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Summary 
This project addressed the chain responsibility with respect to technological aspects of the use of 
CFM at the NICU. These different aspects were either supported or performed as part of the 
assignments of a "Qualified Medical Engineer." 

The first part of this project included the purchase advice of a new monitor and its 
implementation. For the NICU of the MMC the NicoletOne is introduced as a second clinical 
monitor, due to its extended possibilities including the amount of channels, analysis methods and 
due to its possibility to connect to the network. Some adaptations to accommodate for example 
touch screen use have made the monitor more suitable for its use at the NICU. Moreover 
concerning hardware, to improve the comfort for the patient, different adhesive electrodes have 
been examined. The most suitable type of electrode resulted in electrode caps - although their 
long-term suitability has not yet been proved - and disposable clear gel Ag/AgCl electrodes. They 
do not damage the fragile skin of the newborn, and give reliable measurements in the warm and 
humid environment of the incubator. 

An essential aspect of the chain responsibility concerned the training of medical personnel of the 
NICU. Oral instructions turned out to be insufficient as an adequate training for the use of the 
CFM monitor and for the interpretation of CFM signals. Training needs analysis resulted that 
there is a training need for medical specialists, residents, and nurses, in both performance and 
interpretation of the CFM measurements. A training program, called the CFM simulator, has 
been designed to fulfill this need. In the design pedagogical principles have been taken into 
account. Within different levels a theoretical knowledge is built, and CFM measurements are 
simulated and trained. The program has different trajectories for different target groups, i.e. 
medical specialists, residents, and nurses, to meet their individual training need. 

As a final step in the chain responsibility, to enhance the knowledge concerning the measured 
signals, two projects have been described for automated analysis of the EEG and CFM signals. In 
the first project, an algorithm for the automatic detection of seizures in CFM signals has been 
developed. The algorithm had good results for seizures that were clear to expert 
neurophysiologists. It can be used to help in the interpretation of CFM signals, and as an alarm 
function on the monitor. The second project concerned the underlying EEG signals for preterm 
newborns. The final goal of the overall project is to obtain measures for the quantitative 
description of the maturation of the brain function of preterm infants. Based on the developed 
algorithm to categorize the background patterns of EEG signals of prematures we conclude that 
the visual interpretation of the signal by medical experts is liable to subjectivity, and the 
algorithm has relatively good results with respect to the detection of different background 
patterns. This supports the need for introduction of automatic analysis in clinical practice to 
improve diagnostics. 

With this project a substantial foundation has been made for adequate, technologically skilled and 
fully functioning use of CFM at the NICU. 
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Chapter 1 

Introduction 

During the last decade the cerebral function of the newborn has become one of the focus points at 
the Neonatal Intensive Care Unit (NICU). Advancements in both gynecology and neonatology 
have increased the survival rate of newborns at the NICU. However, many of the surviving 
newborns are still at risk for cerebral injury. (de Kleine, 2007) Moreover, several studies have 
shown that prematures have a higher risk of a disturbed development later in their lives. (Bhutta, 
2002; de Kleine, 2003) 

The Cerebral Function Monitor (CFM) is introduced at the NICU to help in the diagnosis and in 
gaining a better understanding concerning cerebral function and dysfunction. (Hellstrom-Westas, 
2003) Other diagnostic methods for the cerebral function are clinical examination and 
electroencephalography (EEG). Clinical examination includes the observation of the newborn 
and its reactions, but is limited, especially after sedation of the newborn. The EEG is an extended 
measurement of cerebral electrical activity over the whole cortex; it is generally performed for 30 
to 45 minutes and needs to be interpreted by a neurophysiologist. Although it is generally 
accepted as the golden standard for measurement of the cerebral function, it is not suitable for 
monitoring purposes. CFM measures only one or two EEG signals. The EEG signal is processed 
into a signal that gives valuable information when displayed at 6 cm/hour, the amplitude
integrated EEG signal (aEEG). (Maynard, 1969) Because of the measurement of only one or two 
signals that are compressed in time, using between three to six electrodes, it is a method that can 
be performed and interpreted by medical personnel with little experience in CFM and EEG. This 
makes the method suitable for long-term monitoring at the NICU. 

Although CFM is relatively easy compared to EEG, the users need to adapt to this fairly new 
technology at the department. User-friendly equipment will accommodate this. This will be taken 
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into account in the purchase of equipment, along with other demands, like the possibility to 
follow developments concerning CFM. Another essential part of the introduction of CFM is the 
regular training of medical personnel. They need to learn how to use the CFM device, what the 
important aspects for the performance of the measurement are, and how the measured signals can 
be interpreted. Finally, research regarding the analysis of the measured signals will enhance the 
knowledge of this method and thus its value for diagnostics. 

This project included the chain responsibility of a medical engineer regarding the introduction of 
CFM at the NICU of the Maxima Medical Center (MMC) in Veldhoven. This chain 
responsibility included the purchase advice of a new CFM monitor and its implementation for use 
at the NICU. Furthermore, electrodes have been compared for their suitability for CFM 
measurements. Besides adequate hardware, training of medical personnel is necessary for an 
optimal use of the monitor. Instruction at the MMC proved to be insufficient to reach the 
different target groups regularly. Medical specialists have very busy schedules and residents are 
substituted at intervals varying from six months to two years. Furthermore, nurses - about 70 at 
the NICU of the MMC - work regularly part-time or in night shifts and thus are not readily 
available. The need for instruction sessions turned out to be larger than the number offered. 
Therefore, a design has been made for an e-learning program, based on simulation principles. 
This training program, the CFM simulator, can be used by medical personnel to train individually 
in the performance and interpretation of CFM measurements, and to gain experience in 
recognizing the many different types of signals that exist. As a last topic of the chain 
responsibility is the enlargement of knowledge concerning the measured signals. The MMC has a 
research area that specializes in the quantitative analysis of medical signals in cooperation with 
the Eindhoven University of Technology (TU/e). The quantitative analysis of both EEG and 
CFM signals is intended to improve the diagnostic possibilities, and to gain a better 
understanding of the cerebral electrical activity of the newborn. This is therefore an important 
part of the chain of knowledge. In this project the quantitative analysis concerned the detection of 
seizures and the maturation of the cerebral activity of prematures. 

