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Appendix A 

Neonatal brain function and 
dysfunction 

This appendix will describe the maturational changes in the newborn brain, the common 
dysfunctions, and seizures, which are the most distinct sign of cerebral dysfunction in the 
newborn. Also their relations to EEG will shortly be described. 

A.1 Maturational changes (chapter 3.1 master's thesis Loes Ruijs) 

Large changes occur in the brain during gestation and first few years postnatal. The 
morphological, biochemical, and physiological maturation of the central nervous system is 
paralleled by distinct developmental changes in the EEG. Although there have been few 
studies correlating specific developmental changes of the brain with developmental changes 
in EEG, it is thought that some processes play a key role in the remarkable changes in the 
EEG. Processes of which is thought of: 

Proliferation and migration of neurons and neuroglia 
Elaboration of dendritic and axonal branches 
Formation of synapses 
Myelination 

These steps and the anatomical change of the brain are explained below. Extensive 
descriptions of brain maturation can be found in (Volpe, 2001 ;Augustine, 2004; Eyre, 1992; 
Holmes, 1986; Scheibel, 1997), information below is a summary of these references. 

Neuronal proliferation and migration 
In the first phase of brain development neurons and neuroglia, i.e. supporting cells of the 
nervous system, are formed. Subsequently, they migrate to a specific location. 
The vast majority of neurons and neuroglia are generated in the germinal zone, i.e. cerebral 
area that is located at the ventricular surfaces. Neurons are formed till 20 weeks of gestation, 
neuroglia are produced till 28 weeks of gestation. Peak time of proliferation is between 12 and 
16 weeks of gestation. 
As cells are formed, they migrate from the germinal zone to their final destination. Migration 
of cells into the cortex occurs in an inside-out fashion. The deepest layers are formed first, 
followed successively by more superficial layers. All of the cells in each layer migrate 
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through prior layers to reach their final positions. The neurons reach their final positions in 
the cortex by following radial glial guides. By 20 to 24 weeks of gestation the cortex has 
essentially its full complement of neurons. Peak time period of migration for all cells is 
between 16 and 20 weeks of gestation. 

Organizational changes of neurons and neuroglia 
After the neurons and neuroglia have reached their new location several organizational 
changes will take place during the third trimester of gestation. These changes consist of 
differentiation of the neurons and formation of neuronal populations by aggregation of cells, 
elaboration of axons and dendrites, the connection of cells through synapses, and programmed 
cell death. 
Differentiation of cortical neurons occurs either immediately after migration to their final 
positions or they continue to mature throughout development and into the postnatal period. 
When migrating neurons reach their definitive locations, they generally aggregate with other 
cells of similar kind to form cortical layers or nuclear masses. The mechanism of this 
selective aggregation is unknown. In most regions of the brain, neurons not only adhere to one 
another but also adopt some preferential orientation. In the cerebral cortex, the majority of the 
large pyramidal neurons are consistently aligned with their prominent apical dendrites 
directed toward the surface and their axons directed toward the underlying white matter. 
During aggregation of neurons, neurons begin to develop extensions from their cell bodies. 
These will progressively become longer and form the two major types of processes or 
branches that characterize almost all neurons: i.e. the dendrites and axons. The stimulus for 
the formation of dendrites and axons is not totally understood. It is likely that both genetic and 
environmental factors may be important. The maximal phase of dendritic and axonal growth 
and development of pyramidal neurons occupies a period between 18 and 24 weeks of 
gestation. 
Synapses are formed when dendrites establish contacts with other neurons. The distribution of 
synapses is determined by the development of the dendritic tree and spines. The development 
of the synapse likely involves an interaction between the presynaptic and postsynaptic 
elements. However, mechanisms that control the formation of synapses are also unknown. 
The process of synapse formation starts at around 24 weeks' gestation and continues during 
life. Synaptic development differs appreciably among brain regions in the human brain. The 
formation of synapses in the cortex seems to be largely a postnatal event. Synapse formation 
proceeds at highest rate during the first 6-8 years of postnatal age. 
Neuronal death during development occurs naturally throughout the nervous system because 
more neurons are generated than required. The phase of selective cell death occurs usually at 
about the time when the population of neurons is forming synaptic connections. 

Myelination 
Last important process involved with maturation of the brain is myelination. Myelination is 
growth of myelin sheaths around axons of the cerebral cortex. Myelin is a fatty substance 
working as an insulating sheet around the axons. Its presence allows conduction of nerve 
impulses to occur from ten to one hundred times as rapidly as would occur along a non­
myelinated axon. Myelination starts at around 13 weeks of gestation and is finished at around 
adolescence. The rate of myelination is highest around 2 years of postnatal age. Within the 
brain, myelination starts central and spreads to more peripheral areas. 
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Anatomical changes 
Paralleling microscopic changes in the brain, significant morphological changes of the 
cerebral hemispheres occur during the third trimester and postnatal months. Most visible 
change of the premature brain before 40 weeks of gestation is the increase in volume. 
Between 29 and 40 weeks of gestation the volume of the cortical gray matter increases three 
times. Next to this change in volume, the shape of the brain changes because of development 
of cortical sulci and gyri, grooves and elevations respectively. The surface of the brain is 
completely flat till 12 weeks of gestation, see Fig 7, but around 40 weeks the brain shows 
relief like a walnut. Primary sulci develop as deep grooves with walls far from each other. 
During maturation grooves become deeper and walls become steeper. Finally the walls come 
in contact with each other. Most gyri are formed between 26 and 28 weeks of gestation. 
Thereafter, no new gyri are formed any more, but formed gyri become more mature. Time of 
gyration differs for different brain areas. Occipital areas are the first, followed by temporal 
and central areas. Finally, frontal areas gyrate. 

25 weeks 27 weeks 31 weeks 35 weeks Final 

Figure 7: Gyration of the brain, schematic presentation from 25 weeks 
gestation till term age. 

Relation of changes in brain formation and EEG 
Changes in neuronal size, dendritic tree formation, synapse distribution, and myelination are 
associated with changes in neurophysiologic functioning of neurons. The threshold of 
excitation of neurons will change with increasing soma volume. Excitatory and inhibitory 
postsynaptic potentials in immature neurons characteristically have a slow rise time, a long 
duration and low peak amplitude compared with mature neurons. Temporal dispersion of 
impulses in immature axons may contribute to the slow rise time and long duration of the 
postsynaptic potentials. In the peripheral nerves the increasing fiber diameters and progressive 
myelination are reflected in increasing conduction velocities and decreased threshold for 
activation. 

The sequence of above described processes is for all infants the same. However, quality and 
quantity of these processes for premature children at term age can be less than for full-term 
children. This suggests that maturation of the brain inside the womb differs from outside the 
womb. Moreover, animal studies have shown that several of these processes can be modulated 
by environmental stimuli (Gressens, 2002). Therefore, when relating changes of the EEG with 
brain maturation of premature infants it is important to keep the developmental phases of the 
brain in mind. 

A.2 Common dysfunctions in the developing brain 

Many dysfunctions that may occur in the newborn brain are related to the occurrence of 
seizures. The most important one is hypoxic ischemic encephalopathy (HIE), which is caused 
by a lack of oxygen or a lack of blood in the brain. Besides that, also intracranial 
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hemorrhages, metabolic encephalopathies and intracranial infections may cause seizures in 
the newborn. These dysfunctions are described in Al.3, as possible etiologies of seizures. 

