoid obstacles in
confined environments. A variety of designs has
been proposed for medical applications [1]. The
two most successful representatives are tubular
and tendon-driven continuum robots. However,
both designs have some design inherent
restrictions: limited range of curvatures for
tubular and predefined segment lengths for
tendon-driven robots [2]. Hence, appropriate a
priori design parameter selection and workspace
optimizations are required for each specific
application. In this paper, we present a novel
manipulator design combining the advantages of
both robot designs: variable curvature and variable
segment lengths. 

Ϯ͘ DĞƚŚŽĚƐ
We propose a manipulator design which comprises
two segments concentrically nested inside of each
other. The inner segment is a conventional tendondriven manipulator. The outer segment is a
straight, elastic patterned tube. We apply an
alternating pattern in two bending planes with 90°
angular displacement (see Figure 1 right). Both
segments are actuated by two antagonistic tendon
pairs. Respective tendon routing channels are
integrated into the patterned tube wall. Both
segments can overlap such that the inner segment
dictates the curvature in the overlapping section.
The curvature of the non-overlapping section is
established by the outer patterned part. In contrast
to aforementioned continuum robots, each
segment can vary its length and curvature
independently resulting in 3 DOF per segment.
We built a first prototype which consists of a NiTi
tube (OD 0,8 mm, ID 0,54 mm, length 14 cm)
equipped with aluminum spacer disks (diameter 4
mm) for the inner segment. The outer segment (OD
9 mm, ID 5,7 mm, length 14cm) is manufactured by
3D printing from thermoplastic material (AR-M2,
Keyence GmbH, Germany). To ensure low-friction
sliding between both segments, we insert a latex
membrane (wall thickness ~0,3mm).
We adopted the kinematics model from Jones et al.
[3] based on the tip moment boundary condition.
This model was expended to two segments with
variable segment length. Using this model we
generate the workspace of our new manipulator
and compare it in terms of volume to a
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&ŝŐƵƌĞ ϭ͗ Manipulator prototype with two segments

conventional
two
segment
tendon-driven
continuum robot. The workspaces are computed
by generating 1 million random tip positions by
varying the bending angles in two planes and the
segment lengths. All geometrical and material
parameters were set equally.

ϯ͘ ZĞƐƵůƚƐ
Figure 1 illustrates our manipulator prototype in
different configurations. Our manipulator achieves
an increase of 28 % in workspace compared to a
conventional tendon-driven continuum robot.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
A novel continuum manipulator design with
variable section lengths and variable bending
angles with 6 DOF and only two segments was
proposed. It achieves a larger workspace than
conventional tendon-driven continuum robots
with fixed section lengths. In future work we will
miniaturize the manipulator in terms of its
diameter, extend the number of segments, and
evaluate the model accuracy. We foresee our
universal design for various applications, e.g.
surgical or inspection tasks.
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Minimally invasive biopsy and ablation of tumours
in the thorax and abdomen are typically
performed via a needle which is percutaneously
inserted to reach the target tissue. When real-time
ultrasound guidance does not suffice, a CT-guided
freehand method is employed, in which needle
manipulation and CT scanning are iterated to
reach an adequate position of the tip. Various
systems have been developed to achieve accurate
needle placement, but widespread clinical
adoption remains poor [1]. A novel, workflow
based system has been developed to not only get
the needle from A to B, but to be clinically
acceptable, widely applicable and usable in the
current clinical setting. We present a prototype of
the system and results of a preliminary
performance assessment.

mm) Covidien EMprint MicroWave Ablation
antenna and a Siemens Somatom Force CT
scanner were used. The placement error was
measured as the Euclidean distance between the
needle tip and the target in a set of CT images
(0.9x0.9x1.0mm voxels) acquired after placement.

ϯ͘ ZĞƐƵůƚƐ
All three operators successfully used the system
and reached their target in a single insertion with
<4mm error at depths of 115mm, and using 3 CT
scans per target: 1x for initial path planning and
determination of the skin entry point, 1x for
registration of the OM and final path planning, and
1x for verification after needle placement.

Ϯ͘ DĞƚŚŽĚƐ
The system’s strategy is to align a needle guide
with a target for physical guidance of the needle
during manual insertion. It is divided into an
orientation module (OM) which includes an
automated 2-DOFs remote centre of motion (RCM)
mechanism to align the needle guide and a locking
module (LM) which connects the OM to the CT
patient table. The OM is freely placeable by hand
around the patient to coincide its RCM with the
desired skin entry point and push button lockable
by the LM. Patient and OM are CT scanned for
automatic registration of the OM in the CT
coordinate system using incorporated fiducial
markers, and for final path planning from RCM to
target by the physician. After automatic aiming,
the needle is manually inserted through the
needle guide to specified depth.
Fig. 1 shows the realized prototype of the system
in an experimental setting to assess its usability
and performance in terms of placement error and
number of CT scans. Three operators each used
the system to reach a point target in a static gel
phantom of the liver and surrounding tissue in a
mannequin torso. A 20 cm long, 13 gauge (Ø2.4

&ŝŐƵƌĞϭ͗Prototype in action in the experimental setting.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The achieved placement errors suffice for the
ablation of liver tumours and the system has
received positive response from clinical
representatives. A more extensive phantom study
and first clinical trial are in preparation to assess
the use of the novel system in comparison to the
freehand method.

ZĞĨĞƌĞŶĐĞƐ
[1]

M.M. Arnolli, N.C. Hanumara, M. Franken, D.M. Brouwer
and I.A.M.J. Broeders, "An overview of systems for CTand MRI-guided percutaneous needle placement in the
thorax and abdomen," Int J Med Robot, vol. 11, pp. 458475, 2015.
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ĞŶƚƌǇƉŽŝŶƚƉůĂŶŶŝŶŐĂůŐŽƌŝƚŚŵ
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1) Austrian Center for Medical Innovation and Technology (ACMIT), Wiener Neustadt, Austria, wolfgang.ptacek@acmit.at.
2) Institute of Forensic Medicine, University of Zurich, Zurich, Switzerland.



ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ

ϯ͘ ZĞƐƵůƚƐ

Post-mortem computed tomography (PMCT)
guided placement of co-axial introducer needles
allows for the extraction of tissue and liquid
samples for histological and toxicological analyses.
Automation of this process can increase the
accuracy and speed of the needle placement,
thereby making it more feasible for routine
examinations. A system that is able to perform
automated
CT-based
post-mortem
needle
placement and new trajectory planning software
was presented in 2012 [1]. To speed up the
planning process and increase safety, we
developed an algorithm that calculates an optimal
entry point and end-effector orientation for a
given target point, while taking constraints such
as accessibility or bone collisions into account.

In most cases, the algorithm is sufficiently fast
with approximately 5-6 seconds per entry point.
This is the case if there is no collision between the
end-effector and the body. If the end-effector has
to be rotated to avoid collision, calculation times
can increase up to 24 seconds.

Ϯ͘ DĞƚŚŽĚƐ
A linear trajectory for robotic needle placement
using one of these systems requires three input
parameters. First, the target needs to be defined.
Second, the entry point on the skin has to be
defined. A number of constraints have to be
considered, as insertion angle, insertion depth,
bone collisions and collisions with already placed
needles must be limited. Third, the final
orientation (rotation around the needle axis) of
the biopsy module mounted to the robot has to be
defined. The algorithm identifies the best entry
point for needle trajectories in three steps. First,
the source CT data is prepared and bone as well as
surface data are extracted and optimized. All
vertices of the generated surface polygon are
considered to be potential entry points. Second, all
surface points are tested for validity within the
defined hard constraints (reachability, bone
collision as well as collision with other needles)
and removed if invalid. All remaining vertices are
reachable entry points and are rated with respect
to needle insertion angle. Third, the vertex with
the highest rating is selected as the final entry
point, and the best end-effector rotation is
calculated to avoid collisions with the body and
already set needles.
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&ŝŐƵƌĞ ϭ͗ &ŝŶĂůƚƌĂũĞĐƚŽƌǇ;ŐƌĞĞŶ ůŝŶĞͿĂĨƚĞƌĐĂůĐƵůĂƚŝŶŐƚŚĞ
ďĞƐƚƌŽƚĂƚŝŽŶŽĨƚŚĞĞŶĚͲĞĨĨĞĐƚŽƌ͘

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The automatic planning of entry points removes
the most difficult and time-consuming portion of
the trajectory planning workflow as the algorithm
allows for fast and facilitated trajectory planning
and therefore makes it easier to deploy the robot
on a routine basis. An example could be the
automated tissue extraction of many samples for
histological and toxicological studies [2]. 

ZĞĨĞƌĞŶĐĞƐ
[1] L. C. Ebert, W. Ptacek, R. Breitbeck, M. Fürst, G. Kronreif,
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future of automated surface documentation and CTguided needle placement in forensic medicine,” Forensic
Sci. Med. Pathol., Jan. 2014.
[2]

S. N. Staeheli, D. Gascho, J. Fornaro, P. Laberke, L. C. Ebert,
R. M. Martinez, M. J. Thali, T. Kraemer, and A. E. Steuer,
“Development of CT-guided biopsy sampling for timedependent postmortem redistribution investigations in
blood and alternative matrices—proof of concept and
application on two cases,” Anal. Bioanal. Chem., pp. 1–10,
Dec. 2015.
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Follow-the-Leader Deployment: a Mechanical Approach
Paul W.J. Henselmans1, Tim Krijger1, Paul Breedveld1
1)

BioMechanical Engineering, Delft University of Technology, Delft, the Netherlands, p.w.j.henselmans@tudelft.nl.

1. Introduction
Natural Orifice Transluminal Surgery (NOTES)
strives to reduce the invasiveness of surgery by
using the body’s natural orifices (e.g. nose, mouth
or anus) as the surgical entry-point. The
encountered curved anatomy does, however, pose
special demands on the used instrumentation. This
is especially evident during Endonasal Skull Base
Surgery (ESBS). In this procedure the nose is used
as an entry-point for reaching the human skull
base. The skull base is a highly dense and complex
anatomical area that cradles the brain and houses
a network of delicate arteries and nerves. In such a
cluttered and delicate environment, it would be
beneficial if an instrument is capable of avoiding
obstacles by progressing forward along a
non-linear path.
Progressing an instrument forward along a
non-linear path is referred to as Follow the Leader
(FTL) deployment. FTL deployment is best
compared with the locomotion of a snake that
steers its head while the rest of its body follows.
To enable FTL deployment, the desired path has to
be memorized. There are already several
instruments capable of FTL deployment, like the
CardioArm and concentric tube robots [1, 2]. These
are robotic solutions that rely on a computer for
control and/or to memorize the desired path.
Medical robotic systems are, however, quite
expensive and difficult to sterilize. We therefore
propose a fully mechanical solution to FTL
deployment by memorizing the desired path on a
copper rod.

2. Methods

3. Results
A prototype based on the presented mechanism is
currently under development. Its probe has a
diameter of Ø 6mm, 14 segments, and a total of 28
DOF (Degrees of Freedom). A mechanism of gears
and gear racks makes it possible to progress the
entire instrument forward while simultaneously
pulling the rod is through the handle. This makes
the prototype a fully mechanical system.

Figure 1: A schematic representation of the mechanical FTL
deployment. a) The mechanism and all its components.
b) Steering the probe. c) The entire mechanism is
progressed forward (Si) while the rod is pulled through the
handle with the same speed (Sr).

4. Discussion & Conclusion

The proposed mechanism consists of a segmented
handle and probe (Fig. 1a). These are connected to
each other via cables in such a manner that the
probe mirrors the shape of the handle. A copper
rod is placed in the centre of the handle, copying its
shape. FTL deployment can now be realized in the
following steps:
Steering: The handle’s tip is deflected to steer the
tip of the probe, simultaneously deforming the rod
(Fig. 1b).
Progression: The entire mechanism is moved
forward (Si), while the rod is pulled through the
handle with the double the speed (Sr) (Fig. 1c). The
bend in the rod now deforms the next segment of
the handle, consequently re-shaping the probe.
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Through these steps, the deflection in the probe
remains stationary while the probe itself is
translated forward. Moreover, as the path is stored
on the rod, the process is reversible making it
possible to retract the probe along the same path.

The dense and delicate environment of the human
skull base implies the need for instruments capable
of FTL deployment. We proposed a fully
mechanical system by storing the covered path on
the deformable copper rod.

References
[1].
[2].

Ota, T., et al., A Highly Articulated Robotic Surgical
System for Minimally Invasive Surgery. The Annals of
Thoracic Surgery, 2009. 87(4): p. 1253-1256.
Gilbert, H.B., J. Neimat, and R.J. Webster, Concentric
Tube Robots as Steerable Needles: Achieving Followthe-Leader Deployment. IEEE Transactions on
Robotics, 2015. 31(2): p. 246-258.
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Modular patient specific toolset for total hip arthroplasty
Samuel Müller1, Manuel Krämer2, Michael Utz3, Christof Hurschler2, Lüder A. Kahrs1, Tobias Ortmaier1
1) Institute of Mechatronic Systems, Leibniz Universität Hannover, Hannover, Germany, samuel.mueller@imes.unihannover.de. 2) Laboratory for Biomechanics and Biomaterials, Hannover Medical School, Hannover, Germany, 3) Aesculap
AG, Tuttlingen, Germany

1. Introduction

3. Results

Patient specific instruments (PSI) are clinically
available to support surgeons in several orthopedic or trauma interventions. They are an alternative to conventional and image-guided surgery
techniques. However cost and time efficiency,
accuracy, usability and benefit for the patient are
still controversial discussed. A special use case is
total hip arthroplasty [1], because additional
challenges arise in comparison to more
established PSI surgeries e.g. restricted access and
extensive cartilage layer. We suggest a modular
toolset for total hip arthroplasty to address these
challenges and to ensure a convenient, accurate,
fast and efficient surgery even for unexperienced
surgeons.

