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Abstract: Background: Visualization of standard needles at steep angles 

in clinical Ultrasound (US) images is a problematic and important con-

cern. This systematic review evaluates published studies that investigate 

echogenic needles and how surface enhancements can improve needle 

visualization. Method: A systematic search was performed in five data-

bases: Cochrane Library, Embase (through Ovid), MEDLINE (through 

PubMed), Scopus, and Web of Science from inception to April 12th, 

2017.  Each search was based on the search terms: ultrasound, needle, 

visualization, and comparison, with related synonyms and spelling mat-

ters. Results: 29 studies were identified and included in the qualitative 

synthesis. Conclusion: Overall, studies agree, that echogenic surface 

enhancements improve needle visualization in US images at steep angles 

regardless of target, applied US device and probe, operators, assessors, 

and methods of assessment.  
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BRAIN ACTIVITY ASSOCIATED WITH SKILLED HAND MOTOR TRAINING 
 
Learning a new motor skill is crucial in both healthy and pathological condi-
tions; this requires many training hours. Techniques such as transcranial mag-
netic stimulation and functional magnetic resonance imaging can be used for 
quantifying brain changes associated with the training, but the techniques pose 
some challenges due to utility, cost and safety. Electroencephalography (EEG) 
offers an attractive alternative. Movement-related cortical potentials (MRCPs), 
which can be extracted from EEG during movement, have been shown to 
change with motor training, but conflicting results have been reported. In this 
study it was investigated how the MRCP are affected by a single (n=14) and six 
sessions (n=18) of skilled hand training (laparoscopic surgery simulation). 90 
palmar grasps (Fig. 1A) were performed before and after 1x45 (or 6x45) min of 
motor training (Fig. 1B) with the non-dominant hand. Four channels of EEG 
were recorded over the motor cortex during the movements. Single-trial 
MRCPs were averaged, and the amplitude around the movement onset was 
calculated and compared before and after the training. An increased MRCP 
amplitude was observed after a single session of training (Fig. 1C), and a de-
crease was observed after six sessions (Fig. 1D). In conclusion, the MRCP 
changes after motor training, but there is marked intra- and inter-subject varia-
bility. This may have implications for therapists when evaluating patients trying 
to relearn movements. 

 
Fig. 1: Experimental setup (A+B) and results (C+D). 
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EFFECT OF SYSTEM CALIBRATION AND SUBJECT TRAINING ON LONG-TERM 

BRAIN-COMPUTER INTERFACE PERFORMANCE 
 
A brain-computer interface (BCI) enables a user to control an external device 

using only the brain activity. BCIs have primarily been used for communica-

tion, control and rehabilitation, but despite the application they must be cali-

brated, and often the user needs training to learn to control them. The aim of 

this work was to test three calibration paradigms (CP) and if subject training 

improved online BCI performance over time (Fig.1A). Movement-related corti-

cal potentials (MRCPs) associated with dorsiflexions of the ankle were detected 

(template matching) from continuous EEG recordings in 7 healthy volunteers; 

the intended use of this BCI is for stroke rehabilitation. The BCI was calibrated 

in three ways based on: 1) old data, 2) new data (from the specific session), and 

3) old+new data. Training consisted of 2x30 movements, while CP testing con-

sisted of 2x20 movements. The true positive rate was ~80% with ~1.5 false 

positive detections/min (Fig.1B). Using a 2-way ANOVA, the effect of ‘calibra-

tion paradigm’ and ‘session’ was not significant, which is also reflected in the 

MRCP morphology (Fig.1C). These results suggest that when using the MRCP 

as control signal no subject training is needed, and that system calibration each 

day is not necessary. This could be relevant for transferring MRCP-BCI to 

clinical practice; however, future studies with stroke patients are needed.      

 
Fig. 1: Experimental design (A) and results (B+C). 
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EFFECT OF ARM POSITION ON HAND GESTURE CLASSIFICATION USING 

INTRAMUSCULAR EMG 
 
Different approaches to operate myoelectric-controlled upper limb prostheses 

exist, but all of them require calibration for optimal control due to variations in 

electrode positions when donning the prostheses etc. However, training move-

ments for the calibration are often performed in one position although the actual 

use of the prosthesis includes a wide variety of positions. This calibration setup 

may impede the control of the prosthesis due to the position of the arm. In this 

study, it was investigated how the classification of five hand gestures was af-

fected when the movements were performed in four positions (Fig.1). Two 

channels of intramuscular EMG (iEMG) were recorded from the flexor and 

extensor muscles in the right forearm from eight able-bodied subjects; each of 

the five hand gestures was performed four times in each position. Hudgins’ time 

domain features were extracted from the bandpass-filtered data and classified 

using naïve Bayes. Three classification scenarios were evaluated: 1) within 

position classification (WPC), 2) across position classification (APC), and 3) 

between position classification (BPC). The obtained classification accuracies 

were: 95±4%, 86±6%, and 74±6% for WPC, APC and BPC, respectively. The 

findings suggest that the arm position affects the classification accuracies. This 

could potentially be solved by identifying position invariant features or by using 

sensor technology such as accelerometers to indicate the position of the pros-

thesis. 