Content of report 
This report gives a description of the chain of medical technological aspects that surfaced with 
the introduction of CFM at the MMC in Veldhoven. Chapter 2 starts with a description of the 
background, concerning the importance of CFM. This is followed by a chapter including the 
aspects of hardware. Chapter 4 describes the instructions for medical personnel, followed by the 
design of the CFM simulator in chapter 5. Chapter 6 describes the projects of quantitative 
analysis of EEG and CFM. Chapter 7 ends this report with some concluding remarks. For the 
interested and expert readers, detailed descriptions of these different aspects are included in the 
appendices, represented in a separate report. 
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Chapter 2 

WhyuseCFM? 

This chapter describes the importance of CFM, based on the physiological aspects concerning 
cerebral dysfunction, and the different diagnostic tools, including EEG and CFM. A more 
extended description of the physiology and CFM is given in appendix A and B respectively. 

2.1 Physiology 

Birth can be a very traumatic experience for the child, where many complications can occur. 
Moreover, the newborn, especially the premature, is still in a crucial phase of rapid development. 
Some of the organs are still immature, and very susceptible to damage. 

During the process of birth and the first 2 weeks of life, complications may occur in the brain of 
the newborn. One of the most common complications is hypoxic ischemic encephalopathy (HIE), 
where the brain suffers a lack of oxygen either due to a lack of oxygen in the blood (hypoxia), or 
due to a lack of blood perfusion in the brain (ischemia). This lack of oxygen is very damaging to 
the newborn brain and may lead to cell death and thus brain injury. Another complication is due 
to the fragile nature of the immature blood vessels. This, in combination with the fact that the 
newborn has an immature blood pressure regulation system, causes blood vessels in the brain to 
break relatively easy. This is called a hemorrhage. A third type of cerebral complication that 
needs to be mentioned is the increased chance of infection of the newborn. A newborn has a 
decreased resistance, and is therefore susceptible to infections. Infections may cause brain 
damage as well. (Volpe, 2001) 
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For all these and some other types of cerebral diseases, one of the most distinct signs is a seizure. 
Seizures are an excessive synchronous depolarization of neurons. They may be caused by a 
disturbance in the energy production in the tissue, for example, by a lack of oxygen or glucose, 
an imbalance in neurotransmitters, or some other chemical substances. Seizures by themselves 
may cause disturbances in circulation and ventilation, and possibly brain injury. Therefore it is 
very important to recognize seizures and, if necessary, treat them. Seizures may be clinically 
recognizable by rhythmic or tonic movement activity of the body and/or limbs. However, 
seizures often are very subtle and difficult to distinguish from normal movements, for example, 
chewing movements and deviation of the eyes. Also, so called silent seizures occur without any 
clinical telltale signs. (Volpe, 2001) 

Even when no brain injury has been recognized during the neonatal period, the child may show a 
disturbed development later in its life. It has been shown that prematures have an increased risk 
of developing motor or cognitive disturbances at school age, and that this risk increases with 
decreasing gestational age. For very preterm infants, i.e. newborns born before 32 weeks of 
gestational age, a percentage of 30 to 40% shows disturbed development by the age of 5 years. It 
is not well understood where this disturbed development comes from. (Bhutta, 2002; de Kleine, 
2003) 

2.2 Diagnostic tools 

There are two types of neurological diagnostic methods: one to observe the anatomy and the 
other to observe the function of the brain. The anatomy may be observed clinically, using 
ultrasound, or by MRI scans. These methods are used to observe developmental disturbances, 
hemorrhages, and brain injury. However, before actual brain injury is formed, there are already 
disturbances in the functioning of the brain, as reflected in the neural impulses. The functioning 
of the brain can be observed by clinical examination. Cerebral clinical examination includes the 
consciousness of the newborn, its activity and movements, and its reactions. (Rennie, 2002). The 
functioning of the brain can also be measured more directly. In that case the electrical neural 
activity is measured. The conventional extended measurement is called the electro
encephalogram (EEG). The CFM measurement is derived from EEG for monitoring purposes. 

2.3 Electro-encephalography 

Electro-encephalography measures the cerebral electrical activity. The electrical activity 
generated by neural impulses is registered using between 11 and 23 electrodes, and subsequently 
amplified, and displayed. 

EEG measures the electrical responses caused by many neurons in the cortex. The potential 
differences of one neuron are very small (for the excitatory and inhibitory post synaptic potential 
that are the main source of the EEG signal, in the order of 5 to 10 m V). This causes extracellular 
potential differences in the order of a few microvolts that are even more reduced while passing 
membranes, skull and skin to the electrode that picks up the signal. However, the outer layer of 
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Figure 1: Electrode placement for EEG measurements according to the international 10-20 
electrode montage and the reduced electrode montage (right). (Tekgul, 2005) 
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Figure 2: Typical example of a 9-channel EEG signal (reduced montage, figure 1) of a 
neurologically healthy preterm, GA 28 weeks. (drs. H. Niemarkt, MMC Veldhoven) 

the brain, the cortex, contains many neurons, mostly in the same direction, and influencing each 
other's activity. These impulses are added together, and cause potential differences at the skin of 
up to 100 µV that can be measured by electrodes. (Cluitmans, 2002) 

Using either the reduced (Tekgul, 2005) or the original international 10-20 system (Jasper, 1958) 
(figure 1), either 9 or 21 active electrodes are used to obtain an image of the electrical activity 
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over the whole cortex. The active electrodes are those that measure the actual signals. An EEG 
signal is a potential difference of either one active electrode compared to a reference - the mono
polar measurement - or the potential difference between two active electrodes - the bipolar 
measurement. The EEG recording represents between 9 and 28 signals represent the electrical 
activity of the cortex. They are all simultaneously displayed on a screen (underneath each other) 
at a speed of 3 cm per second (figure 2). 

