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EchoVice - Improving echocardiography images through stabilizing ultrasound probes.

EchoVice is a medical device placed in the mouthpiece of the patient, which prevents displacement of ultrasound
probes during percutan heart valve intervention and cardiology examinations. EchoVice achieves this by securing
the probe while still enabling it to be rotated freely by the operator. This is done by applying pressure to the probe
with parts that allow rotation around the probe´s axis whilst hindering movement along the axis. The device is
controlled by a small dial fitted on the probe handle. 
 
The clinical problem is caused by the esophageal muscles contracting and displacing the probe during
examination. This displacement either complicates the acquisitions of images or degrades quality thereof. To
combat this cardiologist has to pause the procedure to reposition the probe, often multiple times during a surgery.
The repositioning forces the cardiologist to assume a poor work position and prolongs the procedure.  
 
Currently the cardiologist would need three hands to perform the procedure satisfactorily. The device acts as the
surgeon\'s third-hand allowing the cardiologist to concentrate on producing the best possible images without having
to fight the muscles in the oesophagus, which are not fully immobilised during the procedure. 
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3-dimensional RT-dose projected on bone

Background: When a patient is diagnosed with head and neck cancer, they will often be treated with radiation
therapy which poses a risk of developing severe complications such as osteoradionecrosis of the mandible after
ended treatment.  
 
 
 
Current practice: When severe osteoradionecrosis is diagnosed the operating surgeon will plan the surgery from at
computed tomography (CT) scan and a biopsy. The surgeon will usually perform the surgery by making a cut in the
middle of the affected area in the bone and perform multiple cuts to both sides until healthy bleeding from the
mandible appears. This process makes the surgery tedious which may result in not removing enough of the
mandible causing the osteoradionecrosis to persist. On the other hand, the surgeon might remove too much and
cause the patient unnecessary complications. 
 
 
 
Data basis: Studies have shown that there is a direct correlation between the amount of radiation the mandible has
been exposed to and the development of osteoradionecrosis. As the patient already has a CT-scan with
accompanying information on radiation dose from before and a CT-scan from after the diagnosis, this information
would be optimal to use for planning the surgery. 
 
 
 
Aim: Our aim is to use this data to generate a 3-dimensional interactive model of the osteoradionecrotic mandible
projected with the radiation dose from the radiation treatment (See image 1). This would be a tool for planning the
surgery and reduce the risk of the afore-mentioned complications. 
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Grasp force feedback from prostheses for the reduction of phantom limb pain

Phantom limb pain (PLP) is disabling for the everyday life of amputees. Many amputees therefore need treatment
for their PLP. Several nonmedical treatments have shown promise in relieving PLP. Restoring sensory feedback
from the prosthesis has shown potential to increase user embodiment, and thereby relieve PLP. Only few provide
sensory feedback to the user.  
 
In this project an add-on system for transradial prostheses, to potentially relieve PLP was developed. The system
was designed as a modality matched feedback system with a force sensor measuring pressure in a glove. The
pressure on the sensor gets detected by a microcontroller that provides an input signal to a custom-designed 3D-
printed actuator placed on the users\' bicep. The actuator was designed so the pressure did not reach the pain
threshold of the user. Moreover, the resolution of the feedback pressure as perceived by the user was identified.
This was done by finding the smallest magnitude of pressure change that is detectable by the subject, (Just
Noticable Difference; JND). Across 15 able-bodied subjects the JND of the system was estimated to be 6.32 % (±
3.35 %), which is comparable with the JND for pressure of a hand (5 - 10 %). This suggests that the system might
increase the embodiment of the prosthesis and thereby increase the cognitive and perceptual integration of a
prosthesis to the amputee’s body which is important when reducing PLP. However further testing to evaluate effect
on PLP, amputee subjects is needed. 
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Sensing System to Encourage Patients with Paresis after Stroke to Train the Affected
Upper Limb

Ane Kathrine W. d. J. Nielsen, BSc stud (a), Laura Birch, BSc stud (a) | Henrik Kjeldsen, PhD (a) | Iris Brunner,
PhD (b)  
 
 
 
(a) Department of Electrical and Computer Engineering, University of Aarhus, Denmark  
 
 
 
(b) Hammel Neurocenter,, University of Aarhus, Denmark  
 
 
 
Background: Patients with upper limb paresis after stroke require frequent exercise to regain motor function. While
physical therapy is necessary to improve the affected limb, time outside therapy also provides an opportunity to
increase upper limb use in daily activities. Furthermore, continuing rehabilitation at home is also key to optimal
recovery. It is often a challenge for stroke patients to remain motivated to self-exercise hence a more enjoyable
and engaging exercise process might promote upper limb activity for these patients.  
 