2. Methods

The introduced modular toolset was successfully
tested during multiple lab and cadaver trials
(Figure 2). As expected there is a trade-off
between usability and stability. Increasing the
height and decreasing the surface of the K-wire
module leads to low soft tissue interactions and
increased usability but also decreases the overall
stability of the system due to higher torques.



The inner surface of the acetabulum is used as
geometric reference for the surgical instruments.
Based on a pre-operative planning to archive an
optimal orientation of the implant [2] a cylinder is
aligned on an optimized negative shape of selected parts from the acetabulum. The cylinder is
further used to align a tool adapter (Part , Fig. 1)
which is fixated on the pelvis using K-wires. The
K-wire module contains multiple guiding holes to allow the
Ă
surgeon the decision over position and number of K-wires
(Part , Fig. 1). Afterwards
instrument guides (Part , Fig.
1) can be easily attached to the
K-wire module to align
ď
instruments like a reamer or
an impactor. Those instruments can be inserted sideways over an opening in the
guide module. Different diaĐ
meters of the instruments
prevent escaping of the shaft
during application.
Figure 1: Modules of the proposed toolset. Part Ă is for
instrument (reamer, impactor) guidance and connects to
Part Đ, the K-wire module. To initialize the pose of the
toolset, Part ď (together with a cylinder mounted on an
optimized negative shape of the acetabulum) was
connected to Part Đ and fixated to the pelvis.



Figure 2: Employment of the suggested toolset in a
cadaver study, using the two different tool guides.

4. Discussion & Conclusion
The concept as well as the usability of the system
has been proven, further work is needed to
statistically evaluate the accuracy benefit of the
system in comparison to conventional total hip
arthroplasty and to other state-of-the-art PSIs. An
optimization of the adapter module is necessary.
Therefore further cadaver trials will be
performed.
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Design and Optimization of a Handheld Adjustable Constant Force
Device for Fiber Optics Reflectance Spectroscopy on Human Skin
WĂƚƌŝĐĞ>ĂŵďĞƌƚϭ͕:ƵƐƚ>,ĞƌĚĞƌϮ
ϭͿWƌĞĐŝƐŝŽŶĂŶĚDŝĐƌŽƐǇƐƚĞŵƐŶŐŝŶĞĞƌŝŶŐ͕dhĞůĨƚ͕ĞůĨƚ͕dŚĞEĞƚŚĞƌůĂŶĚƐ͕Ɖ͘ůĂŵďĞƌƚΛƚƵĚĞůĨƚ͘Ŷů͘ϮͿWƌĞĐŝƐŝŽŶĂŶĚ

DŝĐƌŽƐǇƐƚĞŵƐŶŐŝŶĞĞƌŝŶŐ͕dhĞůĨƚ͕ĞůĨƚ͕dŚĞEĞƚŚĞƌůĂŶĚƐ͘

1. Introduction
Fiber optics reflectance spectroscopy uses the
scattering of light on human skin or other tissues
for medical diagnoses. During measurements, the
fiber probe must stay in contact with the tissue and
it has been reported that the applied pressure
influences the reflectance spectrum and therefore
must be known and kept as constant as possible
[1]. This abstract presents a novel handheld device
that keep an adjustable and constant force between
the handle and the contact surface, regardless of
the relative motion between the patient and the
operator. The device is fully passive, without use of
electronics, and is calibrated to apply any pressure
between 0 mmHg and 240 mmHg on the human
skin.

2. Methods
A model of the handheld constant force device is
shown in Fig.1. Constant force is achieved by
connecting in parallel a positive and negative
stiffness generated by two springs and a linkage.
The positive and negative stiffness units are made
of a total of 11 pin joints of 2mm diameter using
PTFE/Teflon as sliding surfaces for use in clinical
environment. The rest position of the spring in the
positive unit can be adjusted to the desired
resulting constant force. The spring constants are
50N/m for both springs and the contact point can
move up to 3 cm. This result in a constant force
adjustable between 0 N and 2.5 N applied on a 1cm
diameter circular surface. A higher maximal force
could be achieved by using stiffer springs if needed.

A model of the reaction forces generated by the
springs on the pin joints and the resulting friction
was created. This model was then used to optimize
the geometrical parameters of the constant force
mechanism in order to minimize the effect of
friction felt at the applier tip. Ten geometrical
parameters (such as offsets between perpendicular
joints, length of pins, length of plates, etc..) were
optimized while respecting constraints regarding
the technical feasibility and the compactness of the
mechanism.

3. Results
The optimization allowed us to reduce the friction
by approximately a factor of three compared to our
original design. Fig. 2 shows the percentage of force
due to friction when the device operate at 2.5 N. For
a friction coefficient of P = 0.05, it can be seen
that the friction felt at the force applier is less than
1% of the maximal force.



4. Discussion & Conclusion
A novel adjustable constant force applier was
shown, using only passive elements such as
linkages and springs, without electronics. PTFE pin
joints were used for bio-compatibility and a model
of the reaction forces and of the effect of pin friction
on the output force was used to optimize the
mechanism dimensions. This handheld device
could be used for pressure sensitive cutaneous
spectroscopy or other medical applications
requiring a constant force applied on the skin. 
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Figure 1: ,ĂŶĚŚĞůĚ ĂĚũƵƐƚĂďůĞ ĐŽŶƐƚĂŶƚ ĨŽƌĐĞ ĂƉƉůŝĞƌ
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Manual control of a tip articulated needle
Nick J. van de Berg1 and John J. van den Dobbelsteen1
1)

BioMechanical Engineering, Delft University of Technology, Delft, The Netherlands, N.J.P.vandeBerg@TUDelft.nl

1. Introduction
The possibilities to actively steer needles towards
deep seated targets have been explored in the
past. These explorations typically use a robotic
system to cope with the non-intuitive navigational
constraints of a needle that is fully embedded in
tissue. Manual controllable needles have also been
presented, but their functionality is assessed
separate from the human operator; i.e. with a
linear stage for the insertion motion. This article
compares insertions of a tip articulated needle in
an automated setting to manual operation.

2. Methods
The needle, shown in Fig. 1, consists of a cannula,
and a retractable stylet. The cannula has a flexure
joint near the tip that can be operated by means of
a thumb interface at the handle.
Insertions were performed in 8 wt.% gelatin,
during which the tip paths were tracked with a
camera (FL3-U3-13E4C-C, Point Grey, CA). Images
were filtered by subsequently; 1) subtracting each
frame by the first frame to scan for relative
motions, 2) applying a thresholding function to
convert the frames to binary data, and 3) remove
remaining noise with an area opening function.
The tip position was defined as the lowest point
found in the frame.
Five steering directions (n=10): left, right, front,
back, and central, were randomly assigned to the
experimental runs. In the automated trials, linear
stage (EGSL-BS-55-250-12.7P, Festo, DE) strokes
were executed at 10 mm/s, to a depth of 100 mm.

Figure 1: Tip articulated needle handle, with thumb
controller and conical tip with flexure joint.

The manual runs were image guided, using a
direct video stream from the camera. Targets
were visualized at a lateral distance of 20 mm
from the straight path, using the same steering
directions. Presented are the mean absolute error
and the standard deviation (std).

3. Results
In Fig. 2 the tip paths are visualized for insertions
by stage (blue) and by hand (orange). The overall
spread (std) in end-points during automated
insertions was found to be 1.4 mm. The error
(mean ± std) with respect to the set targets in the
manual insertion tasks was 0.5 ± 1.1 mm.

4. Discussion & Conclusion
This study illustrates the possibility to operate a
manually controlled, tip articulated needle in a
simulant tissue under image guidance. Device
functionality under different circumstances will be
investigated in the near future.

Figure 2: Tip paths during insertions by stage (blue) and by hand (orange). The lighter patched surface shows the spread in
tip position data (2x std for visibility). Target lines are visible in black for the manual runs.
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ĞǀĞůŽƉŵĞŶƚŽĨĂŵŝŶŝŵĂůůǇŝŶǀĂƐŝǀĞĞƉŝĐĂƌĚŝĂůůĞĂĚĚĞůŝǀĞƌǇĚĞǀŝĐĞ
Otmar Klaas1, Marleen Ruijter1, Anne de Jager1, Hernes Jacobs1, Benno Lansdorp1, Theo J. Klinkenberg2,
Massimo A. Mariani2
1) DEMCON Advanced Mechatronics, Enschede, The Netherlands Otmar.klaas@demcon.nl 2) Cardiothoracic center, University
Medical Center Groningen, Groningen, The Netherlands.

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Successful Cardiac Resynchronization Therapy
(CRT) is an established treatment for patients with
heart failure. The often used transvenous
procedure has a high rate of non-responders, 30%,
in a large part due to suboptimal placement of the
left ventricular lead.1 An alternative approach is
epicardial placement of the left ventricular lead by
Video Assisted Thoracic Surgery (VATS) which has
shown to result in better lead placement
(response) and lower rate of thrombosis and
infections.2,3 However, a lack of appropriate
instruments causes this procedure to be
unnecessarily difficult.
The goal of the project is to develop and validate a
new delivery device: suitable for minimal invasive
surgery, easy to handle and with functionality nontraumatic temporary stabilization. This will help
the surgeon to place the lead in the most optimal
pacing site and thereby reduce the percentage of
non-responders to the CRT therapy.
In this abstract 2 proofs-of-principles (POPs) are
introduced.

POP2 (fig1) approaches the heart via a sub-xiphoid
route. Here only 1 entry point is used. This requires
tools and the scope to go through POP2. After using
the suction cup to stabilize, a rotating cutter cuts
the pericardium. Using its 1300 articulation the
device is navigated to the epicardium. The tip is
then stabilized on the heart where the lead is
screwed in.

ϯ͘ ZĞƐƵůƚƐ
Tests were performed on a cadaveric pig heart as
well as a cadaveric human at the UMCG skills lab.
The workflow, suction, fixation and ergonomics
were evaluated and both devices worked as
designed.
This method of multiple quick proof of principle
iterations resulted in clear feedback from clinicians
about device specifications and preferred
workflows.

Ϯ͘ DĞƚŚŽĚƐ
Through a thorough analysis of the surgical
workflow, two POPs were developed which each
use a different approach.
POP1 is a device which allows for an intercostal
approach to the heart. In this procedure three
trocars are used for the camera, instrumentation
and the tool. The device articulates 900 and can be
rotated to accurately position it to the heart. Then
a flexible suction cup is used at the tip to
temporarily stabilize the tool to the myocardium
using vacuum. The lead with nitinol hooks is
fixated by shooting it into the myocardial wall of
the left ventricle.


&ŝŐƵƌĞϯ͗POP1 is shown being tested on a cadaveric heart.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The vacuum fixation of both devices vastly
improved the ease of performing the procedure.
POP1 had a greater focus on ergonomics and ease
of use, which if combined with the added
functionality of POP2 could make for a great first
prototype. However, more statistical data needs to
be collected on the performance and animal studies
should be done to test the devices on a beating
heart.

ZĞĨĞƌĞŶĐĞƐ

&ŝŐƵƌĞ ϭ͗ POP2 with labels showing (A: suction cup, B:
articulation, C: unfold suction cup, D: vacuum supply and
control, E: instrument port, F: articulation control.)
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W. Mullens, et al. “Insights From a Cardiac
Resynchronization Optimization Clinic as Part of a Heart
Failure Disease Management Program.” J. Am. Coll.
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T. Stoker, et al. “Video-assisted implantation of a left
ventricular lead and intrathoracic tunneling to a right-
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A Novel Clip Applier: Percutaneous 3 mm Shaft, Bigger Effective
Length, Bigger Opening, Locking Mechanism and Atraumatic
Yoav Mintz1 Yinon Shapira2, Adrian Paz2, Yehuda Bachar2
ͷȌ ǡ  ǡ ǡ ǡȌ 


1. Background
The trend towards minilaparoscopy and scarless
surgery is gaining acceptance, as more
instruments are developed to enable this
approach. The main concept is to decrease the
incidence of wound related complications like
bleeding, infection, trocar site hernia, pain and
scarring. The limiting factor of instrument
diameter is the size of the end effector, hence
inserting large clips through small percutaneous
incisions is problematic.

2. Aim
Our aim was to developed a percutaneous clip
applier containing larger than the standard clips,
have a larger opening and has a secure locking
mechanism.

3. Description of the technology
The Secure® 3mm clip applier (figure 1) has a
3mm shaft that is inserted percutaneously in a
“Veress-like” technique. It contains 10 clips, which
have an effective length of 11 mm (standard
medium large clip have 7-8 mm effective length).
The opening of the clip is larger than all available
clips on the market, which allows encompassing
more tissue, and the closure is secured by a
locking mechanism. A novel spring like
mechanism ensures atraumatic tightness of
closure when clipping small and large vessels
ranging from 1-10 mm diameter.


Figure 1: The 3 mm Clip applier is opened and ready for
clipping. The locking mechanism, and spring like ribs for
atraumatic closure can be seen.

5. Discussion & Conclusion
Minimizing the incisions length in Minimally
Invasive Surgery is a growing trend. Instruments
like the 3 mm clip applier are necessary to enable
such an approach and further instruments
especially energy instruments should also be
developed in the future. 



4. Results
Bench top studies were performed to assure
mechanical strengt hand grip force. Follwing these
tests live animal studies were successfully
performed and will be presented. First In Men
studies are planned for Q1 2017.
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ŽŶƚĞǆƚͲĂǁĂƌĞŵĞĚŝĐĂůĂƐƐŝƐƚĂŶĐĞƐǇƐƚĞŵƐŝŶŝŶƚĞŐƌĂƚĞĚƐƵƌŐŝĐĂů
ĞŶǀŝƌŽŶŵĞŶƚƐ
^ƚĞĨĂŶ&ƌĂŶŬĞϭ͕DĂǆZŽĐŬƐƚƌŽŚϭ͕ƌŝŬ^ĐŚƌĞŝďĞƌϭ͕:ƵůŝĂŶĞEĞƵŵĂŶŶϭ͕dŚŽŵĂƐEĞƵŵƵƚŚϭ
1)

Innovation Center Computer Assisted Surgery, Universität Leipzig, Leipzig, Germany, stefan.franke@iccas.de.



ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
In modern integrated ORs, the medical devices
and systems provide shared interfaces and remote
control [1]–[3]. However, they show only very
limited cooperative behavior, especially in terms
of cooperation with the surgical team. To
implement intelligent system's behavior, the
devices need to be aware of their actual
application context. In this work, we present a set
of context-aware assistance systems for ENT
surgery. These applications combine concepts of
OR device integration, surgical workflow tracking
and modeling, as well as behavioral rule sets to
establish a surgical working environment that
actively cooperates with the surgical team.

on the surgical situation. To support patient status
tracking and postoperative documentation,
automated screenshots are generated and
provided in a patient status documentation tool
(FessBoard). The phantom demonstration setup is
depicted in figure 1.



Ϯ͘ DĞƚŚŽĚƐ
The intelligent assistance was implemented in an
integrated surgical environment based on the new
set of IEEE 11073 standards for device interoperability developed in the OR.Net project [3].
For intelligent applications, surgical processes
must be mathematically modelled in multiple
perspectives. We implemented a network of
process models covering a large variety of
perspectives, proposed in [4]. The processing of
the network is triggered by workflow recognition
data gathered from device states as well as a
modified instrument table suggested in [5]. These
data were aggregated and consolidated to derive
the actual low-level work step with a rule-based
approach. Based upon that, the process model
network continuously generated hierarchically
structured contextual information. Medical
devices and systems may consume the contextual
information to adapt their parameterization and
behavior based on sets of rules [6].

&ŝŐƵƌĞϭ͗dŚĞĚĞŵŽŶƐƚƌĂƚŝŽŶƐĞƚƵƉǁŝƚŚƐĐƌĞĞŶƐŚŽƚƐŽĨƚŚĞ
ǀŝĚĞŽƐǁŝƚĐŚŝŶŐƚŽŽů;ůĞĨƚͿĂŶĚƚŚĞ&ĞƐƐŽĂƌĚ;ƌŝŐŚƚͿ͘

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The presented applications for ENT surgery are
designed to optimally support the OR team during
the intervention. The amount of manual
interaction is significantly reduced by (semi-)
automatic adaptations and context-aware information provision. The setup demonstrates the
feasibility of the approach for intelligent assistance in integrated surgical environments.

ZĞĨĞƌĞŶĐĞƐ
[1]
[2]

[3]

ϯ͘ ZĞƐƵůƚƐ
A set of intelligent assistance functionalities was
implemented for Functional Endoscopic Sinus
Surgery. These included the automated switching
of the primary video source between preoperative
data, navigation, and endoscopic image. At the
beginning and the end of the actual endoscopy, the
OR light conditions are automatically adapted.
Additionally, configuration profiles and device
parameter adjustments are proposed depending
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P. R. Koninckx, A. Stepanian, L. Adamyan, A. Ussia, J.
Donnez, and A. Wattiez, “The digital operating room and
the surgeon,” Gynecol. Surg., vol. 10 (1), pp. 57–62, 2013.
M. Köny, J. Benzko, M. Czaplik, B. Marschollek, M. Walter,
R. Rossaint, K. Radermacher, and S. Leonhardt, “The
Smart Operating Room: smartOR,” Distrib. Netw. Intell.
Secur. Appl., p. 289, 2013.
M. Kasparick, S. Schlichting, F. Golatowski, and D.
Timmermann, “New IEEE 11073 standards for
interoperable, networked point-of-care Medical Devices,”
in Proc. of 37th IEEE EMBC 2015, pp. 1721–1724.
S. Franke, J. Meixensberger, and T. Neumuth, “Multiperspective workflow modeling for online surgical
situation models,” J. Biomed. Inform., vol. 54, pp. 158–166,
2015.
B. Glaser, S. Dänzer, and T. Neumuth, “Intra-operative
surgical instrument usage detection on a multi-sensor
table,” Int. J. Comput. Assist. Radiol. Surg., vol. 10, no. 3, pp.
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S. Franke and T. Neumuth, “Rule-based medical device
adaptation for the digital operating room,” in Proc. of
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Situation-Based Extraction of Medical Device Activity for Adaptive
OR Task Management
ZŝĐŚĂƌĚŝĞĐŬϭ͕^ƚĞĨĂŶ&ƌĂŶŬĞϭ͕ƌŝŬ^ĐŚƌĞŝďĞƌϭ͕:ƵůŝĂŶĞEĞƵŵĂŶŶϭ͕dŚŽŵĂƐEĞƵŵƵƚŚϭ
1)

Innovation Center Computer Assisted Surgery, University Leipzig, Leipzig, Germany, richard.bieck@medizin.uni-leipzig.de



1. Introduction

3. Results

Advancing technology inside the integrated
operating room (OR) is faced with an increasing
amount of heterogeneous data from the patient,
medical devices (MD) and the clinical
environment [1]. Research approaches focus on
extending medical systems to facilitate knowledge
management, context information and learning
strategies to achieve situational awareness [2].
Traditionally, a surgical situation is examined
from different perspectives, e.g. patient, procedure
and resources, to include all possible features and
relations in a process model [3, 4]. Yet, the
perspective of MD activity is only sparsely
considered. This is mainly due to limited
recognition capabilities and extractable real-time
information. With the extension of IEEE 11073
standards over the course of large-scale projects
like OR.Net this gap could potentially be closed as
manufacturers are encouraged to formalize their
MD specifications [5]. In this paper we propose a
terminology for MD activity extraction from
surgical procedures to calculate MD-specific
processes
and
improve
inter-device
communication and functionality transfer.

2. Methods
We defined MDs as hard- and software systems
with at least two distinct system components
interconnected with each other, e.g. a bipolar
having an actuator and current control
component. We then defined a terminology with
main concepts adopted and abstracted from the
surgical activity definition approach of [6].
Adopted concepts were   and ,
abstracted concepts were     ( ),
 
 () and 
(  ). Additionally, two abstract
activity concepts were introduced to support the
investigation of OR self-awareness and autonomy,
and system task characteristics within the medical
device process. The concept ̸  is
inspired by the MAPE-K control loop architecture
and contains the entities “monitor”, “analyze”,
“plan” and “execute” [7]. The  ̸
concept relates to the domain-specific function a
MD is enacting, e.g. patient monitoring.

We applied our terminology on surgical activities
from brain tumor resection procedures and
succesfully extracted and characterized MD
activities. One example beeing: tracking system
(MD), optical sensor (MD component), register
(action), 150 (time), localization (task), analyze
(task functionality), navigation (medical purpose).

4. Discussion & Conclusion
To our knowledge this is the first proposal of a
medical device-focused work step definition in the
OR. Although extracted from surgically-focused
procedures the overall concept shows great
potential for the investigation of device-specific
procedure-dependent processes. A series of
individual MD processes may provide “building
block”-like functionality for intelligent MD
combinations in the OR. However, the activity
extraction study needs to be extended and used to
calculate device-specific processes and should
ultimately be replaced by actual device-specific
procedure
recordings.
Furthermore,
the
terminology needs to be evaluated and should be
connected
to
standard
terminologies.
Nonetheless, the shared   and  concepts
possibly allow a mapping of a surgeon`s activity to
the respective device-specific activity.
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Implementation of Intel RealSense on PACS; contribution of gesture
based interface for intraoperative surgical decision making
Kitaro Yoshimitsu1, Shinji Chiba1, Takashi Maruyama1, 2, Toshiro Tanaka3, Shinichiro Sato3,
Kenichi Yoshita3, Jennifer.M.Esposito4, Yuka Shimizu5, Ken Masamune1, and Yoshihiro Muragaki1, 2
1) Faculty of Advanced Techno-Surgery, Tokyo Women’s Medical University, Tokyo, Japan. yoshimitsu.kitaro@twmu.ac.jp 2)
Department of Neurosurgery, Tokyo Women’s Medical University, Tokyo, Japan 3) Yokogawa Medical Solutions Corporation,
Tokyo, Japan 4) Sales and Marketing Group, Intel Corporation, OR, USA. 5) Sales and Marketing Group, Intel K.K., Tokyo, Japan.

1. Introduction
Information guided surgery has been performed
in any field of surgery aiming effective surgical
therapy. Operating surgeons refer surgical
information intraoperatively when they must
make significant decision during procedure.
However, operating surgeons cannot manipulate
medical equipment and systems by themselves in
operating filed because they wear sterilized
groves. This fact brings stress to the operating
surgeons and they feel dilemma by asking
circulating staff to manipulate the information
data. The goal of this research is implementing
gesture based interface on commercially available
picture archiving and communication system
(PACS) for enabling operating surgeons to
manipulate medical image data intraoperatively
by themselves.

bottom of the screen to notify the operator that
their hand is successfully under detection. Three
volunteers completed 5-item questionnaire to
evaluate system usability after usage. The mean
score was 4.26 +/- 0.52 (from 1 (bad) to 5
(excellent)). They additionally left feedback
comments that graphical notifications for
operators were cheap, especially graphical actions
after motion detections. They also hoped to have
more types of motion such as drag and drop to
select series of DICOM for dealing the application
intuitively.

2. Methods
Intel RealSense (SR300, Intel Corporation) was
installed into commercialized general PACS
application (ShadeQuest, Yokogawa Medical
Solutions Corporation). The RealSense has a builtin infrared depth camera which is capable to
capture operator’s hands. Our experiences
utilizing Kinect for Windows (Microsoft
Corporation) for OPECT system [1] and Kinect
driven previous version of PACS [2] allowed
operating surgeons to quick-check of key medical
images by themselves in operating field. Thus, the
gesture based interface resulted promising
possibility for appropriate and optimized decision
making during procedure. While Kinect forced
surgeons to leave approximately 2m for gesture
control, RealSense’s ideal detecting range is 1 ~
1.5m and surgeons are able to manipulate medical
images close to the PACS monitor.

3. Results
Operator’s hand motions were assigned to the
keyboard shortcut in PACS application. Surgeons
swipe their right hand left/right to scroll CT/MR
slices and swipe up to switch the controllable
series of DICOM (Fig. 1). Hand’s green silhouette
was displayed in distinguished area on the right-
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Figure 1: Full screen of PACS application during RealSense
driven manipulation. Operator’s hand is silhouetted green
under detection.

4. Discussion & Conclusion
Intel RealSense was installed into PACS as a
gesture based interface aiming operating surgeons
to manipulate DICOM data without using any
devices. From the results of the user experience,
though the system still had graphical issues for
improvement, the proposed work showed
promising results and potential for being adapted
as part of information guided surgery.
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Nowadays, process models (PMs) can be utilized
in a variety of possible applications, e.g. workflow
analysis,
optimization,
prediction
and
management [1-2]. To generate a PM, workflows
(WFs) of individual treatments (e.g. surgeries of
the same type) are merged into a single PM [1].
Such a generic model represents the whole
treatment process with all its possible activities
and their corresponding probabilities of
succeeding
each
other.
A
fundamental
prerequisite for PM generation and further
processing is the accessibility to WFs. The XMS
architecture, which is based on the IHE XDS
integration profile, constitutes a web service
based solution to distribute WFs and PMs
between devices, departments and institutions
[3]. However, besides distributing WFs and PMs a
method to generate case-specific PMs from a
repository is required.

Ϯ͘ DĞƚŚŽĚƐ
To provide a solution to remedy this lack of
functionality, the XMS infrastructure was
supplemented with a method to pass required
information to the repository and generate a case
specific PM from a set of WFs. Besides WFs, the
treatment type, the case id as well as the patient id
of the treatment, the PM will be used for, are
required. In order to ensure simplicity and
interoperability of this method, a common, well
established standard from the clinical field was
mandatory. Since interoperability of medical
devices from different manufacturers was
implemented and demonstrated in the German
OR.NET project by using the ISO/IEEE 11073
standard family [4], the 11073 standard family
seemed well suited for the given use case. During
the OR.NET project, additional standards were
developed to amend the existing ones. These
newly developed standards were officially
accepted as work items by IEEE in fall 2014 and
were identified as well suited to supplement the
XMS infrastructure.

PM generation. Subsequently, two new message
types could be derived to initiate PM generation
from other devices and pass the results back to
the initiator. The supplemented infrastructure
allows the generation and distribution of PMs and
integrates clinical repositories for PMs and WF
management components in the OR. To ensure
system and device interoperability IEEE standards
were utilized.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The proposed infrastructure supports among
others context-aware information systems and
workflow-driven documentation applications [5].
Many of these applications rely on information
about the performed surgical procedure, for
instance possible ways of enactment, resource and
information
requirements,
or
essential
participants, which are encoded in PMs (see Fig.
1). Thus, the infrastructure represents an
important standard conform tool for any
application generating or using process models.


&ŝŐƵƌĞ ϭ͗ ^ĐŚĞŵĂƚŝĐ ƌĞƉƌĞƐĞŶƚĂƚŝŽŶ ŽĨ ƚŚĞ ƉƌŽƉŽƐĞĚ
ĂƉƉƌŽĂĐŚ ĨŽƌ ƚŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ŽĨ ƉƌŽĐĞƐƐ ŵŽĚĞůƐ ŝŶ ĂŶ
ŝŶƚĞŐƌĂƚĞĚŽƉĞƌĂƚŝŶŐƌŽŽŵ͘

ZĞĨĞƌĞŶĐĞƐ
[1]
[3]

[4]

ϯ͘ ZĞƐƵůƚƐ
The order object of the 11073 contains fields and
objects which enable the creation of a complete
mapping to all required information entities for

[5]
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ

ϯ͘ ZĞƐƵůƚƐ

Workflow management is a prerequisite for
computer-aided surgical assistance, situationawareness and autonomous adaptation of medical
devices in intelligent operating rooms (OR). The
integration of ontologies in surgical workflow
management allows the enhancement of
assistance functionalities by formal knowledge
representation and decision support. In literature,
various applications for ontology-based surgical
workflow support can be found, e.g. instrument
detection [1], phase recognition [2], knowledge
representation and workflow prediction [3]. For
this purpose, surgical processes have to be
described through an ontological approach [4],
encompassing the surgical action, which is
performed on an anatomical structure using a
surgical instrument [5]. For the formal
representation of these process elements medical
ontologies, like SNOMED CT or Foundational
Model of Anatomy (FMA) can be used. Especially
surgical instruments could be described by
SNOMED adequately. However, there is currently
no description of the instrument functions
provided by the ontology. Thus, a functional
classification concept will be presented for the
example of surgical instruments. The classification
could enable further applications for ontologies in
surgical workflow management in intelligent ORs.