The EEG signal is very complicated, and needs to be interpreted by an expert. The signal seems 
chaotic, since it is originated in many different neurons. Within the signal there are many 
different aspects that can be recognized, like the frequency, i.e. the speed of fluctuation of the 
signal, spikes, repetitivity, synchrony, and symmetry. Moreover, due to the small amplitude of 
the signal it needs to be amplified. As a result other electrical signals that are picked up by the 
electrodes are amplified as well. These electrical signals that do not originate from neural 
impulses of the brain, but are visible in the EEG signal, are called artifacts. There are many 
different types of artifacts that can be generated by multiple causes, e.g., movement of the 
electrodes and electrode wires, muscle activity of the newborn, and interference of electrical 
devices close to the measurement set up. These artifacts make the interpretation of the EEG 
signal even more complex. Finally, the EEG signal is different for newborns of different 
gestational ages. A typical signal for a preterm newborn may be an abnormal signal for a full
term newborn. These factors added together make it necessary for an expert clinical 
neurophysiologist to interpret the signals. 

2.4 Cerebral Function Monitor 

Both clinical examination and EEG measurements are valuable to assess the function of the brain 
of the newborn, however they are limited. The clinical examination can be performed at any time, 
but is not always reliable when medication has been administered. The EEG measurement gives 
extra information concerning cerebral electrical activity in the cortex. However, mainly due to the 
time-consuming and complicated electrode placement - typically about 45 to 60 minutes for 23 
electrodes - and the complexity of interpretation by a specialized MD, this method is not very 
suitable for long-term monitoring purposes. 

CFM has been introduced to the NICU as an extra monitoring device for the cerebral function. It 
measures one or two EEG signals in the parietal or central-parietal area, respectively P3P4 or 
C3P3 C4P4 according to the international 10-20 system (figure 1). The time required for placing 
the electrodes is limited to about 5 to 10 minutes. The EEG signal is subsequently processed into 
a so-called amplitude-integrated EEG signal (aEEG, the name amplitude-integrated does not 
relate to the methodology in which the signal is obtained). In this process the EEG signal is 
heavily filtered in the frequency domain, the envelope of this signal is generated. Finally, the 
signal is compressed in time, and the amplitude is partly displayed on a logarithmic scale 
(potential differences smaller than 10 µV are displayed linear, and larger than lOµV are displayed 
logarithmic). The resulting signal can be regarded as a simplified version of the EEG signal, 
which gives an overview of several hours elapsed time on a single screen. 
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The features that can be recognized from the aEEG signal are the background pattern, seizures, 
and sleep-wake cycles (figure 3). The background pattern is the average amplitude (referred to as 
"height") and amplitude band width (referred to as "width") of the aEEG signal. The height of 
the signal is related to the activity in the brain, where a higher activity causes a higher aEEG 
signal. Seizures are, as described, an excessive synchronous depolarization of neurons, and 
therefore characterized in the aEEG signal by an increase of the signal, mainly of the lower 
boundary. This increase has a sudden beginning and end, usually on a time scale of seconds, and 
may have a duration from 10 seconds until up to more than one hour. Sleep-wake cycles are 
characterized by a variation in the width of the signal, where one cycle has a typical duration of 
about one hour. The "broad" parts of the signal (about 20 minutes) are related to quiet sleep, and 
the "narrow" parts of the signal are related to active sleep or wakefulness. With adequate 
training, these signals are easy to recognize for all medical personnel. This guarantees a rapid 
response to an emergency that needs immediate attention or medication. 

The height of the signal, i.e. the over-all activity in the brain, is an important diagnostic factor. 
Also the speed of recovery from an abnormally low aEEG background pattern is very important. 
Seizures, as mentioned, are an important indicator of neurological dysfunction. Moreover, they 
may cause injury and need to be treated. Full sleep-wake cycles are only seen in newborns from 
36 weeks of postmenstrual age (PMA), i.e. the duration of pregnancy summed with the age of the 
newborn. Absence of sleep-wake cycles in full-term newborns are also an indicator of cerebral 
dysfunction. 

The extra value that the introduction of the CFM gives is a possibility of monitoring the cerebral 
function, regardless of medication that suppresses the motor activity of the newborn. It should be 
emphasized that this method is not a substitution for the EEG measurements, but an addition. 
EEG gives the possibility to view the electrical signals over the whole cortex in detail, over a 
period of 30 to 45 minutes. CFM on the other hand, gives information only on the parietal (and 
central in case of a two-channel CFM measurement) electrical activity, but over several days. The 
extra information that is gained includes recovery time of background patterns (general cerebral 
activity), generalized and focal parietal seizures, and sleep-wake cycles. In Figure 3, typical CFM 
signals showing these phenomena are presented. 
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Figure 3: The different features that can be recognizedfrom a CFM signal. A: background 
pattern that changes after medication was administered, marked by the arrow; B: seizures 
(marked by arrows), characterized as a sudden increase of the aEEG signal, mainly of the lower 
boundary; C: sleep-wake cycles, characterized by the variation of the width of the aEEG trace. 

12 



Chapter 3 

Hardware 

For an adequate use of cerebral function monitoring, having the proper equipment is an essential 
prerequisite. In the MMC, the NICU concluded that extra CFM monitors were necessary to 
improve the quality of health care. Choosing a new piece of diagnostic equipment is a process 
that has to be taken seriously, to avoid mistakes or sub-optimal solutions on the long term. The 
purchase advice and implementation of the new monitor are an essential part of managing the 
chain of knowledge. The results of this process analyzing the robust requirements and convenient 
features are described in this chapter. Appendix C gives a more detailed description and appendix 
D gives the user protocols. Also, the specific type of electrodes used is essential for a reliable, 
reproducible, and user- and patient-friendly measurement. The different options for electrodes are 
described in the final paragraph, and more elaborately in appendix E. 

3.1 Monitors on the market 

One CFM monitor proved to be insufficient to monitor the newborns suspect of neurological 
dysfunction. The NICU of the MMC is a department of 18 beds. About 45 out of 280 infants per 
year are in need of continuous cerebral monitoring. Because of this, in practice more infants have 
been at the NICU at the same time, in need for CFM monitoring. The process of a purchase 
advice followed from this. 