 
 
Objective: To develop a system intended to support self-exercising, remind and motivate patients to move their
affected upper limb during and after their inpatient rehabilitation has ended. It will consist of a wearable device
sending real-time data on upper limb activity detected by a 9-axis inertial measurement unit to an app on the
patient’s smartphone. 
 
 
 
The wearable device vibrates after a defined period of inactivity and reminds the patient to exercise using the app.
During exercise, the patient receives live feedback on upper limb movement. Additionally, activity statistics allow
the patient to follow their progress.  
 
 
 
Method: A user-centered design approach is taken to ensure that the design is based on an understanding of the
patients and their needs. This will be achieved through interviews, questionnaires and user tests.
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Abdominal Aortic Aneurysm Measurement Error: Ultrasound transducer pressure

An aortic aneurysm is a bulge in the aorta, the main blood vessel that carries blood from the heart to the rest of the
body. If an aortic aneurysm ruptures, it can cause life-threatening internal bleeding. Abdominal aortic aneurysms
are often asymptomatic and are usually found incidentally during imaging for other reasons. 
 
 
 
When performing systematic screening of patients for aneurysms using ultrasound there is a risk of introducing
measurement error which can lead to a wrong diagnosis. This can result in unnecessary anxiety for patients and
invasive testing or treatment that may have its own risks. One source of error is the transducer pressure, how hard
the operator pushes the probe on the stomach. 
 
 
 
In one research project, we estimated this error utilizing medical simulation and 3D printed phantoms. In a clinical
follow-up project, we tested our device for procedural quality, and found that transducer pressure should be of
concern. We are still discussing the right way to utilize measured transducer pressures. 
 
 
 
The presentation will cover the problem, the development of the measurement tool, and touch upon the published
clinical data from our investigations.
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Ultrasound Phantom - Peripheral Venous Catheter

Ultrasound guided catheter insertion is a procedure in which a catheter is inserted into the body using ultrasound to
guide the placement. The procedure is used to insert a variety of catheters, including those used for dialysis,
chemotherapy, and blood transfusions. The ultrasound allows the physician to see the placement of the catheter in
real-time and avoid potential complications. 
 
 
 
One of the challenges of ultrasound guided catheter insertion is that it requires a high level of skill and training. The
physician must be able to interpret the ultrasound images and guide the catheter accordingly.  
 
 
 
Additionally, the procedure must be performed quickly and accurately to avoid potential complications. Another
challenge of ultrasound guided catheter insertion is that it is often performed on critically ill or unstable patients.
These patients are at a higher risk for complications from the procedure and require close monitoring.  
 
 
 
Despite the challenges, ultrasound guided catheter insertion is a safe and effective procedure when performed by
a trained physician. Practice is needed to ensure that the physician is able to interpret the ultrasound images and
guide the catheter accurately and quickly. 
 
 
 
Based on the learning objectives for a ultrasound guided peripheral venous catheterization, we have developed a
phantom with different variants that allow for high quality, and theoretically sound practice of ultrasound guided
catheterization. This poster presents technical considerations and design constraints for the training phantom. 
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Ultrasound Phantom - Cricothyrotomy

In order for hospitals to increase the quality and safety of patient care, it is important that doctors keep their
theoretical and practical skills up to date. This project highlights the importance of ultrasound-guided intubation
training so that doctors can perform a successful cricothyrotomy on patients with difficult airways. Patients with
difficult airways is hard to intubate successfully by only using the palpation method. 
 
 
 
Several studies using patients as test subjects describes that the success rate of identifying the cricothyroid
membrane without failure is significantly higher if the doctor performs an ultrasound scan of the patients’ airways
compared to only using palpation. 
 
 
 
The purpose of the project is to develop a simulation model of the larynx covered with ultrasound material so that
doctors can practice longitudinal and transverse technique on a simulated larynx rather than on an alive individual.
This training aims to make doctors more prepared to use the techniques on real patients with difficult airways,
which should lead to an increase in successful intubations.  
 