All surgical instrument entities and sub concepts
have been categorized into one or more of the 10
instrument classes. The sub classes were
consistent to their upper level hierarchy regarding
the functionality class. Subsequently, the
instrument
concepts
with
corresponding
functionality classes and action concepts were
integrated in the surgical process ontology [4].

Ϯ͘ DĞƚŚŽĚƐ
The standardized medical ontology SNOMED CT
(Int. Edition, Jan. 2016) has been used as a basis
for the classification of surgical instruments. The
applied concepts were extracted from the
“Surgical instrument (device)” hierarchy, which
currently consists of 185 child concepts, including
specific sub concepts. The upper level concepts
were categorized according to the commonly used
functional instrument classification, which can be
found e.g. in [6]: Accessory, Clamping and
Occluding, Cutting and Dissecting, Grasping and
Holding, Probing and Dilating, Retracting and
Exposing, Suctioning and Aspirating, Suturing and
Stapling, Viewing as well as (Instrument) Set. The
resulting classification was consequently mapped
to SNOMED “Action (qualifier value)” concepts
and integrated in our ontology-based concept for
surgical process modeling [4].
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ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The proposed classification enables a variety of
workflow- and knowledge driven assistance
functionalities in the digital OR. For example,
during surgical navigation the identification of
risk structures could be enhanced by contextsensitive warnings, e.g. if cutting or dissecting
instruments are used near a risk structure, while
grasping instruments do not require any alert. In
the field of context-aware controlling of medical
devices, the automated adaption of OR light
conditions could be implemented if a viewing
instrument (e.g. endoscope) is used. For surgical
workflow and phase recognition as well as
instrument detection, the classification could be
used for rule-based preselection of the
instruments depending on the current surgical
situation in the OR (e.g. stapling instruments could
only be used in surgical closure phase). In future
work the example classification of surgical
instruments will be extended for different surgical
entities, like medical devices, activities and
anatomical structures.

ZĞĨĞƌĞŶĐĞƐ
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Abstract 10.01

Design of a Novel Vascular Plug Delivery Device for Minimally
Invasive Surgical Closure of Aortic Paravalvular Leaks
DŝĐŚĂĞůŽƌŐϭ͕ĂǀŝĚ^ůĂĚĚĞŶϮ͕WŚŝůŝƉ&ĂƌƌƵŐŝĂϯ
ϭ͕ϯhŶŝǀĞƌƐŝƚǇŽĨDĂůƚĂ;ĞƉƚ͘ŽĨ/ŶĚƵƐƚƌŝĂůΘDĂŶƵĨĂĐƚƵƌŝŶŐŶŐŝŶĞĞƌŝŶŐ͕&ĂĐƵůƚǇŽĨŶŐŝŶĞĞƌŝŶŐͿ͘ϮDĂƚĞƌĞŝ,ŽƐƉŝƚĂů͕DĂůƚĂ

;ĞƉƚ͘ŽĨĂƌĚŝŽƚŚŽƌĂĐŝĐƐƵƌŐĞƌǇͿ͘

1. Introduction

2. Methods

Post-operative paravalvular leaks are a serious
complication which may result in mortality [1]. The
newer sutureless valves and transcatheter valves
(TAVI) are more susceptible to this complication
[2]. The gold-standard treatment is a percutaneous
one, especially in cases of stable valves with a
moderately sized defect between annulus and
valve ring. However this method may prove
impossible due to the stent of the valve or acute
angle of the catheter needing to cross the defect. In
such cases the only option is re-operation, which
carries significant risk to the patient.
In this paper a delivery device is proposed, which
allows surgeons to deploy a vascular plug, identical
to that used percutaneously, however with the full
control of an open heart surgical operation.
The incision required is an upper mini-sternotomy,
where the manubrium and upper part of sternum
are divided in the midline using an oscillating saw
down to the forth intercostal space. Using a small
retractor the superior mediastinum is exposed. The
thymic fat and pericardium are dissected away to
expose the ascending aorta. A small purstring
suture (see Figure 1) is prepared at the site of entry
of the trocar. The entire procedure is done on a
beating heart and therefore eliminating the risks of
cardiopulmonary bypass and cardioplegia.

The basic design cycle described in [3] was
employed. A problem analysis was initially carried
out by conducting a survey with surgeons (n = 4) at
the Department of Cardiothoracic surgery, Mater
Dei Hospital (MDH), Malta. The customer
requirements were then translated into
engineering requirements via a Quality Function
Deployment (QFD). Ease of operation, set up time,
the use of standard components (off-the-shelf
components), number of degree of freedom and an
overall ergonomic design scored the highest
priority number. Using this data, a Product Design
Specification (PDS) was generated. By making use
of synthesis tools including a Function Means
Analysis (FMA) and a Morphological Chart, six
functional working principles were chosen, of
which two were considered as the best
combinations. Meetings with technical personnel
at the Department of Industrial and Manufacturing
Engineering, University of Malta, indicated
machining and stability issues in one of the two
working principles and was thus eliminated.
Synectics was then used to further improve and
finalise the design based on the feedback received
medical Cardiothoracic Surgeons. Implementation
of various design tools was required to transform
the working principle, into a realistic full scale
prototype. A set of Design For ‘X’ (DFX) studies
were initially conducted and focus was given on
cleanliness, sterilisation, ergonomics, assembly
and manufacturability. These were carried out
simultaneously with 3D Computer-Aided Design
(CAD) modelling and simulations for better
visualisation aid and communication purposes.
An extensive material selection exercise was
carried out, primarily focusing on Austenitic
Stainless Steels AISI 303, AISI 304 and AISI 316.
These materials are characterised by good
corrosion resistance and are also commonly used
for similar surgical devices [4], [5], categorised as
Class I according to FDA [6] medical equipment
classifications. Based on this knowledge, AISI 304
was the material of choice for the delivery device.
A Failure mode and Effect Analyses (FMEA),
indicated no severe Risk Priority Number (RPN)
and so a final 3D CAD model (see Figure 2) and
engineering drawings were generated and used for
building a full scale physical prototype.

Purstring at the
site of entry

Location of
Aortic PVL

ͳǣLeft; Circled in red, indicating the size of the
aortic PVL ȏȐ. LA – left atrium, AV – aortoc valve. Right;
indicating the purstring suture at the entry site of the
acsending aorta ȏͺȐ.
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The radial artery access site after coronary angiography or
percutanous intervention imaged with very high resolution
ultrasound: A puncture’s footprint.
:ƵƌŐĞŶD͘Z͘>ŝŐƚŚĂƌƚZd͕<ĂƌĞŶdŚ͘tŝƚďĞƌŐ ZE͕͘&ƌĂŶĐĞƐĐŽŽƐƚĂ͕D͕WŚ͕DĂƌĐŽsĂůŐŝŵŝŐůŝ͘D͕WŚ͕
EŝĐŽůĂƐǀĂŶDŝĞŐŚĞŵ͕D͕WŚ
dŚŽƌĂǆĐĞŶƚƌĞ͕ƌĂƐŵƵƐDZŽƚƚĞƌĚĂŵ͕E͘ͲŵĂŝů͗ũ͘ůŝŐƚŚĂƌƚΛĞƌĂƐŵƵƐŵĐ͘Ŷů



1. Introduction
This study aims to visualize morphologic changes
in the wall of the accessed radial artery 3 hours
and 30 days after trans radial catheterization by
means of very-high resolution Ultrasound. Such
changes may explain complications like spasm of
the radial artery, late total occlusion and decrease
in pulsation.

radial artery and vein after the puncture. Due to
retrograde filling from the ulnar artery, not all
closures resulted in loss of pulsation. The
structural changes were observed from the images
derived with the 40 MHz linear probe and were
not visible on the images from the conventional
low frequency ultrasound system. There were no
complications related to the 40 MHz ultrasound
acquisition.

2. Methods
Of 100 patients, who gave written informed
consent and who underwent trans radial coronary
angiography and/or PCI , the radial artery was
visualized using a 40 MHz linear external
ultrasound probe. The target radial artery was
visualized prior to the procedure, 3 hours post
procedure (when the compression bandage was
removed) and 30 days post procedure by two
experienced operators. The artery was visualized
with a long view projection and a cross-section
run moving the probe from distal to proximal. All
images were recorded in DICOM format. In 17
patients the same acquisitions were made with a
conventional low frequency ultrasound system
(6,2 MHz). Besides an indication on the wrist
where the ultrasound operators felt the strongest
pulse, the physician was blinded for the
ultrasound images and performed the radial
access procedure according to local standards.

3. Results


Figure 1: dŚĞƉŝĐƚƵƌĞĂďŽǀĞƐŚŽǁƐĂůŽŶŐŝƚƵĚŝŶĂůǀŝĞǁŽĨĂ
ƌĂĚŝĂů ĂƌƚĞƌǇ ĂĐƋƵŝƌĞĚ ǁŝƚŚ Ă ϰϬD,ǌ ƉƌŽďĞ͘ dŚĞ ƚŚƌĞĞ
ůĂǇĞƌĞĚ ĂƐƉĞĐƚ ŽĨ ƚŚĞ ǀĞƐƐĞů ŝƐ ĐůĞĂƌůǇ ǀŝƐŝďůĞ͘ dŚĞ ůŽǁĞƌ
ƉŝĐƚƵƌĞ ƐŚŽǁƐ ƚŚĞ ƐĂŵĞ ǀĞƐƐĞů͕ ĂĐƋƵŝƌĞĚ ǁŝƚŚ Ă
ĐŽŶǀĞŶƚŝŽŶĂůϲ͕ϯD,ǌƵůƚƌĂƐŽƵŶĚƉƌŽďĞ͘

4. Conclusion
Ultrasound acquisition of the radial artery preand post-procedure with a 40MHz linear external
probe is safe and feasible. Structural changes were
observed 3 hours post-procedure and at 30 days
follow up. The 40 MHz linear probe was superior
in visualizing these changes compared to a
conventional low frequency ultrasound probe.

The very-high resolution 40 MHz Ultrasound
allowed for detailed assessment of the radial
vessel wall including intima and media layers. The
structural changes that were observed 3 hours
and 30 days post procedure were among others
dissections (scored when an endoluminal flap was
visible), hematoma (blood visible between vessel
layers), pseudo-aneurysm (hematoma outside the
arterial wall, communicating with the artery),
thrombus, spasm (radial artery constriction) and
spontaneous echo contrast (distinct white noise
artifacts due to slow- or turbulent blood flow).
Three patients showed an occluded radial artery
and one patient showed a fistula or shunt of the
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ϯKƉƚŝĐĂůŽŚĞƌĞŶĐĞdŽŵŽŐƌĂƉŚǇ͗ĨƌŽŵŽĨĨůŝŶĞƚŽŽŶůŝŶĞ
<ĂƌĞŶtŝƚďĞƌŐ 
/ŶƚĞƌǀĞŶƚŝŽŶĂůĂƌĚŝŽůŽŐǇ͕ƌĂƐŵƵƐDĞĚŝĐĂůĞŶƚĞƌ͕ZŽƚƚĞƌĚĂŵ͕dŚĞEĞƚŚĞƌůĂŶĚƐ͕Ŭ͘ǁŝƚďĞƌŐΛĞƌĂƐŵƵƐŵĐ͘Ŷů
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3D Imaging with a Single-element Forward-looking steerable IVUS
catheter
Jovana Janjic1, Merel Leistikow2, Aimee Sakes3, Frits Mastik1, Robert H. S. H. Beurskens1, Geert
Springeling4, Nico de Jong1, Johan G. Bosch1, Antonius F. W. van der Steen1, Gijs van Soest1
1

2

Dept. Of Biomedical Engineering, Erasmus MC, Rotterdam, The Netherlands, j.janjic@erasmusmc.nl. Philips Research
3
Europe, In-Body Systems, High Tech Campus, Eindhoven, The Netherlands, BioMechanical Engineering, Faculty of Mechanical,
4
Maritime, and Materials Engineering, Delft University of Technology, Delft, The Netherlands, Dept. of Experimental Medical
Instrumentation, Erasmus MC, Rotterdam, the Netherlands.

distance between the wires is estimated with a
mean relative error of 22 %.

1. Introduction
In the field of vascular interventions, visualization
of complex lesions, such as chronic total
occlusions (CTOs), requires forward-looking
intravascular ultrasound (FL-IVUS) catheters.
Several ultrasound transducer arrays were
proposed to achieve 2D and 3D FL-IVUS [1, 2].
Integration of these arrays into catheters
compatible with intravascular applications
remains a major challenge. In this work, we
investigate an alternative strategy for 3D imaging,
using a single element transducer and an optical
shape sensing fiber (OSS, Philips) in a steerable
catheter tip (TU Delft). The device and its
functionality were characterized by imaging of a
wire phantom in water.