The main demands of the department were, that the new CFM device is user-friendly, easy to 
learn, and that the monitor does not hinder the regular actions around the incubator, i.e. that the 
monitor can be placed on a shelf. Another demand is that there will be a connection of the 
monitor with the network. This is for easy data storage, but also for the future plans of the 
organization of a new NICU department - where newborns will be placed separately, with the 
mother - to read out the signals and its alarms during the measurements at other locations. 
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Figure 4: Three CFM 
monitors. Top: Olympic 
CFM6000; middle: BRM2 
Brainz Instruments; bottom: 
NicoletOne, Viasys 
Healthcare. 

Finally, to be able to measure symmetry and synchronicity 
of the brain, it is preferred to have the option of two
channel measurements. 

There are three different monitors available for CFM 
measurements (figure 4). Two of them are specifically built 
for the CFM measurements, and one of them is an EEG 
device that has the option to display CFM. Obviously, it 
depends on the demands and wishes of the department what 
monitor is should be purchased. 

Like most NICU departments in the Netherlands, the MMC 
in Veldhoven introduced CFM measurements with the 
Olympic CFM6000. This is a one channel CFM device, 
with very few options and therefore easy to introduce. The 
downside of these limited functionalities is that the device 
is relatively hard to upgrade according to the developments 
concerning CFM. For example, several studies suggest the 
advantage of a two channel measurement. This would make 
it possible to measure synchronicity, which is an important 
diagnostic factor. However, for the Olympic CFM 6000 to 
be able to measure two channels CFM, the hardware of the 
monitor would have to be completely modified, including 
the size of the screen and the type of used preamplifier. 

For research purposes, the MMC has bought an EEG 
monitor with a CFM option, the NicoletOne, Viasys 
Healthcare Inc. The NicoletOne is a monitor with all the 
analysis options of an EEG monitor. Furthermore, with this 
monitor the signals can automatically be transferred to a 
server for data storage and future research and analysis. 
This monitor also has the option for the measurement of 
multiple channels, as is needed in the research program of 
cerebral electrical activity in the MMC. 

Finally, there is another CFM monitor on the market. This 
monitor is the BRM2 Brainz Instruments brain monitor. 
This is a monitor manufactured specifically for two channel 
CFM measurements. Even though this is an interesting 
option, it is not preferred to have three different types of 
cerebral monitors at the department. 

The result of the research for the purchase advice is that the 
NicoletOne is the best choice for a second clinical monitor 
of the NICU at the MMC. The NicoletOne gives the option 
to monitor more than one channel, to analyze the measured 
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signal, to transfer the signal directly to the network and the device is already used as a research 
monitor at the NICU and at the department of clinical neurophysiology. The main disadvantages 
of the Olympic CFM6000 were that there is no connection to the network and no option to 
measure more than one signal. 

3.2 Implementation at NICU 

Since the NicoletOne is designed for EEG measurements by specialized personnel, some 
adaptations have been made to make the monitor more suitable for the less-experienced personnel 
of the NICU. Firstly, the monitor has been installed to be used as a touch screen monitor, to make 
it possible to operate it easily when it is on a high shelf. A touch-screen pen has been added for 
this purpose and some mounts have been attached to the monitor, to store the keyboard and the 
mouse. Secondly, the options on the monitor that are not used by the medical personnel of the 
NICU are hidden, i.e., the toolbar- or shortcut-buttons are deleted. Thirdly, a well defined 
protocol has been designed on how to use the different monitors (appendix D) The protocols are 
attached to the cart where the CFM monitors are stored. Finally, a workgroup of nurses with 
special interests in CFM has been set up. On a regular basis, this workgroup is informed on new 
developments concerning CFM use at the department. Problems that occur with CFM at the 
NICU are also reported to this group: repeated mistakes are thus avoided. 

3.3 Electrodes 

The electrodes have to pick up the small potential differences on the skin and feed these signals 
to the monitor. This makes the electrodes very important items of the measurement setup. The 
quality of the attachment of the electrodes is represented by the impedance. When the impedance 
is below 10 kOhm, as compared to the input impedance of the monitor of l 00 MOhm, the 
measurement can be regarded as reliable. The contact impedance changes when different 
electrodes are used, but is also dependent of the conductivity of current through the outer layer of 
the skin. The outer layer of the skin may be oily and contains dead cells that reduce the amplitude 
of the measured signals. Therefore the placement of electrodes is often accompanied by making 
small scratches in the upper skin, or by scrubbing the skin in order to clean it and remove dead 
cells. The different types of electrodes mentioned in the text below, are shown in figure 5. More 
detailed information on this topic is given in appendix E. 

Needle electrodes are generally used for CFM measurements. These electrodes are placed 
subcutaneous, i.e., underneath the outer layer of the skin. Because of this, the current doesn't 
have to pass the outer layer of the skin, which causes the impedance in these measurements to be 
very low. The disadvantage is that the needle electrodes are invasive, which is considered as 
undesirable for the wellbeing of the newborn. Also, they can detach rather easily when the 
newborn is cared for by a nurse or cuddled by the parents. 

In conventional EEG measurements, the commonly used electrodes are reusable metal cups. 
These cups can be of different materials. They are fixed to the skin by using a piece of tape or 
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gauze with collodion. Between the cups and the skin, a conductive paste is added to improve the 
conductance of electrical signals from the skin to the electrode cup. The cups have a small 
opening in the center, that can be used to add the conductive paste and to make a small scratch in 
the upper skin to improve the impedance. This measurement set up is very reliable, but time
consuming (approximately 45 to 60 minutes by an expert) and complicated. 

Figure 5: different types of electrodes. Top left: needle electrodes; top right: cup electrodes; 
bottom left: adhesive clear gel electrodes; bottom right: electrode cap. 