Not all dysfunctions are associated to the occurrence of seizures. Seizures are only rarely 
seen in periventricular leukomalacia (PVL). The pathogenesis of PVL is not very well 
understood, but is related to HIE in the premature brain and toxic injury. The injury is mainly 
diagnosed by ultrasound. Visible are white spots in cells just underneath the cortex, the 
oligodendroglia. In the EEG the occurrence of spikes can be visible. A typical pathology in 
the developmental period is the occurrence of malformations. There can be a wide range of 
malformations, but since EEG or CFM does not have an extra value concerning their 
diagnosis, they will not be described here. (Rennie, 2002) 

A.3 Neonatal seizures and brain injury (chapter 2 master's thesis 
Charlotte Lommen) 

Seizures are the most distinct sign of cerebral dysfunction in neonates. They may be caused 
by most cerebral pathologies and may cause brain injury themselves. Detection can be done 
based on clinical signs, although they may be subtle or absent in the newborn, and based on 
the electro cortical manifestation of seizures using electroencephalography (EEG). 

Seizures at cellular level 
In healthy neurons, a stimulus may cause depolarization, immediately followed by 
repolarization of the neuron. The resting potential of a neuron, -90 m V, is mainly caused by 
an uneven extra- and intracellular distribution of Na+ and K+ ions. It is maintained among 
others due to the Na+-K+ pump, which transports Na+ out of the cell and K+ into the cell by 
use of energy in the form of ATP. During depolarization Na+ channels are opened and cause 
an enormous flow of Na+ ions into the cell, which causes the membrane to rise in voltage to 
about + 35 m V. The Na+ channels close and rapid repolarization of the membrane is achieved 
by opening of the K+ channels, that cause K+ ions to rapidly move out of the cell. The Na+-K+ 
pump transports Na+ ions back out of the cell and K+ ions into the cell, and the cell can be 
stimulated again. 
Nerve impulses are transmitted from one neuron to the other through electrical or chemical 
synapses. Electrical synapses conduct electricity through direct channels. Chemical synapses 
transmit the stimulus by the use of a neurotransmitter. An excitatory neurotransmitter is 
released by a neuron, causes the adjacent neuron to be more susceptible to impulses, and 
finally may cause depolarization. Inhibitory neurotransmitters cause the adjacent neuron to be 
relatively insensible to nerve impulses, due to influx of er ions (Guyton, 1996). 
A seizure is an excessive synchronous depolarization of neurons within the central nervous 
system. Current data suggests the following mechanisms to be possible causes of neonatal 
seizures: 

• failure of the Na+-K+ pump due to a disturbance in energy production; 
• an excess of excitatory or a dysfunction of inhibitory neurotransmitters in the synaptic 

clefts; 
• a lack of calcium or magnesium, the ions that should cause inhibition of Na+ 

movement. (Volpe, 1995) 

Regardless the underlying dysfunction, repeated neonatal seizures may cause disturbances in 
ventilation and circulation (Volpe, 1995) and possibly damage to the developing brain 
(Holmes, 2001; Scher, 2003). High activity of the Na+-K+ pumps during the prolonged 
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depolarization in seizures results in a fast decrease of ATP and increase of ADP 
concentration, which activates the glycolysis. This is followed by a drop in glucose levels and 
a large production of lactate. They cause a rise in blood pressure. Hypoventilation and apnea 
may occur with repeated seizures, which cause a drop in oxygen concentration, hypoxemia, 
and a rise in carbondioxide, hypercapnia. Finally there is evidence of high levels of excitatory 
amino acids at the synaptic clefts, due to the energy dependent re-uptake of the 
neurotransmitters which is impaired (Volpe, 1995). All these changes caused by repeated 
seizures, can cause brain injury in the neonate, making early detection and treatment of 
seizures very important. 

Etiologies of seizures 
Seizures may appear in most types of encephalopathies. They often have an early onset, and 
may be first indicators of brain disease (Lombroso, 1996). 
Hypoxic-ischemic encephalopathy (HIE) is one of the most common causes of brain injury, 
and is often accompanied by seizures. HIE is characterized by a lack of oxygen in the brain, 
due to a lack of oxygen in the blood, hypoxemia, or a lack of blood perfusion in the brain, 
ischemia. A consequence is a decrease in energy production. HIE in newborns is mostly 
caused by perinatal asphyxia, a condition of decreased oxygen and increased carbon dioxide 
concentration in the blood, mostly caused by impairment of gas transport through umbilical 
cord or placenta during labour. Even though the young infants have a larger resistance to 
hypoxia and ischemia than adults, the long-term outcome, i.e. consequence, for them can be 
very poor, neurological complications or death (Volpe, 1995). 
A second cause of brain injury is intracranial hemorrhage (bleeding), a pathology often 
causing serious neurological complications or death. Hemorrhages are mostly related to 
fluctuations in blood pressure, fragility of blood vessels and HIE. They are more common 
among preterm newborns. The different types of hemorrhages may show a variety of clinical 
signs among which seizures (Volpe, 1995). 
There are many different types of metabolic encephalopathies; most of them may be 
accompanied by seizures. Hypoglycemia, a lack of glucose in the brain, may be caused by a 
decreased availability or production of glucose, but also by asphyxia and hypoxemia. When 
seizures occur during hypoglycemia, they aggravate the lack of glucose. Hypocalcemia and 
hypomagnesemia are also often associated with seizures. Other types of metabolic 
encephalopaties like bilirubin and disorders of amino acid and organic acid metabolism are 
more or less frequently accompanied by seizures. However most of these metabolic 
encephalopaties are often also accompanied by other pathologies like HIE, which makes the 
etiology of seizures unclear (Volpe, 1995). 
Intracranial infections are causes of seizures as well. Newborns are very susceptible to 
infections, and they may have very poor outcome (Volpe, 1995). 

Clinical and electrophysiological signs of seizures 
Seizures can be classified according to clinical signs. Three well-recognisable categories are 
clonic seizures, which involve rhythmic movements of for example extremities or parts of the 
face, myoclonic movements, which are more rapid than clonic movements, and tonic 
movements, for example tonic extension of extremities (Volpe, 1995). A majority of seizures, 
however, have clinical manifestations that are easily overlooked or confused with normal 
newborn movements, subtle seizures, or have no clinical signs at all, silent seizures 
(Hellstrom-Westas, 2003; Volpe, 1995). Subtle seizures involve for example chewing, 
horizontal deviation of eyes and apnea, the last of which is well-recognisable but often has no 
epileptic origin (Volpe, 1995). The absence of clinical signs in silent seizures may be due to 
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medication like anti-convulsive treatment or due to the origin of the seizure and the 
immaturity of the newborn brain (Hellstrom-Westas, 1985; Scher, 1993; Niedermeyer, 2005). 
Some newborn movements may be misinterpreted as seizure. Jitteriness, which is a movement 
disorder, is the best example. The movements in jitteriness are generally tremulous or clonic 
(Volpe, 1995). 
EEG is a sensitive method for the detection of seizures, and often considered as golden 
standard. Using 10 to 22 electrodes connected to the scalp of the newborn, the electrical 
activity of the cortex is measured (Stockard, 1992; Niedermeyer, 2005). In the EEG, seizures 
manifest themselves as rhythmic discharges, with a relatively sudden onset and termination. 
Within this discharge waveforms of similar morphology cause the rhythmic patterns. The 
waveforms within one pattern have an evolution in frequency, topology and amplitude 
(Niedermeyer, 2005; Shewmon, 1990). Examples of rhythmic discharges are shown in figure 
2.1. Seizures can be identified electrographically as focal, multifocal or generalized seizures, 
by either being visible in EEG channels measured at one or more specific parts of the scalp, or 
being visible in all of the EEG channels (Volpe, 1995). 
The minimum duration of seizures is generally defined to be 10 seconds. Rhythmic discharges 
with a duration shorter than 10 seconds are called brief ictal rhythmic discharges (BIRD). 
Prolonged seizures or repetitive seizures with a very long duration are called status 
epilepticus. For neonates the status epilepticus is defined as a prolonged or repetition of 
seizures for at least one hour and with abnormal neurological symptoms between seizures 
(Shewmon, 1990). 
Finally, a remark has to be made that some seizures may not be visible in the EEG. Their 
origin is believed to be of the lateral neocortex or subcortical (Shewmon, 1990). 
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Figure 2.1: Shown are three examples of EEG signals with rhythmic discharges, seizures. 
Between the examples in subfigures A, B and C there is a large difference in morphology. In 
example C there is an evolution visible in frequency, topology, amplitude and even 
morphology. 
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Appendix B 

The Cerebral Function Monitor 

B.1 The Cerebral Function Monitor (chapter 3 master's thesis 
Charlotte Lommen) 

The Cerebral Function Monitor (CFM) is a device that measures cerebral electrophysiological 
activity and is used for the continuous surveillance of the cerebral function. It was constructed 
by Maynard in the 1960's for the monitoring of adult cerebral function (Maynard, 1969; Prior, 
1986), and is now widely used in neonatal intensive care. 