2. Methods
The steerable catheter is shown in Fig. 1. The
catheter has an outer diameter of 2 mm and an
inner lumen with a diameter of 1 mm. The
steerable region is 30 mm long, consisting of four
segments, each connected to four pulling wires. A
single element transducer (square, 1.4 mm side) is
mounted at the tip of the catheter and the coaxial
cable is guided through the inner lumen together
    Ǥ     ʹͲͲ Ɋ 
diameter and has 4 inner cores that are used to
reconstruct the shape through optical frequencydomain reflectometry at 60 Hz. The transducer is
excited with a 2 cycle sinusoidal pulse at 14 MHz
and 300 Hz pulse repetition frequency. The OSS
data and the ultrasound data are acquired
continuously, while the catheter is steered across
six parallel tungsten wires positioned at different
depths (Fig. 1). The ultrasound A-lines provide
information about the distance of the wire to the
catheter tip, while the OSS data are used to
reconstruct the tip position and direction. The
ultrasound signal is then combined with the OSS
data to locate the wires in the 3D space.

3. Results

4. Discussion & Conclusion
The six wires are successfully reconstructed in the
3D space.
The estimation and image reconstruction can be
further improved by optimizing the set-up. This
initial successful attempt of integration will be
used to investigate further forward-looking
imaging of more complex structures.

References
[1]

[2]

The scanning pattern of the steerable catheter
enabled to cross all the wires twice, thus for each
wire two points are identified Fig 1(c). The
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Figure 1: (top) Transducer mounted on the tip of the
steerable catheter, (bottom) The reconstructed wires
based on the ultrasound signal and the OSS data. The light
green dots show the location in the 3D space of the wires
ultrasound signals. The red arrows show the scanning
pattern of the catheter tip and its direction.

R. Chen, N. E. Cabrera-Munoz, K. H. Lam, H. S. Hsu, F.
Zheng, Q. Zhou, et al., "PMN-PT single-crystal highfrequency kerfless phased array," IEEE Trans
Ultrason Ferroelectr Freq Control, vol. 61, pp. 103341, Jun 2014.
G. Gurun, C. Tekes, J. Zahorian, T. Xu, S. Satir, M.
Karaman, et al., "Single-chip CMUT-on-CMOS frontend system for real-time volumetric IVUS and ICE
imaging," IEEE Trans Ultrason Ferroelectr Freq
Control, vol. 61, pp. 239-50, Feb 2014.
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Design, Analysis and Hydrodynamic Assessment of a Novel
Transcatheter Mitral Valve
^ĞůŝŵŽǌŬƵƌƚ͕'ĞŽƌŐŝĂ>WƌĞƐƚŽŶͲDĂŚĞƌ͕ĞŶǇĂŵŝŶZĂŚŵĂŶŝ͕ZǇŽdŽƌŝŝ͕'ĂĞƚĂŶŽƵƌƌŝĞƐĐŝΎ
h>DĞĐŚĂŶŝĐĂůŶŐŝŶĞĞƌŝŶŐ͕ĂƌĚŝŽǀĂƐĐƵůĂƌŶŐŝŶĞĞƌŝŶŐ>ĂďŽƌĂƚŽƌǇ͕hŶŝǀĞƌƐŝƚǇŽůůĞŐĞ>ŽŶĚŽŶ͕h<


ΎŽƌƌĞƐƉŽŶĚŝŶŐĂƵƚŚŽƌ͗Ő͘ďƵƌƌŝĞƐĐŝΛƵĐů͘ĂĐ͘ƵŬ



1. Introduction
Mitral regurgitation is a common mitral valve dysfunction which may lead to heart failure. Because
of the rapid ageing of the population, conventional
surgical repair and replacement of the pathological
valve are not suitable for about half of symptomatic
patients [1]. Transcatheter valve replacement
could represent a solution, but available solutions
are unsuitable for the mitral position [2]. This abstract presents a novel transcatheter mitral valve
recently developed at UCL, and describes its preliminary preclinical assessment.

2. Methods
The valve consists of a self-expanding wireframe
structure made from superelastic NiTi alloy, supporting two leaflets and a sealing component made
from xenograft pericardium. The frame was designed to provide adequate matching to the Dshape mitral valve anatomy, and optimised numerically (MSC.Marc) to minimise the stresses during
crimping into a 24 French delivery system (Fig.
1.a,b). Prototypes of the optimised geometry were
manufactured and used to validate the numerical
analyses (Fig. 1). A similar optimisation procedure
was adopted for the valve leaflets (using the package LS-Dyna). These were designed to minimise the
stress during systole and provide sufficient length
to guarantee proper coaptation at different geometries of the host anatomy (Fig. 2a). The leaflets
were obtained from glutaraldehyde fixed porcine
pericardium, and sutured to the stent. Additional
tissue was included to create a sealing cuff, reducing paravalvular leakage. A skirt made from a PET
mesh was included to gently distribute the anchoring force over the annulus (Fig. 2b). The hydrodynamic performance of the prototypes was assessed
on a cardiac pulse duplicator, after implanting the
devices into mock mitral valves of inter-trigonal
sizes ranging from 20 to 26 mm, in compliance with
the international standard ISO5840:2015-3.

3. Results
The maximum stress on the optimised stent geometry was 835 MPa, which is below the yield stress
for the martensitic phase. The crimped stent geometry (Fig.1d) was in a good agreement with the simulation results (Fig.1.b).  tests confirmed a

good anchoring of the valve, and compliance with
the hydrodynamic requirements in the international standard ISO5840:2015-3. The effective orifice areas and the regurgitant fractions determined
at the different implantation sizes are summarised
in Fig. 3.
Ă

ď

Đ

Ě

Figure 1:EƵŵĞƌŝĐĂůŵŽĚĞůŽĨƚŚĞƵŶůŽĂĚĞĚ;ĂͿĂŶĚĐƌŝŵƉĞĚ
;ďͿŽƉƚŝŵŝƐĞĚĨƌĂŵĞ͖ĂŶĚƵŶůŽĂĚĞĚ;ĐͿĂŶĚĐƌŝŵƉĞĚ;ĐͿĐŽŶͲ
ĨŝŐƵƌĂƚŝŽŶƐŽĨƚŚĞƉŚǇƐŝĐĂůƉƌŽƚŽƚǇƉĞ͘

Figure 2: EƵŵĞƌŝĐĂůŵŽĚĞůŽĨƚŚĞĐůŽƐĞĚůĞĂĨůĞƚƐ;ĂͿĂŶĚƚŚĞ
ĨƵůůƉƌŽƚŽƚǇƉĞŽĨƚŚĞŶŽǀĞůǀĂůǀĞ;ďͿ͘


Figure 3:ĨĨĞĐƚŝǀĞŽƌŝĨŝĐĞĂƌĞĂƐĂŶĚƌĞŐƵƌŐŝƚĂŶƚĨƌĂĐƚŝŽŶƐĚĞͲ
ƚĞƌŵŝŶĞĚĂƚĚŝĨĨĞƌĞŶƚŝŵƉůĂŶƚĂƚŝŽŶƐŝǌĞƐ͘

4. Discussion & Conclusion
A novel transcatheter mitral valve device was developed and tested. Preliminary tests showed the
feasibility of this new device to become an option
for transcatheter valve treatment.

References
[1] Lloyd et al, Circulation, 121:46-215, 2010.
[2] Preston-Maher et al, Cardiovasc Eng Tech, 6:174-84,
2015.
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Design of a Multi-Steerable Catheter for Complex Cardiac
Interventions
Awaz Ali1, Aimée Sakes1, Ewout A. Arkenbout1, Dick H. Plettenburg1, Paul Breedveld1
1)

Department of Biomechanical Engineering, Delft University of Technology, Delft, Netherlands, a.ali@tudelft.nl

1. Introduction
Catheters are the most versatile and essential
instruments used in interventional cardiology.
However, due to the heart’s continuous motion
and the lack of vessel wall support inside the
heart, steering and stabilizing the catheter tip
inside the cardiac atria and ventricles remains
cumbersome. As a result, the ability to place the
instrument tip at the required location inside the
heart is often restricted, in turn complicating
procedures such as atrial fibrillation ablation and
endo-myocardial biopsy that depend on precise
positioning and effective instrument-tissue
contact. In an effort to overcome these challenges,
we are developing a multi-steerable catheter that
allows accurate positioning and steering inside the
heart by providing snake-like motions and an
intuitive, manual control.

Additionally, the prototype is equipped with a novel
handle piece having two joysticks placed at
ergonomically convenient locations to allow the
intuitive control of both segments. Finally, an
intuitive locking mechanism is included that allows
the interventionist to lock the position and the curve
of the catheter tip upon releasing the joystick.

2. Methods
Essential clinical needs in interventional
cardiology were identified in cooperation with
multiple cardiologists, electrophysiologists, and
cardiac surgeons from the Erasmus Medical
Centre and the Leiden University Medical Centre
(Netherlands). The results were further analysed
with respect to catheter steering properties and
the lack thereof in conventionally available
instruments. Challenges related to the limited
steering properties were tackled in order to develop a
multi-steerable catheter having a flexible shaft with
an insertion port (Ø 1.5 mm) and outer diameter of 3
mm. Two steerable tip segments, each consisting of
multiple relatively movable elements, were designed
for the purpose of multi-steerability and improved
controllability in the complex cardiac environment.
Finally, the prototype was designed having a novel
handle piece that allows the intuitive control and
locking of both tip segments. A feasibility test was
performed to test the final prototype.

3. Results
The catheter design comprises 2 steerable tip
segments, each consisting of multiple relatively
movable elements, and a mechanical actuation with
cable-ring mechanism. Allowing the tip to be steered
over multiple planes and in multiple directions,
including S-shaped and multi-planed curves, the
steerable catheter allows 4 degrees of freedom.
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Figure 1: Schematic representation of using a multisteerable catheter in cardiac applications.

4. Discussion & Conclusion
This study presents an innovative design of a multisteerable catheter meant for use during complex
cardiac interventions. The approach presents a
prototype providing two steerable tip segments and a
novel handle design for the intuitive control of the
segments. Additionally, an intuitive locking
mechanism is included that allows the interventionist
to lock the position and the curve of the catheter tip
upon releasing the joystick. The ability to steer inside
the heart and perform complex, S-shaped, or circular
curves may potentially improve cumbersome
procedures and change conventional approaches in
interventional cardiology. The use of such dedicated,
steerable, instrumentation may further optimize
conventional procedures towards patient-specific
needs. Future directions are headed towards
application-specific use.
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
In the medical field, several devices (as
endoscopes, catheters, etc.) need to be sufficiently
flexible to avoid damaging patient tissues or
causing pain, but have to be stiff enough to transmit
force for support or e.g. puncture. A promising
solution to control the stiffness is based on the
jamming of granular media [1]. Grains packed in a
membrane behave as a fluid when atmospheric
pressure is present and as a solid when vacuum is
applied. The study is focused on the scaling laws of
such solutions for small applications (with
diameters below 3mm), the mechanical rules of
design and the optimization based on the stiffness
performances.

about the equivalent compressive Young’s
modulus, yield and ultimate strengths. The study in
Mohr’s circles allows to observe the MohrCoulomb failure criterion: ߬௫ ൌ ܿ  ߪே  ߶ ,
with ߬௫ the shear stress at failure, ܿ the cohesion
of the material, ߪே the normal stress at failure and
߶ the friction angle of the material. The first results
confirm the use of such method for dry granular
material as they show a very good repeatability and
are in good accordance with the friction coefficient
for dry sand. Such results give intrinsic properties
of granular material and are used to build a design
law for tunable stiffness endoscopes or catheters.

Ϯ͘ DĞƚŚŽĚƐ
In targeted applications as vascular occlusions or
transbronchial biopsies, the performance of
granular jamming solutions may be evaluated by
the flexural rigidity ( ܫܧwith ܧǣ Young’s modulus
and ܫǣ inertia of the structure) and the change of
stiffness from flexible to rigid configuration. The
performances depend on several factors as the
membrane [2] and the grains [1]. In this work, the
influence of the grains (shape, size and material) is
studied using both triaxial compression test and
bending test. On the one hand, the triaxial test is a
classical tool used in geomechanics to characterize
soils and granular media [3]. It can be used to
deliver information about elastic modulus of the
soil, shear strength and friction angle. On the other
hand, the bending test is used to characterize the
tunable stiffness solution in its final shape. The
scaling law can be studied thanks to this test in
which the beam cross-section can be tuned. Such a
bending test gives direct information about the
flexural rigidity  ܫܧby measuring the forcedeflection couple. The actuation method to control
the stiffness is for now based on applying vacuum
in the membrane. Nevertheless, higher pressure
differences can be achieved in triaxial tests and are
used in order to generalise the results.

ϯ͘ ZĞƐƵůƚƐ
In Figure 1, the results of the triaxial compression
test of dry sand ( ܦହ ൌ ʹͲɊ ) are presented.
First, the stress-strain curves give information

߳

&ŝŐƵƌĞ ϭ͗ >ĞĨƚ͗ ƐƚƌĞƐƐͲƐƚƌĂŝŶ ĐƵƌǀĞƐ ŽĨ ĚƌǇ ƐĂŶĚ ĨŽƌ
ĐŽŶĨŝŶĞŵĞŶƚ ƉƌĞƐƐƵƌĞƐ ŽĨ ϱϬ͘ϱŬWĂ͕ ϭϬϭŬWĂ ĂŶĚ ϮϬϮŬWĂ͖
ƌŝŐŚƚ͗ ƚŚĞ ĂŶĂůǇƐŝƐ ŽĨ DŽŚƌ͛Ɛ ĐŝƌĐůĞƐ ŚŝŐŚůŝŐŚƚƐ ƚŚĞ DŽŚƌͲ
ŽƵůŽŵďĨĂŝůƵƌĞĐƌŝƚĞƌŝŽŶ͘

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
The future steps will include the comparison of
triaxial test results with the measures of the
flexural rigidities obtained with the bending test.
The use of various granular media with different
grain sizes, shapes and materials will give
additional information for the design laws and the
optimization of the stiffness that can be obtained.
The scaling law will be evaluated based on the
bending test.