Besides these individual cups, conventional EEG measurements also use electrode caps. 
Electrode caps fit exactly on the head, and contain all the necessary electrodes at the right places. 
These caps are available in different sizes, to accommodate the size of the skull. They are 
generally only used for short term measurements, and have not been reported yet to be used for 
CFM measurements. In this project it is initiated to cooperate with a manufacturer for electrode 
caps. The intention is to make a cap with only the electrode positions for CFM. Furthermore, the 
cap needs to contain an opening at the location of the fontanel, to accommodate cerebral 
ultrasound. The cost for a cap is between 300 and 400 euro, and 5 different sizes of caps will be 
needed to accommodate the head sizes from very preterm to full-term infants. The caps have a 
lifespan of several years. 

Adhesive electrodes, i.e. prewired electrodes that have adhesive and conductive tape attached to 
them, may be used as a non-invasive type of electrodes that can be fitted within minutes, an 
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advantage in emergencies. These are more generally used for ECG measurements. Care needs to 
be taken that they are also suitable for the CFM measurements, and that they can be used with 
newborns, for a long period of time in the humid and warm environment of the incubator. The 
Ag/ AgCI electrodes have very good characteristics for EEG/CFM measurements. Furthermore, 
clear gel has been recognized as a type of gel used on adhesive electrodes that does not damage 
the delicate skin of the newborn, and can be used for at least 48 hours in the humid and warm 
incubator. To ensure electrode leads that are long enough to reach an preamplifier that needs to 
stay outside the incubator, click electrodes can be used. These electrodes have (long) reusable 
leads that can be clicked on disposable adhesive electrodes. However, these electrodes are not 
available with clear gel, and need to be manufactured. 

Conclusion 
As electrodes for the use of CFM measurements, I advise to use either an electrode cap or 
adhesive clear gel Ag/AgCl electrodes. The cap is the most easy and fail-free option. However, it 
has not yet been tested for its use for CFM measurements. There are two issues that may make 
the cap unsuitable. Firstly, it is unclear if the electrode caps can give reliable measurements for a 
long-term period, i.e. if the electrode gels are suitable for this. Secondly, it is unclear if 
movement of the newborn will not cause too many artifacts, or cause gel bridges. If these issues 
do not turn out to be a problem, electrode caps would be a method that assures the correct 
location of the electrodes, and a placement within minutes. As a second option are the adhesive 
clear gel Ag/ AgCl electrodes. These give reliable measurements for a long duration in a warm 
and humid incubator. Their placement is relatively easy, although care needs to be taken that the 
skin is cleaned and scrubbed before the placement of the electrodes. For some newborns these 
electrodes will still give impedance that is too high. In that case the needle electrodes need to be 
used. 
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Chapter 4 

Instructions for medical 
personnel 

Training medical personnel in how to perform the measurements and how to interpret the 
measured signals is essential. This is part of the introduction of a new technology, and a part of 
the chain responsibility described in this report. 

4.1 Instructions for medical personnel 

Regular instructions have been presented to nurses, and occasionally to residents and medical 
specialists. They were based on an inquiry that has been made about a year after the introduction 
of CFM, see appendix F. This inquiry analyzed the knowledge level and experience of nurses 
concerning CFM. It showed that about 35 to 40% of the nurses never started a measurement, or 
were involved in one. Moreover, it showed that there were many questions concerning the 
performance of the measurement, what aspects need to be considered, and the interpretation of 
the signals. The instructions, based on this inquiry, concerned the importance of CFM, the 
performance of the measurements, and how to interpret the measured signals. The courses for 
nurses of the NICU, and nurses in the specialization program Intensive Care Neonatology (ICN), 
have been supported with documentation, shown in appendix G. Furthermore, a protocol for 
nurses and a general medical protocol have been made, that are always available on the intranet 
(appendix H). 

The courses for nurses proved to be insufficient. Since there are 70 nurses at the department, 
many of them working part time and some of them working mainly in night shifts, it took a year 
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before every nurse had attended one instruction session. After that year nurses still felt the need 
for more training sessions. This indicated that there knowledge level concerning the performance, 
but mainly concerning the interpretation of the signal was insufficient. For nurses it proved that at 
least three courses of about 45 minutes are needed. These can be given during a training day 
about twice a year, where about 30 nurses attend. However, instructions are mostly given during 
the change of shifts, with a participation of about 6 nurses. This means that about 25 courses are 
necessary both during team days and change of shifts to accommodate the training need. This 
does not take into account the difficulty of planning the instructions for nurses that work part
time or mainly in night-shifts. 

For medical specialists and residents other instructions are necessary. They need more advanced 
skills in the interpretation of CFM recordings, since they need to make the diagnosis and 
decisions on treatment. Because residents are substituted between six months and two years, 
there are often new residents with very little to no knowledge concerning CFM. This means that 
that there should be regular courses for residents, and different courses for medical specialists. 
However, due to their busy schedules, this is in practice nearly impossible to achieve. 

From this we can conclude that there is a regular training need, that cannot be fulfilled with 
regular instruction sessions. Due to the differences in training need, the large number of nurses, 
and the regular substitution of residents a large number of courses would be needed. However, 
this is costly, and due to busy schedules impossible to achieve. 
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Chapter 5 

Designing a CFM simulator 

The previous chapter showed that regular instructions are insufficient to meet the training need of 
medical personnel. A training program is designed for this purpose. The training program is a 
screen based, or so-called e-learning program, that can be used on any PC. It interactively trains 
medical personnel in the performance and interpretation of CFM, by simulating the actual 
measurements. This training program can fulfill in the training need, since it can be used 
individually, during quiet hours at the department or in a free hour at the office. The training 
program can specify different trajectories for the different target groups. It can train both 
performance and interpretation. Finally, it can show many different types of signals in a relatively 
short period of time, giving the trainees both experience and knowledge. The design of a training 
program, called the CFM simulator, is part of this clinical project. 