B.1.1 Why CFM 

EEG is a generally accepted method for obtaining the cerebral function. However, the method 
is less suitable for long-term monitoring in the NICU environment. EEG is generally 
displayed at a scale of 30 mm/sec, with sample frequency of at least 256 Hz, to be able to 
identify all events in the signal. The complex nature of the numerous EEG signals is caused 
by their small amplitude, their susceptibility for artefacts and our limited knowledge of the 
brain. Extensive interpretation of the numerous and complex EEG signals displayed at a slow 
speed needs to be done by a neurophysiologist. Generally at a hospital, neurophysiologists are 
not available for long-term EEG measurements, which is the main reason EEG measurements 
are not used for continuous monitoring in the NICU. Furthermore the numerous electrodes 
may cause discomfort for the newborn after some time due to irritation of the skin and a 
limited freedom of movement. EEG measurements at the NICU generally have a duration of 
about half an hour. 
The CFM measures a one-channel bipolar EEG signal over the mid-parietal area of the cortex, 
which is processed into an amplitude-integrated EEG (aEEG) signal. The aEEG signal is 
created to display general electrical activity of the brain, disregarding short events. This 
makes it possible to compress the signal in time to typically 6 cm/hour, 3 hours per page. The 
measured cerebral electrical activity is displayed in only positive amplitudes and compressed 
to a scale that enhances the visibility of abnormal patterns of low cerebral activity. The signal 
is relatively easy to read and interpret by skilled nurses and other doctors then 
neurophysiologists. Due to the use of only 3 electrodes, the single signal that is simplified and 
displayed in a compressed scale, measurement and monitoring of the signal can be done by 
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nursing staff. This makes CFM a suitable method for the continuous monitoring of the 
electrical cerebral activity of the newborn in the NICU. 
The CFM is not designed to be a replacement of conventional multi-channel EEG. Short 
events are visible in the biparietal EEG signal measured by the CFM, but may be overlooked, 
since interpretation is often primarily done based on the aEEG signal. Because of the use of 
only one channel, focal events may not be noticed and there is no information about 
asymmetrical or asynchronous behavior. To obtain a better temporal and spatial resolution, 
CFM needs to be complemented with conventional multi-channel EEG. 
The strength of CFM lies in its ability to monitor cerebral function for a prolonged period. It 
makes it possible to monitor the recovery of the brain after pathology or treatment with 
medication and to monitor seizures and sleep wake cycles occurring outside the short 
measurement time of the EEG. It is now also possible to get more information about the 
function of the brain of the newborn outside working hours, since no expert is needed for the 
measurement and interpretation. A better understanding of the newborn brain and its 
responses, and a better treatment can be achieved because of these long-term measurements 
(Maynard, 1969; Prior, 1986; Hellstrom-Westas, 2003). 

B .1.2 Electrodes 

CFM measurement only uses three electrodes. The two active electrodes are placed left and 
right parietal, P3 and P4 according to the International 10-20 System (Jasper, 1958), see figure 
3 .1. A third electrode is placed as ground electrode, to reduce the amount of electrical 
interference and is positioned anterior to the midline at Fz (Maynard, 1969; Prior, 1986). 
The electrode positions of the active electrodes are used for different reasons. First, this 
electrode position is least affected by eye movement and muscle artefacts. A second reason is 
that the electrodes are positioned at a region that is the most sensitive to ischemia, since this 
region is the boundary zone of blood perfusion from the posterior, middle and cerebral 
arteries. A third reason is that amplitudes in waking and sleeping are relatively large in the 
parietal region (Maynard, 1969; Prior, 1986). 
The type of electrodes used is an important aspect of the measurement. It is possible to use 
adhesive electrodes, though in our experience these lose contact after some hours, which can 
be seen in the high impedance. An alternative is the use of subdermal needles, as also 
suggested by de Vries et al, 2005. These very small needles only cause little discomfort for 
the newborn and can be used for prolonged recordings without the need of replacement. Like 
the NICU in the MMC Veldhoven, most NICU's use subdermal needles after some 
measurements with adhesive electrodes where the impedance was too high after a few hours. 
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Figure 3.1: Side and top view of the placement of electrodes according to the international 
10-20 System of conventional EEG; marked by circles are the electrode positions P3 and P4 
for the active electrodes of the CFM measurement, complemented by a ground electrode at 
Fz. 

B.1.3 From EEG to amplitude-integrated EEG 

The aEEG signal is processed from the measured bi parietal EEG signal. Most detailed 
information about this processing has been found in the first article of Maynard et al. 1969 
and the book by Prior et al. 1986 who both created the CFM, and in a book by Hellstrom­
Westas et al., 2003. 
First the measured biparietal EEG signal with a sample frequency of 200 Hz, is filtered with 
an asymmetrical band pass filter, of bandwidth 2 to 15 Hz, as shown in figure 3.2. The slope 
of this filter is approximately 12 dB/dee, which is about the inverse of the slope of the 
neonatal EEG when no rhythmic alpha or beta patterns are present. The filter is designed to 
whiten the spectrum of the EEG thus compensate for the attenuation of EEG amplitude with 
increasing frequency. 

0 

15 Frequency (H~ 

Figure 3.2: A sketch of the asymmetric bandpass filter used to convert EEG into aEEG. The 
slope of the filter is 12 dB/dee , which is about the inverse of the slope of neonatal EEG when 
no rhythmic alpha or beta patterns are present. 

The following step is rectification and smoothing of the signal. In this step an envelope is 
created of the EEG signal. The name of the signal leads to believe that amplitude integration 
is performed to create the aEEG, though this is not described in the original CFM literature 
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(Maynard, 1969; Prior, 1986). The name aEEG has first been seen in Greisen, 1987, where 
another kind of CFM device was used. Probably this device calculated the aEEG signal using 
amplitude integration. The CFM6000 applies peak rectification, and smoothing, like described 
by Maynard (1969) and Prior (1986). These steps can be approximated by taking the absolute 
value of the filtered EEG and smoothing it. The resulting aEEG signal has a sample frequency 
of200 Hz. 
To enhance long-term visualization of the processed signal it is compressed in amplitude and 
in time. The amplitude is displayed semi-logarithmically; linear below 10 µ V and 
logarithmically above 10 µ V. For this semi-logarithmic compression the following formula is 
used: 

y(t) = 50x(t) x ~ lOµV 

y(t) = 5001og(x(t)) x > lOµV 
Fomula 3.1 

The values of y(t) are plotted, denoted on the y-axis by the corresponding values of x(t), 
against time t. 
Using this semi-logarithmic display, small amplitudes are displayed clearly while high 
amplitudes are compressed and can be displayed in the same graph. Small amplitudes are 
important, since they represent abnormal low electrical cerebral activity. Finally the signal is 
compressed to a scale of 6 cm/h where 3 hours are displayed on one screen. To achieve this, 
the signal with a sample frequency of 200 Hz is displayed with a pixel width 0.25 mm, 
corresponding to 15 seconds. These 15 seconds contain 3000 samples, which are all displayed 
on the same vertical line. As a result the voltages of the aEEG are di played in a band. This 
band will be called 'amplitude band'. Figure 3.3 shows an example of an EEG and an aEEG 
signal. 