 
 
During the project there will be developed different versions of the larynx which will be designed in OpenSCAD, 3D
Builder or a combination of several 3D programs. After the model is designed, it must be 3D-printed and molded in
silicone, whereafter the model is covered with ballistic gel. During the development process, the model will be
tested by doctors, and they will provide feedback continuously. This feedback means that the most optimal model
is developed based on their wishes. 
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Patient Specific Radiation Bolus

There is a constant need and desire to get better diagnostics and treatment of patients to cure as many patients as
possible with a high success rate. Proper equipment is required to assist healthcare professionals.  
 
A bolus is used when performing radiation therapy targeting superficial cancer. The bolus is tissue equivalent and
ensures a flat and even surface when applied to the skin. The bolus provides a uniform and even dose of radiation
on the skin by solving the skin-sparing effect. When treating superficial cancer, a bolus is needed for the radiation
to be the most efficient on the skin. The commercial skin bolus is not formable, and on uneven surfaces like the
ear, it will create air gaps. The air gaps result in reduced radiation on the skin surface, and the patient will not
receive the expected dose of radiation. Therefore, the bolus must be detailed to fit the patient’s ear as perfectly as
possible. 
 
Our way to solve this is by semi-automating the proces making a patient-specific bolus. This is done by obtaining a
3D scan of the patient’s ear using an iPhone and an app called Heges, and processing the information in
OpenSCAD. At the course of the process the 3D scan is 3D printed to create a mold for casting the bolus. The
casted bolus will fit the specific patient and air gaps will be reduced to treat the patient better.  
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Hvil Hub: Scaling medical treatment and therapy

Modern health care systems are under enormous demographic pressure today. Scalability and polymorphic
solutions could be key to solving these challenges. Compared to more traditional medical devices, software can
more easily be developed to scale and expand onto other fields by providing a modifiable service to meet varying
needs. 
 
Here in lies the potential to treat millions of patients with the effort of treating a few. 
 
Hvil Hub aims to explore the possibilities for scaling therapy and medical treatment through software. The project is
a concrete solution to an existing problem formulated in cooperation with Enversion A\/S as part of the
development of their insomnia therapy mobile app Hvil®. Our solution aims to make it easy to expand Hvil® to
other fields of therapy or treatment such as therapy for stress, post-surgery rehabilitation, depression, anxiety or
any other time-based therapy or treatment. 
 
We want to make it possible to easily make specialised therapy applications from the bottom but as fast as setting
up a WordPress webpage. Potentially providing an out-of-the-box medical treatment or therapy app building
service that could be deployed by a hospital ward or a research team within days. 
 
By building on top of the existing GDPR-compliance, UX-design and tech-stack we assure data integrity, flawless
user experience and strong maintainability. 
 
In phase one we are building a proof of concept that can create new content in the existing Hvil® app via a
website.  
 
The web application is built with VueJs, Ionic, Back4App and NodeJS.
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The Sealing Efficacy of Left Atrial Appendage Occlusion

Background 
 
Atrial fibrillation (AF) is the most common cardiac arrhythmia. Patients with AF have a five-fold increased risk of
ischemic stroke. The prevailing mechanism leading to stroke in AF is thrombus formation and embolization to the
cerebral circulation. Due to low blood flow and stasis, thrombus formation tends to occur in the left atrial
appendage (LAA). Catheter-based LAA occlusion (LAAO) is a treatment option to prevent this. However, several
challenges remain such as the presence of peri-device leaks (PDL), potentially leaving the patient at risk of
residual thromboembolism from the LAA. The LAA orifice often has an oval shape, which might cause an
anatomical mismatch with the circular shape of the occluders. However, the biomechanical interplay between
device conformity and landing zone (LZ) morphology has been only sparsely described.  
 
 
 
Aims of study 
 
1. To investigate shape fitting of contemporary LAAO devices and their ability to ensure complete occlusion when
employed in different rigid landing zone geometries. 
 
2. To investigate sealing of LAAO device conformity in flexible landing zones. 
 
3. To investigate the impact on local flow patterns in the left atrium after LAAO. 
 
 
 
Methods 
 
The adaptation of the occluders Watchman FLX and Amplatzer Amulet will be investigated, using a rigid 3D printed
LZ geometry. This will be followed by an investigation of the adaptation interplay using porcine LAA and synthetic
tissue resembling human LAA characteristics. From these LZ optimization results, a study on LAAO’s impact on
the left atrial blood flow, using cardiovascular magnetic resonance 4D flow, will be conducted.
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