5.1 Pedagogical principles 

To develop an efficient training program, it is important to be aware of pedagogical principles, 
see appendix I. The main pedagogical principles and how they are considered in this project are: 

• Learning is personal. This means that learning is subject to differences between cultures, 
between institutes, differences in educational background and individual differences. The 
program is individualized in a number of ways. First of all, trainees of different target 
groups have different trajectories, based on their training needs. Secondly, the program 
has to be initialized by the department, adding the department specific CFM protocol, 
their guidelines concerning the treatment of seizures and information concerning the used 
electrodes. Finally, the trainee can more or less train at his/her own speed, go back into 
the program if preferred, and consult help documentation if necessary. 
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• Active learning and cosmetic authenticity. Active learning is believed to be more 
stimulating for the trainee than passive learning. Cosmetic authenticity, i.e. making it look 
like real life, will give more motivation, and a more enduring effect of learning. These 
principles are met when designing the training program in the form of a simulator, that 
simulates the actual measurement and the actions that the trainee needs to perform. 

• Scaffolding of information means that knowledge is built: existing knowledge is used in 
the training and extended more and more. The design of the program will include 
different levels to account for this principle. Within the first level theoretical knowledge is 
built, and in the following levels CFM measurements with increasing complexity are 
simulated 

• Progress analysis. It is important for both instructor and trainee to be aware of their 
progress. This is partly considered by designing the training program in different levels, 
that they can only reach with a sufficient score. Furthermore, feedback is given 
concerning the questions and expected reactions. When a trainee has insufficient score, 
the CFM simulator will inform the trainee on which topics the score was insufficient. An 
assigned instructor has the task to help the trainee if necessary. 

• Motivation. Motivation is a very important factor in the learning process. In this case 
motivation is existent since CFM needs to be used by the trainees. To improve this 
motivation, the importance of CFM is given in the beginning of the training program (in 
the theoretical introduction), and the simulated measurements are introduced with a 
medical history, to emphasize this importance. 

The training program will be designed as a simulator, where the measurements can be 
practiced/interpreted as in real life. For the design of this screen-based simulator, a handbook 
written by Farmer is used. (Farmer, 1999) This handbook describes a method of simulator design, 
based on the specific training needs. It starts with the analysis of the training needs, followed by 
the training program design and finally the training media specifications. Since this method can 
both be used for screen-based simulators, as well as for non-screen based simulators, it is useful 
for all simulator-based research projects at the MMC, and therefore a good reference. 

5. 2 Training needs 

After instructions proved to be insufficient, an analysis of training needs has been performed, see 
appendix J. In this analysis the different tasks for an adequate use of CFM have been split up. 
These tasks belong to both performance and interpretation of the measurements. For performance 
they can be mainly divided within the placement of electrodes, marking of events and checking 
of the reliability of the measurement. For the interpretation this concerns the detection of artifacts 
and the interpretation of the CFM signal. Subsequently, the different types of users, or target 
groups have been defined. From these target groups their current level of knowledge and skills 
and their expected level of knowledge and skills have been analyzed, see table 1. It showed that 
medical specialists have mainly a basic knowledge and experience, but their expected level is an 
advanced knowledge and skills. For the residents, since they regularly alternate, their level of 
knowledge and skills is categorized as no to little, their level when they just enter the NICU. 
Their expected level of knowledge and skills is equal to that of a medical specialist. For nurses, 
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their knowledge and skills concerning the performance is little to basic and is expected to be 
advanced, since they are the ones that generally perform the measurements. Their knowledge and 
skills concerning the interpretation is very low, this is expected to be basic. This table (or the 
more detailed table in appendix ... ) shows the training needs of medical personnel. 

Table 1. Current and expected level of knowledge and skills of the different target groups 
(medical specialists, residents, nurses) concerning CFM. Level of knowledge and skills 
categorized as: 1) no to little experience/knowledge; 2) basic experience/knowledge; 3) advanced 
experience/knowledge. 

Medical specialists Residents Nurses 
Tasks current expected current expected current expected 

Placement electrodes 2 3 1 3 1-2 3 
Marking events 2 3 1 3 1-2 3 
Checking reliability 2 3 1 3 1-2 3 
Detection artifacts 2 3 1 3 1 2 
Interpretation CFM 2 3 1 3 1 2 

5.3 Design CFM simulator 

This section will describe the design of the CFM simulator. A more elaborate description is given 
in appendix K. In a separate report the requirements of the training program are described. This 
can be used by a programmer without knowledge of CFM, to write the actual CFM simulator. 

The basic design of the CFM simulator is given in figure 6. The program consist of different 
levels that can only be reached when the previous level is finished with sufficient score. The first 
level, level 0, is a theoretical introduction. All following levels include simulations of 
measurements, starting with the medical history of the newborn, followed by the placement of 
electrodes, and finally the actual measurements. A higher level contains more complicated 
measurements. For each level, a sufficient score is needed for the trainee to reach the next level. 
A slightly insufficient score will extent the current level. When the trainee has an insufficient 
score, the training program will give feedback to the trainee on the category/categories with an 
insufficient score. The trainee can no longer remain in the current level, but has to go either to the 
previous level, or ask the instructor for help. 

The theoretical introduction is the level where theory is updated and upgraded for the trainee. In 
this level the importance of CFM measurements is first given, being also a motivating factor. 
Subsequently, the origin of EEG and CFM signals is given. The important aspects of the 
performance are explained, including possible sources of artifacts. Finally, the theoretical 
classification of CFM events and background patterns is given. This level is concluded with 
questions on each category, to evaluate whether the theoretical level of the trainee is sufficient to 
continue to the simulations. 
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Figure 6: Flow diagram of the CFM simulator. The 
simulator exists of a theoretical introduction, level 0. This 
is followed by level 1-5, where the actual measurements are 
simulated; these levels include medical history, placement 
of electrodes and the measurements. 

