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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. 

 
The intelligent assistance was implemented in an 
integrated surgical environment based on the new 
set of IEEE 11073 standards for device inter-
operability 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]. 

 
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 

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. 

 
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 infor-
mation provision. The setup demonstrates the 
feasibility of the approach for intelligent assis-
tance in integrated surgical environments.

[1] 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. 

[2] 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. 

[3] 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. 

[4] S. Franke, J. Meixensberger, and T. Neumuth, “Multi-
perspective workflow modeling for online surgical 
situation models,” J. Biomed. Inform., vol. 54, pp. 158–166, 
2015. 

[5] 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. 
351–362, 2015. 

[6] S. Franke and T. Neumuth, “Rule-based medical device 
adaptation for the digital operating room,” in Proc. of 
37th IEEE EMBC 2015, pp. 1733-1736. 
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Situation-Based Extraction of Medical Device Activity for Adaptive 
OR Task Management  

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

1. Introduction 
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.  
 

3. Results 
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. 

References 
[1] K. Cleary, A. Kinsella, and S. K. Mun, “OR 2020 workshop 

report: Operating room of the future”, Int. Congr. Ser., 
Vol. 1281, pp. 832–838, 2005. 

[2] S. Kounev et al., “Model-driven Algorithms and 
Architectures for Self-Aware Computing Systems”, 
Dagstuhl Reports, Vol. 5, pp. 164-196, 2015  

[3] P. Jannin, X. Morandi, “Surgical models for computer-
assisted neurosurgery” In NeuroImage Vol. 37, pp. 783–
91, 2007. 

[4] S. Franke, J. Meixensberger and T. Neumuth, "Multi-
perspective workflow modeling for online surgical 
situation models", J. Biomed. Inform., Vol. 54, pp. 158-
166, 2015 

[5] M. Kasparick et al., "New IEEE 11073 Standards for 
interoperable, networked Point-of-Care Medical 
Devices", Conf Proc IEEE Eng Med Biol Soc., pp. 1721-
1724, 2015 

[6] T. Neumuth et al., “Analysis of surgical intervention 
populations using generic surgical process models”, Int J 
CARS. Vol. 6, pp. 59–71, 2011 

[7] IBM Corporation, “An Architectural Blueprint for 
Autonomic Computing”, IBM White Paper, 3rd Edition, 
pp. 15-25 2005. 
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Implementation of Intel RealSense on PACS; contribution of gesture 
based interface for intraoperative surgical decision making 
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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. 

2. Methods 
Intel RealSense (SR300, Intel Corporation) was 
installed into commercialized general PACS 
application (ShadeQuest, Yokogawa Medical 
Solutions Corporation). The RealSense has a built-
in 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-

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.  

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.

References 
 [1] Yoshimitsu, K., Muragaki, Y., Maruyama, T., Yamato, M. & 

Iseki, H. “Development and Initial Clinical Testing of" 
OPECT": An Innovative Device for Fully Intangible 
Control of the Intraoperative Image Displaying Monitor 
by the Surgeon” Neurosurgery, Mar;10 Suppl 1, pp.46-50, 
2014. 

[2] Kitaro Yoshimitsu, Shinji Chiba, Takashi Maruyama, Ken 
Masamune, Hiroshi Iseki, Yoshihiro Muragaki, 
“Implementation of touchless dynamic manipulatable 
interface (Opect 3D) for three-dimensional arteries 
models” International Journal of CARS 2015, vol.10 
Suppl1: S63-S64, 2015.
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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. 

 
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.  

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

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.  

 
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. 

[1] T. Neumuth et al., “Analysis of surgical intervention 
populations using generic surgical process models”, Int J 
CARS. Vol. 6, pp. 59–71, 2011 

[3] E. Schreiber, S. Franke, T. Neumuth, "Towards a surgical 
process model distribution infrastructure based on 
Cross-Enterprise Model Sharing (XMS)", Int J CARS, vol. 
10, Suppl. 1, p. 158-159, 2015. 