EEG 

1 sec 

1. a . I . . . . . . . . .... ' 
•• ••••• ••••• •••••• ••••• ••••••••• ••••••• 

aEEG • • • • • • • •••••••••• • • •• • 

OS/cl8f04 

• • • • • 

Figure 3.3: An example of an EEG signal of 7 seconds and an aEEG signal of 3 hours. The 7 
seconds of the EEG signal correspond to the dotted line in the aEEG signal. 
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B.2. Current thoughts and practice of CFM 

B.2.1 The number of channels 

Since the introduction of CFM there has been a debate concerning the use of only 1 channel in 
CFM measurements. It is known that by measuring only in the parietal area, focal seizures in 
other parts of the brain will be missed. However, CFM is not a substitution, but an addition to 
multi-channel EEG. The use of many channels is not suitable for monitoring purposes. But 
there are monitors on the market for the measurement of 2-channel CFM. For these 
measurements the electrode positions used are P3-C3 and P4-C4 of the international 10-20 
system, see figure in A3.2. The extra advantage of 2-channels, besides measurement in a 
larger area, is that this gives extra infonnation concerning symmetry in the brain. 
Asymmetrical EEG and CFM signals are very important diagnostic indicators, especially to 
detect unilateral hemorrhages or lesions. (de Vries, 2005; Shah, 2006) 

B.2.2 The CFM algorithm 

The most remarkable thing of the CFM algorithm is that it did not change since 1969, when it 
has been developed to be used on adult EEG. For the sake of standardization companies 
chose to use the same algorithm. Although standardization in medicine is very important, it's 
would be very interesting to analyze the settings of the algorithm and their effect, mainly 
concerning the settings of the band pass filter. 
A research group at the academical hospital of Maastricht investigated these settings for the 
detection of seizures. Their conclusion was that seizures mainly have a low frequency 
content, including frequencies below the 2 Hz high pass filter used in CFM. Therefore they 
suggest using a different filter in the CFM algorithm. (van den Bosch, 2006) 
Analyzing the filters used in the current CFM devices, some differences can be observed. 
Feeding the monitors artificial EEG signals of known frequencies, a gain can be measured for 
the output of the CFM signal. Comparing the normalized gain of the two monitors used at the 
MMC Veldhoven, a difference as shown in figure Al is observed. This difference causes a 
slight difference in amplitude between the calculated CFM signals of the two monitors. 
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Figure BJ. The normalized gain of the CFM algorithm of the Olympic CFM6000 and the 
NicoletOne of Viasys Healthcare. The signal of the Olympic CFM6000 is from van den Bosch, 
2006. 
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Appe11dix C 

Purchase advice and 
implementation CFM 

C.1 Purchase advice 

There are three CFM devices on the market: 
• Olympic CFM6000, from Olympic medical, Seattle. The MMC Veldhoven is already 

in possession of one of these devices for clinical CFM use. The monitor is used in 
many hospitals. However the options of this monitor are very limited. Moreover, the 
company does not seem to keep up with the developments in CFM research, like for 
example there is no option (and will not be in the near future) for 2-channel 
measurements. 

• NicoletOne, from VIASYS Healthcare. The NICU in Veldhoven owns a NicoletOne 
for research purposes. The monitor has its origin at the clinical neurophysiology 
department, which means that there are options for the measurement of more signals, 
and there are many analysis methods available on the monitor. However the monitor is 
not as widely used for CFM, and the many options might make the monitor less user­
friendly for inexperienced users. 

• BRM2 Brain Monitor, from Brainz Instruments. This monitor is not yet available at 
the MMC Veldhoven. It is not desirable to have three different types of monitors on 
the department. However, GE Healthcare, from whom we own the clincical monitors 
at the NICU, has a distribution agreement from Brainz Instruments. An option fusing 
the CFM signals into the clinical monitor would be interesting, since automatically all 
signals would be synchronized and saved in the same format. However, in a meeting 
with a representative of GE healthcare this option did not seem to be one of their 
targets in the near future. 

To investigate the suitability and user-friendliness of the 2 monitors at the NICU Veldhoven, 
a meeting was organized where 2 nurses compared both monitors on different aspects of user­
friendliness . The results of this comparison are shown in table B 1. These results were used in 
the list of demands, together with the demands according to a medical specialist and a resident 
with a lot of experience concerning the NicoletOne. The purchase advice (shown on the next 
pages) concluded that the NicoletOne was the best option as a second clinical CFM monitor at 
the NICU of the MMC. The results described in table B 1 were subsequently used to 
implement the NicoletOne for its use at the NICU, as described in appendix B2. 
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T bl Cl N. I 0 a e . ICO et ne versus 01 . CFM6000 1ymp1c accor mg to 2 nurses 

Eigenschap Olympic CFM6000 NicoletOne 

Plaatsing monitor bij + Liever niet op trolley, maar op 
couveuse plank naast GE monitor te 

plaatsen 
Gebruik touch screen/ Pakt niet gemakkelijk. Reactie soms traag Toetsenbord neemt meer 
toetsbord plaats in beslag, liever bij 

monitor plaatsen en touch 
screen gebruiken. 

Aantal elektrodes 3 elektrodes 4 electrodes bij 1-kanaals 
meting. Enkele extra 
elektrodes maakt niet veel uit 

Aansluiting elektrodes Gemakkelijk, voorversterker is Voorversterker niet 
overzichtelijk. overzichtelijk. Wei wordt er 

duidelijk weergegeven 
wanneer ze niet goed zijn 
ingeplugd. 

Voorversterker in Voorversterker kan in couveuse. Voorversterker buiten de 
couveuse couveuse. Elektrodesnoeren 

moeten Jang genoeg zijn, ook 
voor bewegingsvriiheid. 

Starten meting + + 
Invoering Kan niet van tevoren ingegeven, wordt Van tevoren makkelijk in te 
patientgegevens daardoor wel eens vergeten. voeren. Naderhand lastiger. 
Controle impedantie + + 
v66r meting 
Controle impedantie + + 
tijdens meting 
Markeren signaal Niet gemakkelijk, veel knoppen nodig Heel gebruikersvriendelijk 
Interpreteren signaal + + 
Bekijken EEG Naderhand wordt CFM scherm niet Review heeft geen 

automatisch geactualiseerd, is risico. automatische scroll functie. 
Wei blijft actuele beeld 
zichtbaar tiidens review. 

Afsluiten meting Kan heel gemakkelijk Moet correct gebeuren, zoals 
computer 

Kans op fouten Het actuele scherm is niet altijd in beeld, Er moet een beveiliging op 
erg gevaarlijk! ! ! somrnige knoppen komen die 

niet zomaar gebruikt mogen 
worden. Verder personeel 
goed leren dat het een 
computer is. 

Mogeliikheden opslaan Niet op netwerk mogeliik, branden op cd Op netwerk 
Analyse signalen Niet mogelijk Wei mogelijk 
Hulp van bedriif Matig + 
Opmerking: De NicoletOne zal even wennen zijn maar heeft een aantal grote voordelen: 

> Opslaan data op netwerk ipv cd's 
> Makkelijker markeren 
> Actuele scherm blijft altijd in beeld. 
> Mogelijkheden meerdere kanalen tegelijk meten 
> Mogelijk tegelijk ergens anders uitlezen (vooral nuttig in nieuwe VMK centrum) 
> Meerdere analyse mogeliikheden. 
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MEMO 

Aan: 

Kople aan: 

Van: 

Datum : 

Betreft: 

Doelstelllng 

Paul Rieter en Pieter Wijn 

Gees Bouter 

Charlotte Lommen en Chris Peters 

14-11-2006 

CFM apparaat NICU 

Deze memo betreft het advies van de afdeling medische technologie voor de aanschaf van een CFM monitor 
voor de NICU. Sinds juni 2004 word! er op de NICU gebruik gemaakt van een klinisch CFM apparaat. Het 
apparaat word! veelvuldig gebruikt en kan niet voorzien in de behoefte die op de afdeling bestaat. Om deze 
reden is de aanschaf van een tweede CFM apparaat voor klinisch gebruik aangevraagd. Deze aanvraag is 
goedgekeurd door de investeringscommissie. 