ZĞĨĞƌĞŶĐĞƐ
[1] A. J. Loeve, et Al., "Vacuum packed particles as
flexible endoscope guides with controllable
rigidity," Granular Matter, pp. 543-554, 2010.
[2] A. Jiang, et Al., "Robotic Granular Jamming:
Does the Membrane Matter?," Soft Robotics,
vol. 1, no. 3, pp. 192-201, 2014.
[3] N. G. Cheng, Design and Analysis of Jammable
Granular Systems, Massachusetts Institute of
Technology, 2013.
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dŝŵĞǀĂƌǇŝŶŐƐƉĞĐƚƌĂůĂŶĂůǇƐŝƐŽĨďůŽŽĚĨůŽǁƐŽƵŶĚƐĂĐƋƵŝƌĞĚǁŝƚŚĂ
ƉŽƌƚĂďůĞĚŝŐŝƚĂůƐƚĞƚŚŽƐĐŽƉĞĐŽŶŶĞĐƚĞĚƚŽĂƐŵĂƌƚƉŚŽŶĞ
Alfredo Illanes1, Axel Boese1, Michael Friebe1
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ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
Auscultation consists on listening to the internal
sounds of the body, using a stethoscope and it is
performed for examination of the sounds of the
circulatory and respiratory systems. Experienced
clinicians can hear the flow of blood e.g. in the
carotid arteries. We assume that the sound of blood
flow will change over life time due to changes
inside the vessels. The deposition of plaque and
calcification or a restenosis of an implant causes
turbulences in the vessels that will change the
sound. Since it is possible to hear the blood flow, it
should also be possible to measure changes in the
sound of blood flow. This technique could be used
for long time monitoring of patients or sportsman.



Ϯ͘ DĞƚŚŽĚƐ
A prototype stethoscope with a microphone was
combined with a smartphone for the acquisition of
audio signals from the carotid of five volunteer
subjects (see Fig. 1a). For each subject four
recordings (one every two weeks) of 45 [s] each
were acquired. In order to characterize dynamical
changes of the blood flow that could be
characteristic of each subject, a time-varying
spectral analysis through an autoregressive (AR)
parametrical model has been performed over the
acquired signals [1]. From the AR model, indicators
related to the time varying spectrum and pole
representation [2] have been computed for
extracting a trace or signature in the audio signal
that can characterize patterns from a given subject.
In a first step the audio signal is decimated in order
to use an AR model of lower orders. Then a bandpass
filtering
using
Discrete
Wavelet
Transformation [3] is applied to the decimated
signal for attenuation of respiration and other
sound artefacts. Then the AR coefficient and poles
are computed through a sliding window of 0.5 [s]
and 90% overlapping using an AR model of order
30. Finally different indicators are computed based
mainly on spectral energy dispersion and tracking
of the maximal energy pole.

ϯ͘ ZĞƐƵůƚƐ
Fig. 1b shows 13 [s] of the recordings from two
subjects and the respective AR time varying
spectrums, where it is possible to observe different
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dynamics associated to the inter-cycle intervals
and also to the intervals between valves sounds.
Both spectrums show that dynamics can be very
different from one subject to another one, but that
for the same subject the spectral properties are
more or less invariant from beat to beat.

&ŝŐƵƌĞ ϭ͗ a) Stethoscope connected to a smartphone for
measuring blood flow audio recordings from the carotid. b)
Two obtained preprocessed audio signals and their
corresponding time-varying AR spectrums.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
Preliminary results show that from the timevarying analysis of the audio signal at each cardiac
cycle it is possible to extract pole-based and
spectrum-based features. Those are associated to a
given recording since the same features are
obtained consistently over the cardiac cycles.
Moreover these features can be different from
subject to subject, which is a promising result for
further patient specific long term monitoring. With
this information we expect to further track long
term changes (e.g. monthly changes) which should
be extracted from the subject’s signal trace.

ZĞĨĞƌĞŶĐĞƐ
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Abstract 11.01

ThetipisthekeyͲRFAneedlemodificationusingPEEKforreduced
susceptibilityartifactinMRI
MarwahAlͲMaatoq1,JohannesW.Krug1,MichaelH.Friebe1
1)DepartmentofMedicalEngineering,OttoͲvonͲGuerickeUniversityMagdeburg,Magdeburg,
Germany,marwah.al@ovgu.de.
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Abstract 11.02

Evaluation of Novel Inside-Out approach for single slice US/
MRI fusion procedure in MRI suite
Yeshaswini Nagaraj1, Bjoern Menze1, Michael Friebe2
1)

Computer Aided Medical Procedures & Augmented Reality, TU München, Munich, Germany, yeshu.nagaraj@tum.de 2)
Catheter Technologies and Image Guided Therapies, Otto-von-Guericke-Universität, Magdeburg, Germany.

1. Introduction
In computer-assisted interventions, object tracking is
a key enabling technology which allows continuous
localization of therapy tools and patient anatomy.
Real-time tracking without the line-of-sight issue can
be carried out using electromagnetic (EM) tracking
but difficult to use with a close bore MRI system. To
combine MRI imaging with an immediate further
Ultrasound examination in the MRI suite could
provide significant advantages over fusion of US
with preoperative image data with that increasing the
lesion detectability [1].
In our approach, we suggest Inside-Out approach to
detect the position of the US probe using 2D marker
based algorithm and corresponding 2D single slices
of US and MRI are displayed in real-time.

2. Methods

server connection, which allows the visualization of
the corresponding 2D slices of both modalities.

3. Results
The evaluation of tracking functionality was done
using the standard optical tracking system. Once we
gained comparable results, the quantification of the
2D US in the 3D MRI volume was necessary. We
tested our new approach on a phantom with
predefined small circular structure of 2.4cm placed
inside. These circular structures had well defined
shape and produced no artifacts in the US and MRI
images. This strategy helped us determine the optimal
similarity measure between both the modalities. For
the similarity measure of two modalities we used the
already proposed LC2 metric [2]. We used 180 slices
in the MRI volume and calculated the similarity
measure between MRI and US obtained by inside-out
approach and markers which are visible in the MRI
data sets, also on the phantom.

Figure 2: The table illustrates the similarity measure
for single 2D slice of MRI and US.

4. Discussion & Conclusion
Figure 1: Systematic workflow of the Inside-out
approach for the corresponding US and MRI slices.

The proof-of-principle study was conducted using a
portable US Machine (Venue 50, GE Healthcare)
combined with Inside-Out tracking technique
(camera attached to US-probe), as the spatial tracker
is illustrated in fig. 1. In this approach, the US-probe
tracks its own position with respect to the world
coordinates which is different from conventional
optical tracking.
We used the direct linear transformation (DLT)
tracking framework to obtain location and orientation
of camera center in three-dimensional space with
respect to the markers (combined optical marker and
Vitamin-E capsule placed one below the other). For
each good position of US slice with respect to
marker-based tracking, corresponding MRI slice is
achieved. The MRI transformation with respect to the
markers using isocenter of the preoperative MRI
volume. The tracking was carried out using a purpose
build phantom and corresponding rotation and
translation vectors were transferred into the 3D slicer
which contained the preoperative MRI data through a

Our method had comparable translational accuracy to
conventional optical tracking system with average
mean error of around 2.04 in all direction. We also
observed that problematic area found is the one
between camera and markers. The presented InsideOut combined marker approach allows clinicians to
do MRI-US image guided Interventions inside the
MRI suite, but will benefit further from automated
fusion and correction of patient motion.
For future work completely automated fusion
systems could correct any patient motion and non
rigid deformations for improved outcome of an image
guided therapy procedure.

References
[1]

[2]

A. M. Franz, et al, "Electromagnetic Tracking in Medicine—
A Review of Technology, Validation, and Applications," in
IEEE Transactions on Medical Imaging, vol. 33, no. 8, pp.
1702-1725, Aug. 2014.
Utsav Pardasani, John S. H. Baxter, Terry M. Peters and Ali
R. Khan " Single slice US-MRI registration for
neurosurgical MRI-guided US ", Proc. SPIE9786, Medical
Imaging 2016: Image-Guided Procedures, Robotic
Interventions, and Modeling, 97862D (March 18, 2016);
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Abstract 11.05

A review of labeling information of commercially available MRI
accessories related to IEC 62570 standardized ‚MR Safe’ and ‘MR
Conditional’ labelling requirements
'͘D͘^ƚĂƚĞĐǌŶǇϭ͕:ĂŬŽď<ƌĞƵƚŶĞƌϸ͕'ƌĞŐŽƌ^ĐŚĂĞĨĞƌƐ³
ϭͿ

DZ/ͲdĞĐ͕'ĞůƐĞŶŬŝƌĐŚĞŶ͕'ĞƌŵĂŶǇ͕ƐƚĂƚĞĐǌŶǇΛŵƌŝͲƚĞĐ͘ĐŽŵ͕

1. Introduction
Commercially medical accessories such as Furniture,
wheel chairs, instruments and other products can be
ferromagnetic or electrically conductive. They are not
designed, thus contraindicated to be used in the
magnetic resonance environment. Several health
injuries have been reported by use of incorrectly or
unlabelled MR devices. ASTM F2503 [1], IEC 62570 [2]
standards address 'MR Safe'/'MR Conditional' marking
and identification of testing requirements for all items
with intended use inside the MR.

2. Methods
About 96 conventional available MRI products have
been selected randomly and from throughout the daily
use of MR clinical application:
x

MRI audio and video systems

x

MRI gurneys

x

MRI goggles

x

MRI earmuffs

x

MRI injection systems

x

MRI suction pumps

x

MRI pulseoxymeters

x

MRI monitoring system

x

MRI positioning

x

MRI wheel chairs

x

MRI anesthesia machines

ϮͿϯͿ

DZ͗ĐŽŵƉ'ŵď,͕'ĞůƐĞŶŬŝƌĐŚĞŶ͕'ĞƌŵĂŶǇ

34 products did not have any verification. There is just a
verbal statement from the manufacturers that these
products are ‘MRI safe/conditional’/compatible.
The result is that more than half of the investigated
products have never been properly tested and assessed
for safety in the MR environment. There could be fatal
consequences if one of these 34 products contain
metallic materials, be magnetic, burn the patient or
have its function affected as well as interfere the MR
system by any MR interaction known, but because not
fully analyzed in MR testing, appearing intermittently.

4. Discussion & Conclusion
ASTM F2503-13 and IEC 62570:2014 require that all
devices entering the MRE have to be tested and marked
comprehensively.
Individual
statements
of
manufacturers lead to initial cautions, but cannot be
considered as being sufficient for use in the daily
clinical MR routine due to many factors of
interpretation possibilities or resulting in unclear
situations.
Therefore, having proper standardized MR labelling
assists to prevent potential projectile injuries, burns
and other hazards inside the MRE.
Note: An increasing number of accessories meanwhile
receives the attention of ASTM F2503 and IEC 62570
consideration and testing planning. At the date of
publication of this investigation the number of products
being MR labeled has increased to 3 having an MR test
report and up to 20 products are under investigation for
getting investigated to receive an MR Safe or MR
Conditional labeling.

References

The product documentation has been investigated for
the ASTM/ IEC required MR marking/labelling
information and the completeness of MR labelling
information

[1] ASTM F2503-13 standard practice for marking medical devices and
other items for safety in the magnetic resonance environment
[2] IEC 62570:2014 Standard practice for marking medical devices and
other items for safety in the magnetic resonance environment
[3] Guidance for Industry and FDA Staff; 2014; Establishing Safety and
Compatibility of Passive Implants in the Magnetic Resonance (MR)
Environment

3. Results
96 Products have been analyzed.
35 of these products are completely designed and made
from non-conductive and non-magnetic materials, e.g.
plastics and foam materials such as cushions,
positioning aids. Therefore statements can be based on
a scientific rationale for MR safety.
From these 61 Products only 1 product has an MR test
report at the time of investigation.
26 guaranteed compatibility, but there is no certificate
because these products are only tested in a clinic with
no standardized test procedure.
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Abstract 11.06

Performing ISO/TS 10974 ‘Sequence of Sequences’ (SoS) for
Combined Field Testing (CFT) for active implantable medical devices
(AIMD) on a clinical scanner
ϭͿ


:͘^͘ǀĂŶĚĞŶƌŝŶŬϭ͕E͘&ƺůůĞϮ͕:͘<ƌĞƵƚŶĞƌϮ͕W͘^ĂŶĚĞƌƐϭ͕'͘^ĐŚĂĞĨĞƌƐϮ͕ϯ
ϮͿ

DZ/ĞǀĞůŽƉŵĞŶƚ͕WŚŝůŝƉƐ,ĞĂůƚŚĐĂƌĞ͕ĞƐƚ͕EĞƚŚĞƌůĂŶĚƐ DZ͗ĐŽŵƉ'ŵď,͕^ĞƌǀŝĐĞƐĨŽƌDZ^ĂĨĞƚǇΘŽŵƉĂƚŝďŝůŝƚǇ͕
ϯͿ
'ĞůƐĞŶŬŝƌĐŚĞŶ͕'ĞƌŵĂŶǇ DZ/Ͳ^dĂZͲDĂŐŶĞƚŝĐZĞƐŽŶĂŶĐĞ/ŶƐƚŝƚƵƚĞĨŽƌ^ĂĨĞƚǇ͕dĞĐŚŶŽůŽŐǇĂŶĚZĞƐĞĂƌĐŚ'ŵď,͕
'ĞůƐĞŶŬŝƌĐŚĞŶ͕'ĞƌŵĂǇ



1. Introduction

3. Results

AIMDs have to maintain functionality during or at
least after MRI scans. Functionality can be
compromised
by
gradient-induced
field
interactions as well as RF field-induced
interactions. A test procedure for separate fields
testing of AIMDs is described in ISO/TS 10974 [1].
Version 1 provides a ‘Sequence of Sequences’
(SoS) approach to test compliance, not intended to
be executed on clinical scanners. We perform an
initial investigation in order to establish CFT using
the SoS using proprietary technical control
software on a clinical MR scanner. Our goal was to
implement the required test signals on a standard
clinical scanner, in order to allow the use of one
identical system for testing which is also closest to
a clinical use.