[4] M. Kasparick et al., "New IEEE 11073 Standards for 
interoperable, networked Point-of-Care Medical 
Devices", Conf Proc IEEE Eng Med Biol Soc., pp. 1721-
1724, 2015 

[5]  M. Rockstroh et al., "Closed-loop approach for situation 
awareness of medical devices and operating room 
infrastructure, “Curr. Dir. Biomed.,vol. 1, no. 1, Jan 2015 
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Workflow management is a prerequisite for 
computer-aided surgical assistance, situation-
awareness 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. 

 
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].  

 
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].  

 
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 context-
sensitive 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. 

[1] H. Nakawala, et al. “Ontology-based surgical assistance 
system for instruments recognition”, CRAS Joint 
Workshop On New Technologies for CARS, 2015. 

[2] D. Katic et al. “LapOntoSPM: an ontology for laparoscopic 
surgeries and its application to surgical phase 
recognition” In Int J CARS 10:1427–1434, 2015. 

[3] P. Jannin, X. Morandi, “Surgical models for computer-
assisted neurosurgery” In NeuroImage 37(3):783–91, 
2007. 

[4] J. Neumann, E. Schreiber, T. Neumuth, „Ontology-based 
surgical process modeling by using SNOMED CT concepts 
and concept model attributes,” In Proc. of CARS, 2016. 

[5] T. Neumuth et al. “Acquisition of Process Descriptions 
from Surgical Interventions,” In S. Bressan et al, Database 
and Expert Systems Applications, pp. 602–611, 2006. 

[6] R. Neemitz “Surgical Instrumentation: An Interactive 
Approach”, 2014.
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1 
 

Design of a Novel Vascular Plug Delivery Device for Minimally 
Invasive Surgical Closure of Aortic Paravalvular Leaks  

1. Introduction 
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. 

 

 

 

 

 

 

 

 

 

2. Methods 
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. 

Left; Circled in red, indicating the size of the 
aortic PVL . LA – left atrium, AV – aortoc valve. Right; 
indicating the purstring suture at the entry site of the 
acsending aorta  . 

Purstring at the  
site of entry 

Location of  
Aortic PVL 
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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. 

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.  

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 
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 

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. 

Figure 1: 

4. Conclusion 
Ultrasound acquisition of the radial artery pre- 
and 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.
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3D Imaging with a Single-element Forward-looking steerable IVUS 
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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 

diameter and has 4 inner cores that are used to 
reconstruct the shape through optical frequency-
domain 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 
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 

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

 
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. 

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. 
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Design, Analysis and Hydrodynamic Assessment of a Novel 
Transcatheter Mitral Valve 

1. Introduction 
Mitral regurgitation is a common mitral valve dys-
function 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 ab-
stract presents a novel transcatheter mitral valve 
recently developed at UCL, and describes its pre-
liminary preclinical assessment. 

2. Methods 
The valve consists of a self-expanding wireframe 
structure made from superelastic NiTi alloy, sup-
porting two leaflets and a sealing component made 
from xenograft pericardium. The frame was de-
signed to provide adequate matching to the D-
shape mitral valve anatomy, and optimised numer-
ically (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 pack-
age LS-Dyna). These were designed to minimise the 
stress during systole and provide sufficient length 
to guarantee proper coaptation at different geome-
tries 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, reduc-
ing paravalvular leakage. A skirt made from a PET 
mesh was included to gently distribute the anchor-
ing force over the annulus (Fig. 2b). The hydrody-
namic 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 geom-
etry was 835 MPa, which is below the yield stress 
for the martensitic phase. The crimped stent geom-
etry (Fig.1d) was in a good agreement with the sim-
ulation results (Fig.1.b).  tests confirmed a 

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

 
Figure 1:

 
Figure 2: 

Figure 3:

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

References 
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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.   

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. 

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. 

 
Figure 1: Schematic representation of using a multi-
steerable catheter in cardiac applications.  

4. Discussion & Conclusion 
This study presents an innovative design of a multi-
steerable 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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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. 