Huldlge situatle 
Voor klinisch gebruik wordt het relatief eenvoudige CFM apparaat. de CFM6000 van Olympic Medical, 
ingezet. Tevens wordt er sinds september 2005 een uitgebreider CFM/EEG apparaat gebruikt voor 
wetenschappelijk onderzoek op de NICU, Dit apparaat is de NicoletOne van Viasys Healthcare. De 
ervaringen met dit uitgebreidere apparaat hebben tot het beset geleid dat de mogelijkheden van de Olympic 
CFM6000 erg beperkt zijn. Om deze reden is besloten om niet zonder meer een tweede Olympic CFM6000 
aan te schaffen, maar te onderzoeken welke van de CFM apparaten die momenteel op de markt zijn in de 
huidige situatie de beste oplossing biedt. 

Pakket van elsen 
De belangrijkste eisen die aan het systeem gesteld worden zijn: 

- Het gebruikte CFM-algoritme moet een algemeen geaccepteerd algoritme zijn 
Het systeem moet mobiel zijn en bij voorkeur te plaatsen zijn op een plank naast de bewakingsmonitor. 
Het systeem moet zeer gebruiksvriendelijk zijn voor verplegend personeel van de NICU en geen 
specifieke EEG kennis vereisen. 

- Vanuit het oogpunt van standaardisatie verdient een van de system en die reeds in gebruik zijn op de 
NICU de voorkeur. 

Het systeem moet op het netwerk aangesloten kunnen worden, zodat data eenvoudig op het netwerk 
opgeslagen kan worden. 

- De ruwe data moeten gebruikt en bewerkt kunnen worden, bij voorkeur in EDF formaat. 
- De mogelijkheid moet bestaan om zowel een 1-kanaals als een 2-kanaals meting te kunnen uitvoeren 
- Bij voorkeur moet er een zoom-optie zijn voor het EEG signaal en moet frequentieanalyse mogelijk zijn. 
- De voorversterker, dan wel het vooropzetblok van het systeem moet veilig en gemakkelijk in of aan de 

(warme en vochtige) couveuse geplaatst.ibevestigd kunnen worden. 
- Het systeem moet aansluiten op de MMC ICT standaard. 

Overzicht beschlkbare systemen 
Naast de reeds in gebruik zijnde Olympic CFM6000 en de Viasys NicoletOne is ook de Brainz BRM2 monitor 
meegenomen. Als tweekanaals monitor overkomt de Brainz BRM2 monitor de grootste tekortkoming van de 
Olympic CFM6000. Sinds kort word! de Brainz monitor door GE Health Care op de Nederlandse markt 
gezet. Onderstaande label geeft een overzicht van de beoordeling van de drie systemen. De beoordeling is 
gemaakt op basis van de ervaringen op de NICU, de contacten met de betreffende leveranciers en de 
ervaringen van experts elders. 
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Olympic CFMGOOO 
BRM2Brainz Viasys 

monitor NicoletOne 

CFM algoritme + + + 

Mobiel + + + 

Gebruiksvriendelijk + + +/-

Bekend bij verpleging + + 

Netwerkaansluiting + 

Ruwe data ascii EDF EDF 

Aantal kanalen 1-kanaals 2-kanaals 
1, 2, en meer-

kanaals mogelijk 

Zoom-optie EEG + + 

Frequentieanalyse + 

- / wel aan 
Voorversterker in couveuse + ? couveuse 

Listprijs (incl. BTWl € 21.420 € 26.180 € 30.524 

Onvoorziene kosten (10%) € 2.142 € 2.618 € 3.052 

Exploitaliekosten 

Onderhoudskosten (10%) € 2.142 € 2.618 € 3.052 

Elektrodes € 1.000 € 1.000 € 1.000 

Dataopslag CFM signalen (zonder 
backup) 

Eerste 2 jaar (alle signalen) € 320 
- Na 2 jaar (beperkte opslag) € 80 

Opmerkinq NicoletOne betreffende VMK centrum 
Binnen het VMK centrum zal het gewenst zijn de CFM apparatuur tijdens de meting op het netwerk aan te 
sluiten, zodat alarmsignalen en de EEG signalen doorgestuurd kunnen worden naar een centrale post. 
Hiervoor is het noodzakelijk dater bij ieder bed een dataaansluitpunt word! ge'installeerd. 

Conclusle 
Ondanks zijn gebruiksvriendelijkheid en vertrouwdheid bij het verplegend personeel op de NICU heeft de 
Olympic CFM6000 te veel beperkingen. De BRM2 Brainz monitor is weliswaar een tweekanaals monitor, 
maar word! verder gekarakteriseerd door een groot aantal van dezelfde beperkingen als het toes tel van 
Olympic. Tevens is de introductie van een derde type apparaat niet gewenst. 

De NicoletOne van Viasys Healthcare is een monitor met veel mogelijkheden, zoals twee- en meerkanaals 
metingen en uitgebreide signaalanalyse. De monitor is eenvoudig op te nemen in het reeds bestaande 
Viasys EEG netwerk op de NICU en KNF afdeling en voor analyse kan er gebruik gemaakt worden van de 
uitwerkstations die reeds aanwezig zijn op deze afdelingen. Mits er een data-aansluitpunt beschlkbaar is in 
de nabijheid van de couveuse kunnen metingen "live" op een centrale plek bekeken worden. Dit sluit 
naadloos aan op de visie op het toekomstige VMK centrum. De enige kanttekening is dat de NicoletOne juist 
door zijn vele mogelijkheden minder gebruiksvriendelijk is. Wanneer er adequate instructie gegeven wordt 
aan de gebruikers zal dit niet tot problemen leiden in de klinische praktijk. 

Advles 
De NicoletOne van Viasys Healthcare is het meest geschikte apparaat om goede CFM functionaliteit op de 
NICU te kunnen bieden. De meerwaarde van dit apparaat voor de klinische praktijk weegt volledig op tegen 
de meerprljs van dit systeem. 
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C.2 Optimization NicOne for use at the NICU 

As concluded from table C 1, there were some items in the NicoletOne that needed 
improvement to optimize its use as CFM device fro the NICU. 

Stand instead of trolley 
In its standard form the NicoletOne is fixed to a trolley. However, on a trolley the monitor 
needs to be placed somewhere around the incubator. Since the monitor is used for days, it is 
not desirable to have a trolley around it. The monitor can also be fixed to a stand. In that case 
the monitor can be placed on a shelf, next to clinical monitor. This is also the routine for the 
Olympic CFM6000. 

Tools to make it touch screen-used 
Placing the monitor on a shelf about 1.7 meters above the ground, makes it inconvenient to 
use the keyboard and mouse. The monitor can also be used as a touch screen, except for the 
input of the patient name, date of birth etc. This registration of the patient can be performed 
before the start of the measurement. At the back of the monitor two small racks were fixed, 
where the keyboard, the mouse and the pre-amplifier could be stored. 
For optimal use of the monitor, it was added to the protocol that the patient needed to be 
registered before the start of the measurement. After that, the keyboard and mouse are stored 
at the back of the monitor, which makes it easy for the nurse to place the monitor on top of the 
shelf. During the measurement only the touch screen needs to be used. 

Userjriendliness of the screen 
All unnecessary buttons on the start-up screen and later in the measurement program were 
removed. For the measurement program the placement of the buttons was chosen to make it 
easy to use the touch screen. In this screen only buttons for starting the measurement, 
impedance check, review option and closing of the measurement are kept in the monitor. 
Other options can only be reached through scroll-down menus. 