The next levels include the simulated measurements of the 
signals. They start with giving the medical history of the 
newborn. Subsequently, the trainee is asked to place the 
electrodes, and needs to drag them to the right place on the 
head of the newborn. A measure for the impedance appears. 
When the impedance is sufficient, the actual measurement 
starts. The measurement is played accelerated. To make this 
clear to the trainee, an analogue clock is shown in the 
screen that runs with the same acceleration as the 
measurement, see figure 7. Furthermore the screen gives 
some medical details of the newborn, and the placement of 
the electrodes. The option to check the electrodes is given, 
in case the impedance increases to above 10 kOhm. There 
is also an option regarding the treatment of seizures. For 
nurses and residents, this option 
says: "Warn medical specialist". For the medical specialist 
this option says: "Consider treatment". During the 
measurement, pop-ups with details concerning for example 
care for the newborn and administration of medication will 
be given. The trainee needs to react on these pop-ups by 
marking events in the signal. Furthermore, pop-ups with 
questions concerning the types of background patterns and 
events in the signal are given. Higher levels of the simulator 
contain CFM recordings with increased levels of difficulty. 

As an extra option in the training program there is a review 
mode. In this review mode, the trainee can ask for a CFM 
recording from a certain category. One or more examples of 
signals will be shown, including the annotations. When the 
trainee clicks on one of these annotations, an explanation 
about that type of event or background pattern will be 
given. 
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Figure 7: User interface of the CFM simulator, during the simulated measurements. Represented 
are the screen of the CFM, above it some medical history, in the right of the screen an analogue 
clock that runs with real time (accelerated as much as the signals that run in the screen), and the 
placement of the electrodes. In the right bottom are shown options for the trainee. 

There are also some help options in the program. First of all, a summary of the theory can be 
consulted. Secondly, the CFM protocol that is department specific is shown in the help options. 
Finally, the trainee can ask a question that will be sent by email to an instructor. The instructor is 
an assigned person at the department, that will help trainees with these questions, and will help 
them when they have insufficient scores. 

Conclusion 
The design of a CFM simulator has been made in this project. It is finished upto the requirements. 
These are made, so a programmer without any experience in CFM can write the program. The 
CFM simulator will be able to train medical personnel in the performance and interpretation of 
CFM measurements, increasing their knowledge and experience. 
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Chapter 6 

Analysis of signals 

CFM signals are interpreted visually by medical personnel. The developed algorithms can 
support the visual interpretation, or automatically generate alarms on the measured signal. 
Furthermore, extra knowledge concerning the measured signals is gained. Using quantitative 
analysis, objective measures for specific patterns can be given, patterns that are hardly visible can 
be recognized, and the interpretation is automatic and time-saving compared to visual 
interpretation. For CFM quantitative analysis of CFM recordings and the underlying EEG signals 
have been performed in two different projects that are described in the next two paragraphs. 

6.1 Automatic detection of seizures 

The detection of seizures is the most important aspect of the interpretation of CFM signals, since 
persisting seizure activity needs to be treated. However, seizures are not always easy to detect. 
Seizures may be of short duration or very low amplitude which makes them less recognizable in 
the aEEG signals. Moreover, there are several types of artifacts that are very similar to seizure 
patterns in the CFM signal. Examples of these complications are given in figure 6. To help the 
personnel of the NICU with the detection of seizures, an algorithm has been developed for the 
screening of seizure activity in CFM recordings. Due to the compressed nature of the aEEG 
signal, we arbitrarily decided to include only seizures with a duration of at least 60 seconds. 

The algorithm is based on the characteristic of the seizure in the aEEG signal, the sudden increase 
of its lower boundary. A lower boundary is defined every 10 seconds, and a reference lower 
boundary is defined every 10 seconds over the last six minutes of the aEEG signal, see figure 7. 
A pattern is detected by the algorithm as a seizure, whenever the lower boundary is an 
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empirically decided value higher than the reference lower boundary, as shown in figure 7. The 
reference boundary is not updated during a detected seizure. The empirical value is found based 

Figure 6: Difficulties in recog
nition of seizures. Top: unclear 
seizures of short duration. 
Middle: seizure activity in aEEG 
and EEG signal. Bottom: muscle 
artifacts in aEEG and EEG signal. 

on five CFM recordings. Artifact detection is performed 
based on characteristics in both the aEEG and the EEG 
signal. 

Figure 7: An example of automatic seizure detection. The 
graph shows an aEEG signal (blue and brown line). The 
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updated during the detected seizure. 

Conclusion 

brown pattern is 
detected by the 
algorithm as a 
seizure, since 
during this pattern 
the lower boundary 
(red) is an 
empirically decided 
value higher than 
the reference lower 
boundary (green) . 
The reference lower 
boundary is not 

The study showed the feasibility of automatic seizure 
detection based on CFM recordings. The algorithm was 
evaluated using 8 new CFM recordings, annotated by 2 
independent neurophysiologists. For five out of these 8 
recordings, sensitivities above 90% were found, with false 
positives per hour mainly below 1. Three recordings had a 
low sensitivity. Two of these also had a low interobserver 
agreement, and were according to the neurophysiologists 
unclear and in need of further analysis by conventional 
EEG measurements. The one remaining CFM recording 
with low sensitivity showed seizures where the amplitude 
of the aEEG signal immediately rose to the maximum 
value. These were therefore detected as artifacts, instead 
of seizure activity. 

An automatic detection algorithm for neonatal seizures 
was developed and evaluated. The evaluation showed 
good results for seizures that were clear to the expert 
medical specialist. The algorithm can help in the 
interpretation of CFM recordings, and may be used as an 
alarm function on the CFM monitor. 
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6. 2 Analysis of maturity 

It has been shown that prematures have an increased risk to develop neurobehavioral problems at 
school age. Causes of this increased risk are thought to be in the diseases typical for the 
premature that may have an effect on the brain and the exposure to stress factors like noise, light 
and routines of the NICU. The effect of previous factors is believed to be increased due to the 
critical developmental stage of the premature brain. However, the exact causes remain unknown, 
and a better understanding of maturity of the brain is needed. Studies related to this topic so far 
are often limited by populations that include newborns of different gestational ages, populations 
where the state of the newborn is not well defined, including types of diseases and medication. 
Moreover, the studies are not performed longitudinal, i.e. followed through time, and the 
measurements are interpreted by visual inspection.(Niemarkt, 2007) 