 
In targeted applications as vascular occlusions or 
transbronchial biopsies, the performance of 
granular jamming solutions may be evaluated by 
the flexural rigidity  (with  Young’s modulus 
and  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  by measuring the force-
deflection 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. 

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

about the equivalent compressive Young’s 
modulus, yield and ultimate strengths. The study in 
Mohr’s circles allows to observe the Mohr-
Coulomb failure criterion: , 
with  the shear stress at failure,  the cohesion 
of the material,  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. 

 

 
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.

[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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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. 

 
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 band-
pass 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. 

 
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 

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.  

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. 

 
Preliminary results show that from the time-
varying 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.   

[1] G. Kitagawa, "Introduction to time series modeling". CRC 
Press, 2010. 

[2] S. Thanagasundram, S. Spurgeon, F. Soares Schlindwein, 
"A fault detection tool using analysis from an 
autoregressive model pole trajectory, " Journal of Sound 
and Vibration, vol. 317, no. 3, p. 975-993, 2008. 

[3] A. Illanes, M. Haritopoulos, "Fetal heart rate feature 
extraction from cardiotocographic recordings through 
autoregressive model's power spectral-and pole-based 
analysis," Proceedings of the 37th Annual International 
Conference of the IEEE-EMBS,  vol. 37, p. 5842-5845, 
2015.  
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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 

 
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 

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 
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 Inside-
Out 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] 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.  

[2] 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); 

11.02



Session - MR-Guided Interventions118

Abstract

 

 

 

 

11.03



Session - MR-Guided Interventions 119

Abstract

 

 

 

 

 

11.04



Session - MR-Guided Interventions120

Abstract

A review of labeling information of commercially available MRI 
accessories related to IEC 62570 standardized ‚MR Safe’ and ‘MR 

Conditional’ labelling requirements 
³

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: 

 MRI audio and video systems 

 MRI gurneys 

 MRI goggles 

 MRI earmuffs 

 MRI injection systems 

 MRI suction pumps 

 MRI pulseoxymeters 

 MRI monitoring system 

 MRI positioning 

 MRI wheel chairs 

 MRI anesthesia machines 

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

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. 

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. 
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Performing ISO/TS 10974 ‘Sequence of Sequences’ (SoS) for 
Combined Field Testing (CFT) for active implantable medical devices 

(AIMD) on a clinical scanner 

1. Introduction 

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.  

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 3-
axes search coil.  

3. Results 

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:

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. 
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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. 

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.  

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.  

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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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) 

. 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. 

 
The 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). 

 
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. 

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

 
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. 

 
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. 

[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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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].  

 
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: 

 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.  

“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 axial-
handled laparoscopic needle holder (Group L) 
(Karl Storz) and a robotic handheld laparoscopic 
needle holder (Group R) with ergonomic handle 
(DEXTM, Dextérité Surgical). 

 
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. 
 
 
 
 
 
 
 
 
 

 Experimental set up showing a subject at the 
operation theater. 

 

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

[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.

12.02



Session - Ergonomics & Training128

Abstract

 

 

 

 

12.03



Session - Ergonomics & Training 129

Abstract 12.04



Session - Ergonomics & Training130

Abstract

±
±

12.05



Session - Ergonomics & Training 131

Abstract

Preliminary usability validation of an e-learning laparoscopic course 
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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 single-
blind 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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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 low-
cost cystoscopy training platform for training non-
expert 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). 

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 light-
dependent resistors. A simple potential divider 
design allowed for light thresholding-based 
detection of the cystoscope’s light source when it 

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. 

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

4. Discussion & Conclusion 
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. 

References 
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1. Introduction 
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. 

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, non-
modified surgical tools (Figure 1). 

 
Figure 1: Set-up for the KTS serious game validation. It 
only requires a laptop (left) although it can also be 
connected to a laparoscopic tower (right). 

3. Results 
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. 

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 
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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 multi-
infusion 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.  

 
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 multi-
infusion 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].    

 
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 

the use of infusion, more than 80% of those who 
answered held that the drug delivery in multi-
infusion 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.   

 
Although there has been an increase in evidence-
based 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.  
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