Log-book NicoletOne and CFM team 
A log-book was introduced where medical personnel could write down any problems that they 
might encounter with the new NicoletOne monitor. In the meantime a team had been formed 
of 3 nurses with special interest in CFM. These nurses were specially trained to answer 
questions at the ward. 

Instruction and protocol for the use of NicoletOne 
Instructions were given to introduce the NicoletOne. Also a protocol has been written with 
clear instructions on how to use it, see appendix F2, which is attached to the cart on which the 
monitor is stored. 
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Appendix D 

User protocols CFM devices 

This appendix gives the user protocols for the Olympic CFM6000, and the NicoletOne 
monitor of Viasys Healthcare, inc. 

D.1 User protocol Olympic CFM6000 

Gebruiksprotocol Olympic CFM 

Aan/uit knop zit op de achterkant van de monitor. 

1. Start de monitor op. 

2. Sluit de elektrodes aan volgens protocol. Lokatie elektrodes: 

De neutrale elektrode op het voorhoofd. 
P3 links, P4 rechts zoals weergegeven in de tekening. 

3. Klik op registreren 

4. Controleer de impedantie op het scherm. 

In het onderste scherm wordt de impedantie weergegeven van elektrodes P3 en P4. Deze impedantie 
moet onder de 1 O kOhm liggen. Ligt de impedantie boven 10 kOhm, controleer dan de aansluiting van 
de elektrodes op de voorversterker en of het kindje op de elektrodes ligt. Controleer het contact van 
de elektrodes met de huid, vervang zonodig de elektrodes. 

5. Klik op "Patient" en vul in: patientnaam en geboortedatum. 

Nu pas is de start van de meting afgerond. 
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Tijdens de meting: 

• Te hoge impedantie: de impedantie hoort onder de 10 kOhm te blijven. Bij een impedantie boven 
de 20 kOhm wordt een alarm gegeven. Let op: een slecht contact van de neutrale elektrode geeft 
geen alarm!! De kwaliteit van de meting is dan ook nog redelijk. 
lndien nodig controleer en herstel contact van de elektrodes zoals hierboven beschreven. 

• Markeren: klik op "Markering" onderaan in het scherm, zodat er "Mark aan" staat. Klik vervolgens 
op de periode in het CFM scherm waar de marker hoort te staan; is dit aan het eind van de 
meting, dan kun je met behulp van de pijltjestoets in het marker scherm (zie hieronder) de marker 
helemaal naar het eind van de meting verschuiven. 

Standaard lspedaal I 

r- Start care 

r- Eind care r- Start echo 

r- Elnd echo r- Fenobarb 

Kies een standaard marker, of maak een "Speciaal" marker waarbij je met 11 tekens uit het 
toetsenbord op het scherm een marker kunt omschrijven. Let op: bij een langdurige gebeurtenis 
zoals verzorging (care) is een marker aan het begin en aan het eind van de gebeurtenis nodig! 

• Terugkijken in CFM: je kunt in CFM terugkijken met behulp van de pijltjestoetsen onder het CFM 
scherm, of met behulp van de scroll-bar. 

• EEG bekijken: klik EEG. In het scherm van de impedantie verschijnt nu een EEG signaal (7 
seconden per scherm). Hier kun je in scrollen met behulp van de pijltjes-toetsen. Door het knopje 
Schuiven aan te klikken, en vervolgens op de pijltjes toetsen te klikken, zal het EEG signaal 
automatisch verder of terug scrollen. 

• Naar einde van meting: zorg na het terugkijken in het CFM of bij het bekijken van EEG dat het 
scherm altijd weer teruggaat naar de huidige meting. Doe dit door op de pijltjestoets van het CFM 
signaal te klikken, net zolang totdat de scrollbar van CFM helemaal op het eind staat. 

• Afdrukken: door op afdrukken te klikken kun je het signaal wat op dat moment in beeld is 
afdrukken. 

• Pauze: klik op "Registratie aan", er verschijnt: "Registreren". Klik wederom op Registreren om de 
meting te hervatten. Bij de vraag "Nieuwe patient starten of aan huidige meting toevoegen?", klik 
op "Toevoegen". 

• Lengte meting: een meting mag niet langer zijn dan 5 dagen!! Mocht een kindje !anger dan 5 
dagen gemeten worden, start dan een nieuwe registratie. 

• Einde meting: klik op "Patient" en "Afsluiten patient". Vervolgens kun je de monitor uitzetten met 
behulp van de knop aan de achterkant van de monitor. Verwijder elektrodes volgens protocol. 
Reinig de kabel/versterker met 70% alcohol. 
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Bestanden .S,dit Hulp 
NAAM cfrrL8 7 4_18_47 I Geb.1 I ID: 

.!.! 
Schuiven 

Markering Patient Reports 

D.2 User protocol NicoletOne 

Gebruiksprotocol NicOne 
NicOne is een computer, dus start op en sluit af als een computer!!! 
Aan/uit knop zit links onderaan aan de achterkant van de monitor. 

I 16.03-07 09:13:34 

Tools 

1. Start NicOne op. Dubbelklik op "Monitor", in het midden van het scherm . Heb even geduld, het 
duurt even voordat deze is opgestart! 

2. Kies Protocol NICU CFM voor een 1-kanaals meting, en f\llCU CFM 2kanaals voor een 2-
kanaals meting (links-rechts) 

3. Vu! in: Patient ID, patientnaam en geboortedatum in. 

4. Sluit de elektrodes aan volgens protocol. Lokatie elektrodes: 

De referentie (REF) en neutrale (f\IEUT) elektrodes, beide op het voorhoofd. 

Bij 1-kanaals meting: 
P3 llnks, gaat naar nummer 7 of voorversterker 
P4 rechts, gaat naar nummer 8 op voorversterker 

Bij een 2-kanaals meting: P3, P4 zoals hierboven aansluiten, 
en 
C3 iets naar voor, llnks, gaat naar nummer 5 op voorversterker 
C4 iets naar voor, rechts, gaat naar nummer 6 op voorversterker 

C3 C4 

P3 
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NicoletOne 
Fp1 Fp2 F3 F4 C3 C4 

DODD 16•5 I 16•5 I 
P3 P4 01 02 F7 F8 

16•5 I 16•5 I DODD 
T3 T4 T5 T6 

DODD 
REF NEUT 

0 0 

5. Controleer de impedantie 

Op het scherm wordt de impedantie weergegeven van iedere elektrode, zoals hierboven 
weergegeven. De impedantie moet onder de 10 kOhm liggen, (groen weergegeven). Ligt de 
impedantie boven 10 kOhm, is dit op het scherm in rood aangegeven. Zijn beide elektroden met hoge 
impedantie, dan kan het ook zijn dat de REF elektrode niet goed zit. 

Na invullen patientgegevens en bij goede impedanties: 

6. Klik op §.tart (start meting). 

Het bovenste scherm geeft het CFM signaal weer, het onderste scherm het EEG signaal. 

Tijdens de meting: 

• Bad electrode event= te hoge impedantie van (een van de) elektrodes. Dit wordt weergegeven 
door een waarschuwingsvenster, midden op het scherm (geen geluidsalarm). 
Klik in dat geval op ok, en vervolgens op Impedance (b). Nu krijg je wederom het scherm met de 
impedanties per elektrode. Herstel de elektrodes die niet goed zitten. 

• Markeren: gebruik de markers rechtsonder in het scherm (h). Hier hoef je maar 1 keer op te 
klikken. Bij verzorging en buidelen blijft de marker doorlopen, totdat je er nog een keer op klikt, 
aan het einde van de verzorging of het buidelen. Weergave markers: in het EEG bovenaan het 
signaal. Verplaatsen markers: dit kan in de review mode. 

• Terugkijken in CFM : je kunt in CFM terugkijken met behulp van de scroll-bar boven het CFM 
signaal. Zorg dat uiteindelijk weer het einde van de meting in beeld is! 