Gradient testing revealed an absolute value peak
in dB/dt as high as 14.4 T/s and 12.9 T/s on a
single axis. Based on a very moderate gradient rise
time of 1 ms these values are as expected and can
be further increased by a shorter rise time.

Figure 1: ĚͬĚƚ ǀĂůƵĞƐ Ăƚ ĚŝĨĨĞƌĞŶƚ ƉŽƐŝƚŝŽŶƐ ;>Dϭ͕ >DϮ͕
>DϯͿ

2. Methods
We implemented SoS using the standard,
proprietary technical test sequence Toolbox at
Philips Ingenia 1.5T MRI scanners. This Toolbox is
available for manufacturing and customer service
testing, and allows to drive the system to the
maximum technical specifications. Exposures and
timings (SoS) are implemented using proprietary
scripting. A standard body ASTM-phantom was
filled with tissue simulating medium and placed
inside a clinical 1.5 T MR Scanner. E- and B-field
probes were used in order to assure that the
required RF amplitudes and time varying
gradients are met. Amplitude of the RF coil
exposure was set to 5 μT. The RF test was
performed for the following combinations of pulse
width/period: 0.2/2, 1/5, 2/10, 10/50 ms.
For gradient testing gradient rise time tslew = 1 ms
and dwell time tdwell = 1 ms were used resulting in
a cycle duration of 4ms. A burst of 128 cycles was
applied followed by a pause of 5 ms. All three
gradients were applied simultaneously with an
amplitude of 22.5 mT/m (y-axis) and 11.3 mT/m
(x- and z-axis). The time rate change of the
magnetic field dB/dt was monitored using a 3axes search coil.

4. Discussion & Conclusion
For the RF sequence the identical RMS E-field
values for combinations of pulse width and period
with identical duty cycle demonstrate a high
reproducibility and stability of the system for
various test conditions, which allows for the
performance of reliable testing. For pulse width of
0.2 ms and period of 2 ms lower RMS values
appear due to a lower duty cycle. Both SoS are
capable to produce higher and better controlled
values of exposition of RF amplitude and dB/dt
assuring a higher safety margin for testing
compared with clinical sequences for combined
field testing. This allows functionality testing of
AIMDs with well-defined worst-case RF and
gradient exposure conditions compared to the
application of a set of clinical protocols which do
not represent a worst-case.

References
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Abstract 11.07

Should 'cheap' and 'easy to use' be primary attributes for
MedTec product developments? MRI Injector Example.
Michael H. Friebe1, Axel Boese1, Jörg Traub2, Stefan Hellwig3
1)

Catheter Technologies, Otto-von-Guericke-University, Magdeburg, Germany, michael.friebe@ovgu.de. 2)
Surgiceye GmbH, München, Germany. 3) IDTM GmbH, Castrop-Rauxel, Germany.

1. Introduction
Investing money into simplifying complex problems,
could develop truly innovative technologies that will
benefit most patients [1]. This unfortunately is not
considered scientifically ‘desirable and cool’ at the
moment and therefore not in the focus of available
public funding.
We wanted to show that by looking at existing
technologies and focussing exclusively on reducing
complexity and cost would allow us to come up with
new product innovations that create additional value
for the inventor, the user, and the healthcare system.
For that we analysed MRI Contrast Media Injector
(CMI) systems with the plan to develop a system that
can handle a majority (>90%) of the required
procedures, with greatly reduced error potential
(close to ‘0’), very cheap manufacturing cost (<5% of
original cost), and very easy handling.

Figure 1: CMI features and their cost. Some are
absolutely necessary and others are only optional,
but add complexity and cost — and are detrimental
to patient safety.

2. Materials and Methods
MRI CMI systems, injection protocols for the
different MRI imaging procedures, and the
application notes of the majority of contrast media
solutions were carefully analysed. All CMI systems
come with electromechanical or hydraulic drive
systems, independent injection volumes for contrast
media and saline solution, computer controlled
injection protocols, flow adjustment in 0.1ml/s steps
all the way up to 10ml/s, are quite heavy and bulky
(10kg-35kg), and consist of two or three independent
hardware components.
This causes handling problems, does not make the
CMI fully MRI compatible, and requires extensive
training to ensure safe operation [2].
MRI contrast media needs to be injected as a bolus,
but in all evaluated cases and as recommended in the
application notes exclusively using a flow rate of
2ml/s, and with a patient weight dependent volume
(0.2ml/kg), followed by the same volume saline
solution.

3. Results
Based on the summary of CMI features that are
considered essential (MUST HAVE) versus the ones
that are optional and create incremental value, but
obviously increase complexity and cost (fig. 1), we
build a fully functional and completely mechanical
prototype (fig. 2) with manufacturing cost of < 200
in only 4 month. This compares very favorably to the
current CMI systems end customer pricing of > 
20.000.
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Figure 2: Prototype of a fully mechanical MRI CMI
with an air storage system, 2bar pressure is
sufficient to drive a 30ml contrast media volume at
constant 2ml/s followed by 30ml saline solution.

4. Discussion & Conclusion
Basic and fundamental research should not be
governed by development attributes like ease of use,
affordability, and others.
However, applied medical technology development
should very strongly consider complexity and cost
reduction as major attributes. New disruptive ideas
could develop using that approach.
These type of developments are - despite common
believe - technologically quite challenging and risky
and should therefore also be positively considered in
the future for public research funding proposals.
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Abstract 12.01

ϯͲƉƌŝŶƚĞĚƚĞŵƉŽƌĂůďŽŶĞŵŽĚĞůĨŽƌĞĂƌƐƵƌŐĞƌǇ
András Füzy1, R.M. Metselaar2, R.J. Baatenburg de Jong2, R.H.M. Goossens3, G.J. Kleinrensink4
ϭͿ&ƺǌǇtŽƌŬƐ͕ĞůĨƚ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ͕ŵƌ͘ĨƵǌǇΛŐŵĂŝů͘ĐŽŵ͘ϮͿĞƉĂƌƚŵĞŶƚŽĨKƚŽƌŚŝŶŽůĂƌǇŶŐŽůŽŐǇ͕ƌĂƐŵƵƐDĞĚŝĐĂůĞŶƚĞƌ͕

ZŽƚƚĞƌĚĂŵ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ͘ϯͿĞƉĂƌƚŵĞŶƚŽĨ/ŶĚƵƐƚƌŝĂůĞƐŝŐŶŶŐŝŶĞĞƌŝŶŐ͕ĞůĨƚhŶŝǀĞƌƐŝƚǇŽĨdĞĐŚŶŽůŽŐǇ͕ĞůĨƚ͕ƚŚĞ
EĞƚŚĞƌůĂŶĚ͘ϰͿĞƉĂƌƚŵĞŶƚŽĨEĞƵƌŽƐĐŝĞŶĐĞ͕ƌĂƐŵƵƐDĞĚŝĐĂůĞŶƚĞƌ͕ZŽƚƚĞƌĚĂŵ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ͘

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
This project is the result of a research collaboration
of Füzy Works, the Erasmus Medical Center of
Rotterdam and the Technical University of Delft,
Faculty of Industrial Design Engineering. It aims to
develop and test a 3-D printed version of a human
temporal bone to provide otorhinolaryngology
(ORL) residents with additional opportunities to
practice drilling skills. The project is based on the
master thesis of András Füzy (2014) ǲ  Ǧ
       
        
      ǳ. The artificial
temporal bone model contains all anatomical
landmarks, necessary to get accustomed to drilling
out the mastoid, such as the facial nerve, the
semicircular canals, the sigmoid sinus and the
tegmen tympani. These structures were coloured
by hand with surface paint.

&ŝŐƵƌĞϮ͗Pilot test at Erasmus MC Skills Lab in Rotterdam
on 21st of June 2016.



ϯ͘ ZĞƐƵůƚƐ
The 3D-printed material felt much like bone and
reacted similar while drilling. It is slightly
transparent, which helped when coloured
structures were closely approached. Limitations
were the absence of slight colour differences in the
printed material, that are present in the human
temporal bone and the mastoid air cells being filled
with printed support material instead of air.
Residents were able to complete their drilling
assignment within approximately 4 hours. The
individual amount of time corresponded with the
level of experience.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ

&ŝŐƵƌĞϭ͗The complete setup of the temporal bone model
(blue) that fits in a model of the head (white). The angle of
the head can be varied and is fixed by the nose (red).

Ϯ͘ DĞƚŚŽĚƐ
A field experiment (pilot test) was organized at the
Erasmus MC Skills Lab for five ORL residents with
diverging levels of surgical experience and one
experienced otologic surgeon from a peripheral
hospital. All participants practised on the same
model and had to perform the same surgical
procedure as an exercise.
Content and face validity were discussed with the
participants after the test.
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The 3D-printed temporal bone model is helpful in
learning the anatomy of the mastoid and to gain
drilling skills for residents, necessary for ear
surgery. The model can be used as a replacement
for real human bone, at the beginning of the
curriculum.
Various models can be designed to mimic different
levels of anatomical difficulty and special
abnormalities of individual patients. Hence a
stepwise curriculum can be made to further
improve patient safety.

ZĞĨĞƌĞŶĐĞƐ
[1]

H. Hildmann, H. Sudhoff, S. Dazert, R. Hagen, Manual of
Temporal Bone Exercises, 2011.

[2]

A.M.A. Sousa, D.M. Okada, F.A. Suzuki, The use of
simulators in the learning for otologic surgery, 2011.

[3]

D.M. Okada, A.M. Almeida de Sousa, R. de A. Huertas, F.A.
Suzuki, Surgical simulator for temporal bone dissection
training, 2010.

[4]

D. Bakhos, S. Velut, A. Robier, M. Al zahrani, E. Lescanne.
Three-Dimensional Modeling of the Temporal Bone for
Surgical Training, 2010.
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ϯŬŝŶĞŵĂƚŝĐƐŽĨƐƵƌŐĞŽŶƐ͛ƵƉƉĞƌͲĂƌŵƌŽƚĂƚŝŽŶŝŶůĂƉĂƌŽƐĐŽƉǇ
J. A. Sánchez-Margallo1,2, F. M. Sánchez-Margallo3, K. Gianikellis4, A. Skiadopoulos4, J. Hermoso3
ϭͿĞƉƚ͘DĞĚŝĐĂůƚĞĐŚŶŽůŽŐǇ͕^/Ed&͕dƌŽŶĚŚĞŝŵ͕EŽƌǁĂǇ͕ũƵĂŶ͘ƐĂŶĐŚĞǌ͘ŵĂƌŐĂůůŽΛŐŵĂŝů͘ĐŽŵ͘ϮͿĞƉĂƌƚŵĞŶƚŽĨŽŵƉƵƚĞƌ

^ǇƐƚĞŵƐĂŶĚdĞůĞŵĂƚŝĐƐŶŐŝŶĞĞƌŝŶŐ͕hŶŝǀĞƌƐŝƚǇŽĨǆƚƌĞŵĂĚƵƌĂ͕^ƉĂŝŶ͘ϯͿ:ĞƐƷƐhƐſŶDŝŶŝŵĂůůǇ/ŶǀĂƐŝǀĞ^ƵƌŐĞƌǇĞŶƚĞƌ͕
ĄĐĞƌĞƐ͕^ƉĂŝŶ͘ϰͿŝŽŵĞĐŚĂŶŝĐƐŽĨ,ƵŵĂŶDŽǀĞŵĞŶƚĂŶĚƌŐŽŶŽŵŝĐƐ>Ăď͕͘hŶŝǀĞƌƐŝƚǇŽĨǆƚƌĞŵĂĚƵƌĂ͕ĄĐĞƌĞƐ͕^ƉĂŝŶ͘

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
In order to foster safer workplaces and to cope
with Work-Related Musculoskeletal Disorders
(WRMSDs), an ergonomic intervention is required
for managing the biomechanical risk factors that
appear during laparoscopic surgery tasks. In this
sense, surgeons who perform laparoscopy are
concerned as a high-risk occupational group for
developing WRMSDs as a direct consequence of the
postures that they sometimes have to adopt during
operation. There are many tracking systems able to
track surgeons’ motion during laparoscopic
activities. Advances in the use of the inertial
measurements units (IMUs) for motion capturing
make IMUs systems more suitable than 3D
photogrammetry for tracking surgeons motion in
the operation theaters, as there is no markers
occlusion problem [1].

“Data smoothing” was carried out by generalised
cross-validation using quintic splines. The R
statistical software was utilized to obtain
descriptive statistics and to compare the upper
arm posture between the conventional axialhandled laparoscopic needle holder (Group L)
(Karl Storz) and a robotic handheld laparoscopic
needle holder (Group R) with ergonomic handle
(DEXTM, Dextérité Surgical).

ϯ͘ ZĞƐƵůƚƐ
The pair movement of the surgeons’ upper arm
with respect to the trunk during the laparoscopic
operation was analysed and the differences
between the two operation tasks were compared.
Results revealed that surgeon’s upper-arm posture
is different between the two tasks.