A research project has been set up at the MMC Veldhoven, with the aim to describe the normal 
evolution of the EEG pattern of premature infants during the first weeks of life. In order to obtain 
an accurate view on this process of maturation of the brain, a quantitative analysis is carried out. 
This study, by drs. Hendrik Niemarkt, includes the weekly measurement of 4 hour EEG 
recordings of neurologically healthy prematures, that are not under the influence of medication. 
The prematures are born before 30 weeks gestational age, and are weekly followed, at least until 
they leave the NICU. The signals are measured according to the international reduced montage 
(see figure 1). From the measured signals both EEG and CFM patterns are analyzed. (Niemarkt, 
2007) 

Using quantitative analysis, the final goal is to obtain objective measures for the maturity of EEG 
signals for premature infants. When the normal maturation of brain function is defined, then the 
influences of diseases on this process can be assessed. Prior to the detailed analysis of EEG 
signals of preterm infants, MSc. Rik Hansen (Hansen, 2006) developed an algorithm for the 
classification of background patterns of full-term newborns as subject of his master's thesis. 
However, these patterns are very different from the patterns seen in the premature. A project has 
been described to develop an algorithm that analyses the background pattern of preterm 
newborns. This project was the master's thesis of MSc Loes Ruijs. 

The goal of the project of Loes Ruijs was to develop and evaluate an algorithm to analyze 
discontinuity of the EEG background patterns of preterm infants compared to the annotations of 
expert neurophysiologists. The neurophysiologists analyzed 4 EEG signals and annotated the 
continuous patterns as well as the bursts and interburst intervals that are part of the discontinuous 
patterns, see figure 8. To set the parameters of the algorithm, the parts signals of agreement 
between the neurophysiologists have been used, as well as parameters found in literature. For the 
evaluation of the algorithm, 4 new EEG signals have been analyzed by the algorithm, and its 
results have been shown to the neurophysiologists. They indicated for each annotation if they 
could agree with the annotation of the algorithm or not. 
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Figure 8. EEG background patterns of a very preterm infant (PMA 24 wk). A) Continuous 
pattern; B) Discontinuous pattern, /BI= interburst interval. (Ruijs, 2007) 

Conclusions 
The results of the evaluation of the algorithm were very good, it was feasible to detect bursts and 
interburst periods with mean sensitivity and positive predictive values mainly above 80%. The 
values of the inter-observer agreement between the two neurophysiologists for parameter setting 
was very low, with a Cohen's kappa below 0.4 (Cohen's kappa is on a scale of -1 to 1, where 0 is 
equal to guessing). This can partly be explained by the fact that the neurophysiologists normally 
classify EEG as a whole signal, and not every detailed pattern of the signal. However, the 
conclusion that visual interpretation of EEG signals is liable to subjectivity cannot be denied. 

From this project it can be concluded that there is a need for automatic analysis of EEG patterns 
of preterm inf ants. The development of the algorithm needs to take into account the variety in 
EEG patterns, especially analyzing EEG recordings of newborns of different GA. Not only are 
there differences in duration and frequency of occurrence of bursts and interbursts, but the 
discontinuous patterns also change in characteristics with increasing PMA. During the project a 
range of signals of newborns with PMA 29 to 34 weeks have been used, that already showed a 
significant change in the discontinuous patterns. Finally, some improvements of the algorithm 
still need to be made, mainly concerning the precise detection of the transition between different 
patterns and the detection of artifacts. (Ruijs, 2007) A next master's thesis will focus on these 
problems. We expect some interesting results from this algorithm by the end of 2008. 
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Chapter 7 

Concluding remarks 

With this project a substantial foundation has been made for adequate, technologically skilled and 
fully functioning use of CFM at the NICU. Firstly, it included the purchase advice and the 
implementation of a new CFM device. This monitor makes the NICU of the MMC able to give 
quality of healthcare in a user-friendly way. Furthermore, it is usable in the future organization of 
the NICU department. The comparison of electrodes for their suitability for CFM resulted in 
several user-friendly and non-invasive options. This is more patient-friendly, but also caused 
nurses to be even more open for CFM. Training of medical staff is essential, as well as writing of 
good medical protocols. The instruction sessions turned out to be insufficient to meet the training 
need of medical personnel. For this purpose the design of a training program, the CFM simulator, 
has been developed. The CFM simulator is based on the specific training needs of medical 
specialists, residents and nurses, and is based on pedagogical principles. By using simulations of 
the actual measurements, the training will be motivating and enduring. Using this program, 
medical personnel can train in their own time and on their own level. Finally, the knowledge 
concerning CFM has been optimized by quantitative analysis of the measured signals. An 
automatic detection of seizures is very important, since seizures need to be detected as soon as 
possible, to prevent them from causing brain injury. The automatic detection can be used as an 
alarm function on the monitor, and to help in interpreting the measured signals. A second project, 
by MSc. Loes Ruijs, has focused on the analysis of the EEG signals (the underlying signals of 
CFM) of preterm infants. A quantitative description will give more insight in the process of 
cerebral maturation, dysfunction and disturbed development. 
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Role of QME in hospitals 

Finally, I would like to reflect on this first project of a "Qualified Medical Engineer" in training 
in the MMC. A chain responsibility has been shown, regarding the use of a relatively new 
technology at the NICU. Part of this project may have been the work of a Medical Physicist, and 
part of it of a Medical Doctor. However, what characterizes the medical engineer in this project is 
its close relationship to all medical personnel of the clinical department. Because of this, the 
medical engineer is very efficient in recognizing the needs and wishes of the department, as well 
as their difficulties and problems concerning technologies used in diagnostics and treatment. 
Moreover, the medical engineer is skilled to assess/estimate the technological possibilities, and 
retains a close cooperation with the department of Medical Physics and Medical Technology to 
elaborate on these possibilities. The result is a position of someone that improves the quality of 
the use of technology at the department, exploits the possibilities of these technologies, to gain a 
medical professional- and patient-friendly environment. This does not only concern CFM or the 
NICU, but any technology at any clinical department. 
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