• Terugkijken in EEG: klik de knop Review (c) aan. Er komt nu naast het huidige EEG beeld, een 
EEG beeld van eerder in de meting aan (g). In het CFM staat een donkere verticale streep op het 
tijdstip van de EEG weergave. Je kunt op het gewenste tijdstip in CFM klikken, of links of rechts in 
het review-EEG signaal klikken om respectievelijk een scherm eerder of later weer te laten geven. 
Ook kun je door het signaal scrollen met behulp van de pijltjes-toets van het toetsenbord . 

• Naar einde van meting : klik op End (d) 
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• Exporteren signalen: Hiervoor heb je het toetsenbord nodig, en de USB stick, die rechts in de 
monitor moet zitten. zorg dat het scherm in beeld is dat je wilt exporteren. Klik op Print Screen 
(rechts bovenaan op toetsenbord). Open Paint (start -> programma's -> asseciores -> paint). 
Plakken (Ctr! + c). Vervolgens de afbeelding in paint, opslaan als: ga naar ... opslaan onder 
gewenste naam. Het signaal staat nu op de USB stick. 

• Pauze: klik op Record (a), in het EEG scherm verschijnt "not recording". Klik wederom op Record 
(a) om de meting te hervatten. 

• Afsluiten meting: klik op Close (e). Verwijder de elektrodes volgens protocol. Sluit de computer 
netjes af!! 
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Appendix E 

Electrodes 

E.1 Characteristics of biopotential electrodes 

General characteristics 
Biopotential electrodes have the function of transducer, conducting current across the 
interface between the body, where current is carried by ions, and a measuring circuit where it 
is carried by electrons. This can be represented as shown in figure E 1, where in the ionic 
electrolyte the cations and anions carry the current and in the electrode of the electrons carry 
the current. Crossing of the current can be represented with the following equation: 

...._e 

c ~en+ +ne­

Am- ~ A+me-

c + 
C ____......._A-

c 
c+----. 

...._e 

c 

.....___ e- c+----. 

Electrode Electrolyte 

/-----

Figure El: Electrode-electrolyte interface, the electrode consists of metal atoms C, the 
electrolyte consists of anions k and cations c+. (Webster, 1998) 

When a metal comes in contact with a solution, the reactions above will start until an 
equilibrium has been reached. This creates a potential difference over the interface, called the 
half-cell potential. The half-cell potential depends on the type of metal used. The half-cell 
potential cannot be measured as an absolute value, but is compared to the reference electrode. 
As a standard reference electrode the hydrogen electrode is used. Table El lists some values 
of half-cell potentials for different types of metals. These half-cell potentials are given by 
standard conditions, and will change with these conditions according to the Nemst equation: 
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0 RT ( ) E=E +-Ina,,. 
nF c 

E = half-cell potential 
FfJ = standard half-cell potential 
R =universal gas constant= 8,31 J/(mol"K) 
T = absolute temperature (Kelvin) 
F =Faraday constant= 96,500 Cmole-1.valence 
n = valence of electrode material 
acn+ =activity of cation en+ 

Table El: Half-cell potentials for common electrode materials at 25 °C. (Webster, 1998) 
Metal and reaction Half-cell potential (V) 
Ni -7 Ni..1.+ + 2e- -0.230 
Hz -7 2H+ +2e- 0 
Ag + er -7 AgCl + e- +0.223 
Cu -7 Cu..1.+ + 2e- +0.340 
Cu -7 Cu++ e- +0.522 
Ag -7 Ag++ e- +0.799 
Au -7 AuJ+ + 3e- +l.420 
Au -7 Au++ e- +l.680 

The half-cell potential exists when there is no current running through the interface. When 
there is a current, a different potential is observed. The over potential is the difference 
between the observed potential and the half-cell potential. It is mainly caused by three 
mechanisms: 
• the ohmic overpotential: this potential difference is caused by a voltage drop along the 

path of the current in the electrolyte caused by the resistance of the electrolyte. The 
voltage dependents of the current, but also the resistance can be depended of the 
current. 

• The concentration overpotential: when a current runs through the interface, the 
equilibrium of the equations will change. This will cause the potential difference over 
the interface to change. 

• Activation overpotential: the oxidation of metal atoms as well as the reduction, 
represented by equation 1, both use energy. These reactions may not use the same 
amount of energy. Because of the currents either the oxidation or reduction reaction 
predominates, this causes a difference in energy which appears as a difference in 
voltage. 

Polarizable and nonpolarizable electrodes 
Biopotential electrodes can be divided into polarizable electrodes and nonpolarizable 
electrodes. Perfectly polarizable electrodes behave as a capacitor, where current in the 
interface is displaced, no actual current crosses the interface. Perfectly nonpolarizable 
electrodes are electrodes where current passes freely across the interface. In this case there is 
no overpotential present. No perfectly polarizable or nonpolarizable electrodes exist. 
However noble electrodes, like platinum, come close to behave like perfectly polarizable 
electrodes. These metals are very inert, which means that the do not easily oxidize or 
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dissolve. These electrodes show a strong capacitive effect, due to concentration overpotential. 
A silver/silver chloride electrode approaches the characteristics of a perfectly nonpolarizable 
electrode. The electrode has a silver core and is coated with a layer of silver chloride, which 
is only slightly soluble in water and will therefore remain stable. 

Electrode-skin interface behavior 
The electrical characteristics of the electrode-electrode gel-skin interface can be modeled as 
shown in figure E2. Characteristics of the electrode using sinusoidal inputs have both resistive 
and reactive components. A good model for this behavior is a model with a resistance (Rd) 
and a condensator (Cd) parallel to each other; this model does not have infinite impedance at 
very low frequencies like in a series model. This will be connected in series to a potential 
difference (Ehe) as the half-cell potentiaJ, and a resistance (Rs) associated with the resistance 
of the interface effects and of the conductive gel. The interface of the conductive gel with the 
skin will give an extra potential difference (Ese), since the outer layer of the epidermis can be 
considered as a semipermeable membrane. This potential difference is given by the Nemst 
equation: 

E = - RT ln(5-J 
nF a 2 

E = potential difference across semipermeable membrane 
a 1,a2 = the activities of ions on each side of the membrane 

J---E_J_cc_'.lr_o_de_. --{4 Cd ___ _.Rd 
S\veal glands 
nn<l ducts 

Gd 

Dermis and 
subcutaneous layers 

_...---A--..... 

E -.-,~.· •.. Ep se .----.... ~ ............... . 
C ~, R 

Re =f P ~ 11 
: ...... r······= 

Ru 

Figure E2: Model of biopotential electrode, electrode gel and skin. (ref" Webster, 1998) 

The epidermis can also be modeled as a parallel circuit of a resistors (Re) and a capacitor (Ce). 
The contribution of sweat glands and ducts can be modeled using extra components, however, 
for EEG these components can be neglected. The ReCe circuit is the electric impedance of the 
epidermis. This impedance for 1 cm2 contact with dry, intact adult skin may range from 15 
k.Q to 1 MQ. The impedance is highly dependent of: 
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• the frequency of the AC current, with a higher impedance for lower frequencies 
• surface area of contact, with higher impedance for smaller contact areas 
• dryness and intactness of the skin, where impedance may drop to 1 % for wet or 

broken skin 
The skin of the newborn, especially the premature, is still very thin. However, after vaginal 
birth the skin may be oily which will increase the impedance again. A good cleaning of the 
skin, scrubbing of the epidermis or making a small scratch in the upper layer of the epidermis 
may hugely decrease the impedance. 