 
Fig. 1: Experimental setup. 
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DIAGNOSIS OF CORONARY ARTERY DISEASE USING MACHINE 
LEARNING TECHNIQUES AND ELECTRONIC HEALTH RECORD 

DATA 
The currently used Diamond & Forrester (D&F) model have shown to be 
inaccurate in determining the patients pre-test risk of having coronary artery 
disease (CAD). This project seeks to improve the diagnosis of CAD in both 
symptomatic patients enrolled in heart packages (population 1) and patients 
with an increased risk of developing CAD (population 2), by combining 
machine learning and electronic health record (EHR) data.  
 
Medical and administrative data were extracted from a health system’s EHR, 
consisting of 1.3 million patients. A population of symptomatic patients (2.912 
incident cases and 5.417 controls), and a population of patients at an increased 
risk (12.783 incident cases and 23.776 controls, matched on age and gender) 
were selected. A 210-day observation window of cases and controls, and two 
distinct prediction windows of in average 3 days and 100 days respectively, 
were used. The non-sequential model was based on logistic regression utilizing 
81 groups of features, with equal frequency binning representation of continu-
ous measurements values, and trend analysis of vital parameters. A recurrent 
neural network with LSTM units and context data, was used to model the 
temporal relationship between each medical event in the sequential model.  
 
The area under the curve (AUC) for the non-sequential model when using the 
long-term prediction window were 0.755 and 0.865 for population 1 and 2 
respectively. Using the short-term prediction window, the AUC increased to 
0.800 for population 1, and 0.902 for population 2. All of the developed models 
outperformed the currently used D&F model.  
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Figure 5.2: ROC-curve for the D&F model applied on both populations and prediction
windows.
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Figure 5.3: ROC-curve for the non-sequential model applied on both populations and
prediction windows.
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Figure 5.4: ROC-curve for the sequential model applied on both populations and the
long-term prediction window.

 
Fig. 1: ROC-Curves for the non-sequential method applied on                     

population 1 and 2 respectively.   
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Symptom burden in the first 3 years of life as determinant for later asthma 

development: A machine learning approach 

 

The approach of this study has been to investigate the COPSAC2010 cohort 

study in classifying asthmatic children from healthy as well as classifying 

whether asthmatic children loose their diagnosis before age 5 (transient) or not 

(ongoing) with respect to symptom burdens and characteristics. Symptom 

parameters of investigation include cough, breathless and wheeze, parameters 

broadly acknowledged as central symptom parameters as determinants of 

asthma, where the discriminative qualities of separate symptom parameters will 

be compared to one common symptom parameter - merged - including cough, 

breathless and wheeze. To do so features have been extracted from the 

COPSAC cohort describing each child with respect to its symptom burden in 

terms of cough, breathless and wheeze. Features have been made in the attempt 

to get feature subsets where seasonal changes, frequency (number of periods) 

and amplitude (duration of symptom periods) are included. Feature selection 

methods have been applied to the features using Fisher method and these 

features have been given as input to machine learning algorithms - LDA and 

Bayesian. Furthermore Pearson matrices have been used to identify redundant 

features in the attempt to enhance performance of the obtained results from the 

machine learning algorithms. Outcomes when removing redundant features 

show that only little or no changes in model performance was achieved by 

removing redundant features. Results show that the two machine learning 

approaches in general have the same performances in terms of total accuracy, 

sensitivity and specificity. 

The highest total accuracy for asthma/healthy and transient/ongoing 

classification was achieved using LDA including hence 1 and 9 features.  
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Automatic Robust Sleep Staging Algorithm using Random Forest 

Classification 
 

A consistent sleep pattern is important for the well-being of humans, and varia-

tion in sleep rhythms has been found to have a strong correlation with patholo-

gy. Study of sleep has thus proven to be important in the research of neurologi-

cal pathologies. Recent studies have shown that muscle activity during the rapid 

eye movement stage of sleep in combination with recurrent dream enacting 

behaviour, REM behaviour disorder (RBD), may be an early biomarker for a 

number of different neurological diseases. Thus, accurate REM sleep detection 

without the use of electromyography (EMG) promotes the study of these pa-

thologies. Manual sleep staging to facilitate study of RBD is a slow and cum-

bersome process, which restricts the potential for research. Furthermore, manual 

sleep staging is inconsistent and expensive. This project suggests an automatic 

sleep staging model to combat these problems, using only the data from the 

electroencephalography (EEG) and electrooculography (EOG) recordings. Data 

from the Danish Center of Sleep Medicine (DCSM) consisting of poly-

somnograms recorded on 20 healthy subject, were used to optimize the pro-

posed model using machine learning. The automatic sleep staging algorithm 

achieved an overall accuracy of 91.4 % when compared with the sleep expert at 

DCSM. The proposed model performed better than other published models, but 

it has to be taken into account that some of these have been designed with 

slightly different purposes in mind. The proposed model is still in need of im-

provement before practical implementation. 
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