Ϯ͘ DĞƚŚŽĚƐ
The XSens MVN BIOMECH system (Enschede, The
Netherlands) was utilized during laparoscopic
surgery to obtain body segment’s pose information
from inertial units (Figure 1). The pose data were
stored as .MVNX files and were post – processed
with the Visual3D software (C-motion, Inc.,
Germantown, MD, USA). The defined segments’
local reference systems (LRS) axes X – Y – Z
corresponding to mediolateral – anteroposterior –
longitudinal directions, respectively. The Z – X – Z
Euler sequence of rotation was used allowing the
analysis of the upper arm – to – thorax posture
adopted by subjects in terms of clinically
interpreted position and orientation. Thus, the
posture of the upper arms was defined with respect
to the trunk, considering posture as the position
and orientation of body segments. For every
segment of the mechanical model defined, where
LRS are fixed, the well-known Euler’s sequence of
rotation is used to obtain the posture of the upper
arm with respect to the trunk:
x

x
x

1st rotation with respect to Z axis, where
upper-arm rotation takes place (azimuth
angle). The ‘azimuth angle’ defines the
plane of elevation.
2nd rotation with respect to X axis, where
upper-arm
elevation
takes
place
(elevation angle).
3rd rotation with respect to Z axis, where
upper-arm external/internal rotation.



&ŝŐƵƌĞ ϭ͗ Experimental set up showing a subject at the
operation theater.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
In real operation conditions the use of reflective
markers is not an option. IMUs can be an
alternative option. 

ZĞĨĞƌĞŶĐĞƐ
[1]

Andreas Skiadopoulos, Carlos Espino Palma and Kostas
Gianikellis., "3D kinematics of surgeons’ upper-arm
rotation in laparoscopy," 5º congresso nacional de
biomecânica, Espinho, Portugal, 8 e 9 de Fevereiro, 2013.
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Preliminary usability validation of an e-learning laparoscopic course
for nursing with an eye tracking device
J.F. Ortega-Morán1, J.B. Pagador1, L. Bote1, F.M. Sánchez-Margallo1
1)

Jesús Usón Minimally Invasive Surgery Centre, Cáceres, Spain, jfortega@ccmijesususon.com.

1. Introduction
Eye tracking is an emerging technology to perform
validation of websites to know how users interact
with them and to detect usability problems.
However, nowadays there are few studies
conducted on the use of eye trackers for usability
assessment of health technologies [1]. This study
is aimed to objectively validate an e-learning
laparoscopic training course for nurses using
eye tracking technology.

2. Methods
To perform the validation test, SMI eye tracking
glasses 2w and its SMI BeGaze™ analysis software
were used. According to previous studies [2], five
nurses were recruited to perform the following
tasks with a limited time available, using singleblind method and without external support:
1. Visualize lessons (Tmax = 3’)
2. Answer an assessment test (Tmax = 2’ 30”)
3. Looking for complementary resources, 3D
pdf file (Tmax = 2’ 40”)
4. Use the forum, add comments in a
discussion (Tmax = 1’ 20” )
5. Ask for technical support, send a message
to the webmaster (Tmax = 1’ 20”)
To analyse results, some Areas of Interest (AOI)
where participants are expected to put their
attention were defined. Some metrics were
selected to analyse the participants’ behaviour: 1)
AOI fixations’ number; 2) AOI gaze duration; 3)
Spatial density of fixations; 4) Elapsed time to first
AOI fixation. In addition, patterns of visual
exploration of participants were recorded using
the heat maps and scan path tools.

3. Results
Metrics and visual patterns of participants show
that the left menu has both the highest number
and spatial density of fixations. Elapsed time to first
AOI fixation on the complementary resources is
lower than expected, and on the forum (Figure 1)
and the technical support is higher. Participants
rapidly access to lessons and assessment tests of
sections, however they hardly have fixations on
buttons to navigate between lessons. Hence, they
have difficulty to navigate sequentially in sections.
Assessment test has the highest gaze duration.

Figure 1: Heat map of participants searching the forum
(red box), with highest values on left menu.

4. Discussion & Conclusion
Eye tracking technology is a useful tool to detect
strengths and weaknesses of the e-learning
environment design and its usability. Left menu is
the most important for participants, so all relevant
sections must be included on such menu. Buttons
apparently more visible and easy to reach (forum,
technical support) present more difficulties than
buttons more hidden (complementary resources).
Improve the visibility of these options, as well as
the means for the navigation between lessons, is a
priority. Assessment tests present more difficulty
to interpret their content for participants, so they
must be readapted.
As future works, same nurses will perform
additional tests to improve the validation, such as
“retrospective think aloud” method, and tasks
with the same difficulty to evaluate their
progression in learning the use of the platform.
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A light-dependent training tool for flexible cystoscopy
Michelle Donovan1, Laura Standley2, Alexander Jaeger1, Michael O’Shea1, Conor O’Shea1, Paul
Sweeney3, Pádraig Cantillon-Murphy1
1) School of Engineering, University College Cork, Cork, Ireland. 2) Department of Mechanical Engineering, Massachusetts
Institute of Technology, Cambridge, USA. 3) Department of Urology, Mercy University Hospital, Cork, Ireland.
Corresponding author: padraig@alum.mit.edu

1. Introduction
Flexible cystoscopy is a non-invasive procedure
that examines the bladder and lower urinary
system for abnormalities. To supplement
cystoscopy training on live patients, many
hospitals use different simulation tools. Virtual
reality models are useful for repetitive training and
can include feedback systems that remove the need
for a supervising clinician, but they often lack
haptic feedback, are not easily transported, and can
be prohibitively expensive, especially for smaller
training hospitals [1]. The goal of this work was to
design and construct a simple, portable and lowcost cystoscopy training platform for training nonexpert clinicians and nurse specialists in bladder
endoscopy.

2. Methods
In order to minimise costs, a 3D-printed ABS
mechanical prototype was assembled with
reverse-mould silicone insert to replicate the
urethral passage. Male and female bladders differ
slightly in shape and size [1], but both can be
approximated as a sphere, 10cm in diameter, as
implemented in the dome design of the device
(Figure 1a). The silicone insert was designed for
ease of assembly of the device. It was created in two
halves using a 3D printed ABS mould. The entire
device is encased in clear polycarbonate casing and
mounted on a metal baseplate (Figure 1b).

came into proximity of a light-dependent resistor.
The LEDs were included for land-marking and
trajectory response timing. The tuneable threshold
was controlled by a microcontroller (Arduino
Microcontroller Mega 2560) to facilitate
calibration to the light source intensity.

3. Results
The final prototype size has a base of 16cm2 and the
height is 25cm, making it very portable. Three
investigation modes were implemented; training
(to facilitate user comfort with the system), full
inspection (to test time and trajectory response for
full bladder investigation) and J-manoeuvre (to test
circumflexion of the cystoscope upon entry to the
simulated bladder dome. A basic user-interface has
been created using Matlab which captures user
performance metrics including time and trajectory
pathway. The device has been tested by for
usability and suggested changes in performance
metrics and user interface is currently underway.

b.
Figure 2: Endoscopic view from the cystoscope during
insertion through the silicone urethral model.

a.

4. Discussion & Conclusion





Figure 1: a. Cross-section of training device, showing the
lower right half of 3D printed ABS part prior to electronics
insertion, as well as the silicone insert. b. The trainee
inserting the flexible cystoscope into the finished
demonstration prototype.

In order to measure competence of the trainee, the
interior dome of the bladder was fitted with 14
light-emitting diodes (LEDs) and 14 lightdependent resistors. A simple potential divider
design allowed for light thresholding-based
detection of the cystoscope’s light source when it
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The work presented here represents a low-cost,
potrable alternative to available urology trainers
such as the Simbionix URO mentor. Further
development will seek to improve usability and
user performance capture. 
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Preliminary validation of a serious game for psychomotor skills
training in minimally invasive surgery: Kheiron Training System
L.F. Sánchez-Peralta1, J.B. Pagador1, L. Bote1, N. Skarmeas2 , G. Tsolkas2, E. Fenyöházi3, W. Korb3, J.
Sándor4, G. Wéber4, I. Oropesa5,6, E. J. Gómez5,6, G. A. Negoita7, C. Tiu7, F. M. Sánchez-Margallo8
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1. Introduction

3. Results

The Kheiron Training System (KTS) is a serious
game for psychomotor skills training in minimally
invasive surgery (MIS) [1]. It has been developed
to provide medical students and surgical residents
with a new approach for the acquisition of the
specific skills required in MIS, such as hand-eye
coordination or deph perception.
The objetive of this work is to prelimiary validate
the KTS serios game with pedagogical experts and
end users.

Within the pedagogical validation, experts
assessed with 3.44±0.50 out of 5 points the
possibility of achievement of the learning
objectives with the tested version of the KTS
serious game.
10 experts participated in the first stage of the
validation process. 7 experts though that the game
can increase the performance of medical students
and residents and 6 agreed that it could be
included in the surgical curriculum but not as a
mandatory part.
142 end users tested the serious game. 94.96%
(132) users thought that the serious game can
potentially train their performance in MIS.

2. Methods
Validation was divided into two approaches. On
one side, the possibility of achieving the defined
learning objectives for each task included in the
KTS serious game was rated in a 5-point Likert
scale by pedagogical experts. On the other hand,
expert surgeons and medical students and
residents tested the serious game and afterwards
completed a questionnaire.
Tests were conducted in Spain, Germany, Hungary
and Romania. The set-up for playing the KTS
serious game allows for different configuration,
requesting a PC and monitor (or laptop), a
physical box-trainer and two regular, nonmodified surgical tools (Figure 1).

4. Discussion & Conclusion
The KTS serious game is accepted by end users to
be a training tool for the acquisition of
psychomotor skills in MIS. As opposed to other
initiatives [2], the KTS systems is based on a
traditional physical box-trainer and regular
laparoscopic tools and does not require the
additional use of commercial controllers.
Further works are necessary to improve overall
technical performance of the KTS serious game,
weakest point of the tested prototype. Similarly,
further validation trials are requested to
determine its effectiveness as training tool and
achievement of the learning objectives.

References

Figure 1: Set-up for the KTS serious game validation. It
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connected to a laparoscopic tower (right).
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dŚĞŶĞĞĚĨŽƌŵƵůƚŝͲŝŶĨƵƐŝŽŶƚƌĂŝŶŝŶŐ
Roland A. Snijder1, Peter Lucas2, Agnes van den Hoogen3, Annemoon D. Timmerman1
ϭͿDĞĚŝĐĂůdĞĐŚŶŽůŽŐǇĂŶĚůŝŶŝĐĂůWŚǇƐŝĐƐ͕hŶŝǀĞƌƐŝƚǇDĞĚŝĐĂůĞŶƚĞƌhƚƌĞĐŚƚ͕hƚƌĞĐŚƚ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐ͕ƌ͘Ă͘ƐŶŝũĚĞƌͲ
ϮΛƵŵĐƵƚƌĞĐŚƚ͘ŶůϮͿZΘ͕s^>͕ĞůĨƚ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐϯͿEĞŽŶĂƚŽůŽŐǇ͕hŶŝǀĞƌƐŝƚǇDĞĚŝĐĂůĞŶƚĞƌhƚƌĞĐŚƚ͕hƚƌĞĐŚƚ͕ƚŚĞ
EĞƚŚĞƌůĂŶĚƐ

ϭ͘ /ŶƚƌŽĚƵĐƚŝŽŶ
One of the highest technology associated risks in
critical care is infusion technology [1]. There are
many reasons why infusion therapy is challenging.
For example, limited vascular access and a high
risk of systemic infections typically requires
clinicians to connect multiple infusion pumps to
one infusion set and catheter. This technique is
called multi-infusion. However, in the past years,
ample evidence has been gathered that multiinfusion is associated with dosing errors due to
ambiguous physical effects, caused by the complex
nature of multi-infusion systems [2], [3]. Despite
the fact that many of these dosing errors are due
to physical effects they can be mitigated or even
prevented if multi-infusion users, i.e. physicians
and nurses, are given the proper training. Our
objective is therefore to investigate the need for
specific multi-infusion training.

Ϯ͘ DĞƚŚŽĚƐ
Within the Metrology for Drug Delivery (MeDD)
project [4], we have conducted both
quantitative/technical and qualitative research in
order to establish the causes of dosing errors in
multi-infusion. A “survey of best practices”, in
which healthcare professionals were surveyed,
was used to list the current practices in multiinfusion therapy and identify the potential niche
where education is required. Next, we conducted
a systematic literature review, aimed to identify
the most common physical causes of dosing errors
[3]. In addition, experiments were performed to
further investigate these dosing errors [2].
Subsequently, we developed a simulation model
which is able to provide insights in numerous
hypothetical
situations.
Input
parameters
consisted of the infusion hardware used in clinical
practice, which were analysed as well [5].

ϯ͘ ZĞƐƵůƚƐ
It was found that despite the fact that syringe
pumps are accurate [5], the mechanical properties
of infusion hardware combined with flow
dynamics may cause dosing errors in many
clinical situations [2]. This is especially the case
with critical fast-acting medication, often used in
critical care. In the “survey of best practices” on
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the use of infusion, more than 80% of those who
answered held that the drug delivery in multiinfusion therapy was more prone to errors,
however, the nature of these errors remained
elusive to them. Moreover, many answered that
extra education and training was desirable. It was
therefore decided to start a successor of the
MeDD-project. The goal of this new project is to
develop a training program for clinical users of
infusion technology. The training program will
include graphical representations and on site
lectures in order to provide an intuitive
understanding of the physical effects that
complicate drug delivery in multi-infusion
systems.

ϰ͘ ŝƐĐƵƐƐŝŽŶΘŽŶĐůƵƐŝŽŶ
Although there has been an increase in evidencebased studies investigating the clinical relevance
of multi-infusion errors, these studies remain
scarce. However, expert opinion holds that a
sizeable amount of adverse events are due these
errors. Moreover, we have substantiated these
claims by investigating a case of a serious
norepinephrine overdose in our own hospital. In
this case, insights in the physical effects involved,
might have mitigated the outcome. The results
underline the importance of providing clinicians
with additional training in multi-infusion.

ZĞĨĞƌĞŶĐĞƐ
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13.01

Endoscopic Painting

The Fun, Innovative, Nice and Enthusiastic (FINE) way of learning laparoscopic skills through endoscopic painting as laparoscopic box training exercise. M.D.I. dela Paz, M.C. Mendoza.
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Abstract 13.01
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