Motion of the electrode with respect to the skin will disturb the potential differences at the electrode-gel 
interface and at the gel-epidermis interface. This is caused by the mechanical disturbance of the 
charge distribution around the interface, and resolved when the equilibrium is reestablished. Since in 
nonpolarizable electrodes the current passes more freely, whereas in polarizable electrodes behave 
as a capacitor, these mechanical disturbances around the electrode-gel interface have the least effect 
in nonpolarizable electrodes. They are however still effected by the disturbances around the gel­
epiderm is interface. This artifact can also be reduced by scrubbing the skin, or making a small scratch 
in the upper layer of the epidermis. It should however be noted that the conductive gel should not have 
an irritating effect on the skin. (Webster, 1998) 

E.2 Different materials for electrodes and gels 

Ag/AgCl electrodes 
The silver/silver chloride (Ag/AgCl) electrode is a much used electrode with good 
characteristics for EEG measurements. It approaches the characteristics of a perfectly 
nonpolarizable electrode, where current passes easily over the electrolyte-electrode interface, 
and motion artifacts over that interface have minimum effect. The electrodes are easily 
fabricated. The chemical reactions involved in the current conductance are the oxidation of 
silver atoms, immediately followed by the formation of the ionic compound AgCl: 

Ag<=> Ag+ +e-

Ag + + er <=> AgCl J, 
Biologic fluids, as well as most conductive gels, contain relatively high concentrations of er 
ions. 

There are two types of Ag/AgCl electrodes. Both contain a Ag metal that is coated with AgCI. 
In the first type the coating is plain AgCl, whereas the second type has a sintered AgCl 
coating, where AgCl and Ag molecules are within a die. The sintered electrodes are more 
expensive, but have a greater stability over time and a greater endurance. 
(Webster) 

Other types of electrode metals 
Since the impedance is inversely proportional to the frequency, the direct current resistance is 
the highest impedance that an electrode-electrolyte interface can attain. Therefore Geddes et 
al (Geddes, 2001) compared this so-called Faradic resistance for different types of electrodes, 
using 1 cm2 electrodes and a 0.9% saline electrolyte. The results are summarized in table E2. 

In a study by Tallgren et al. (2005) several characteristics of electrodes for the measurement 
of low frequent EEG signals have been studied. Concerning the different types of metals the 
results are summarized in table E3. For CFM measurements no DC recording is necessary. 

It can be concluded that: 
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• Chlorided silver has the lowest Faradic resistance and the best characteristics overall. 
This type of electrode is according to both studies by far the best, sintered or not. 

• Tin has a reasonable Faradic resistance, however, the study of Tallgren showed poor 
results for the overall characteristics. 

• Carbon, which is sometimes used as a radiolucent electrode, has a very high Faradic 
resistance. 

Table E2: Faradic resistance for different electrode materials at zero current, using 0.9% 
saline electrolyte. (ref· Geddes, 2001) 
Electrode material Faradic resistance 

(0Jcm2
) 

Silver (bare) 382 
Silver (chlorided) 31 
Tin (electrolytically cleaned) 922 
Tin ( chlorided) 444 
Nickel silver 765 
Copper (bare) 550 
Copper (electrolytically cleaned) 297 
Carbon 1770 

Table E3: Properties of different types of electrodes for low-frequency EEG, using chloride 
containing gel. (ref' Tallgren, 2005) 
Electrode Offset Rate of drift Noise level Suitability Suitability 

voltage, for DC- for long 
resistance coupled time-
and recording constant 
polarization AC-coupled 

recording 
Sintered Very low Very low Low Excellent Excellent 
Ag/AgCl 
Disposable Low Very low Low Good Excellent 
Ag/AgCl 
Silver Variable Variable Low Poor Good 
Gold-plated Variable Variable Low Poor Good 
silver 
Platinum Very high n.a. Low Poor Good 
Stainless Very high n.a. Medium Poor Medium 
steel 
Tin High High High Poor Poor 

Different types of gel 
In the study of Tallgren et. al. (2005) nine different types of gels were tested. Two gels 
contained very low (15 mM) to no chloride, and showed very poor stability of the EEG 
measurement. The remaining seven gels contained high concentrations of er and showed 
high stability of the measurement. This shows that high er concentrations are necessary for 
stable measurements. 
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E.3 Types of electrodes 

Cup electrodes 
Often used for EEG measurements are cup electrodes. The cup electrodes can be made of Tin, 
Copper, Gold, but most common are Ag/ AgCl electrodes, either sintered or not. These 
electrodes are reusable cups that need to be attached to the skin with either adhesive tape, or a 
gauze that is glued to the skin using collodion (figure E3). Between the cup electrode and the 
skin a conductive gel is used. As mentioned earlier, the skin is also scrubbed or scratched to 
create a low impedance and minimize motion artifacts. The placement of the electrodes is 
time consuming, and generally performed by assistants specialized in performing EEG 
measurements. 

CFM measurements are often started in acute situations, where besides CFM many 
procedures need to be performed. The placement of cup electrodes by medical personnel of 
the NICU that is not specialized in EEG measurements is a time consuming and difficult 
procedure. Therefore these cup electrodes are not suitable for CFM measurements. 

~------Figure E3: A) Cup electrodes; B) Cup electrodes placed on the head of a newborn using 
gauzes and collodion. 

Subcutaneous needle electrodes 
Mostly used for CFM measurements are subcutaneous stainless steel needle electrodes (figure 
E4). Before placement of the electrodes the skin needs to be disinfected with a chlorhexidine 
solution. The needle electrodes need to be fixed using adhesive tape. To minimize discomfort 
of the newborn, a painkilling gel may be used, called EMLA. 

Figure E4: A) Needle electrodes; B) Placement of needle electrodes for CFM measurements. 

35 



The reason to use this type of electrodes is that they are easily placed on the head of the 
newborn, and secondly the impedance is very low, since they are placed subcutaneous, i.e. 
underneath the epidermis. However, these measurements are invasive which is inconvenient 
for the newborn and for the parents. Besides that, the needle electrodes detach from the skin 
very easily when the child is cared for or cuddled by the parents. 

Adhesive electrodes 
As an alternative to the needle electrodes, I have focused on adhesive electrodes. These 
electrodes are generally used for ECG measurements, but can be used for CFM measurements 
as well. The adhesive electrodes have a conductive and adhesive tape that sticks to the skin, 
and they are therefore not reusable. Based on the studies for electrode metal, only Ag/AgCl 
electrodes are used. For the adhesives there are basically three characteristics that need to be 
taken into account for their use for CFM: 

• Long-term use 
• Usability in incubator 
• Skin friendly 

There are mainly three types of adhesive paste on these electrodes: soft cloth, foam and clear 
gel. Their characteristics are summarized in table C4. The soft cloth electrodes are widely 
used in child care, since they are skin friendly, even for the delicate skin of prematures. 
However, in the warm and humid incubator they absorb moisture, and therefore will detach 
after 1 to 24 hours. The foam electrodes are indifferent to high humidity; however, they suck 
the skin to the tape, and are therefore not friendly for the delicate skin of the premature and 
newborn. The clear gel electrodes have a long-term usability, even in the warm and humid 
incubator and they are skin friendly. 

Table E4: Basic characteristics of adhesive tape. 
Soft cloth Foam Clear gel 

Longterm use + + + 
(> 48h) 
Use in incubator - + + 
(90% humidity) 
Skin friendly + - + 
(for prematures) 

To attach adhesive electrodes it is necessary to scrub the skin, in order to remove dead cells of 
the skin. This process is also unpleasant for the newborn. To compare this effect with the 
needle electrodes, a pain score test has been performed (PIP-test), based on the reactions of 
the newborn, and the look of the skin after removing the electrodes. The PIP scores were 
lower for the scrubbing of the skin. Furthermore the adhesive electrodes do not detach when a 
nurse cares for the newborn, or when it is cuddled by its parents. 

There are different types of reusable Ag/ AgCl clear gel electrodes. Currently mostly used at 
the NICU are the 3M Red Dot electrodes 2269T. They are easy to use, even though the skin 
does need to be scrubbed. However, for use with the NicoletOne monitor, these electrodes 
have leads that are not long enough. The amplifier of the NicoletOne is attached to the outside 
of the incubator, since due to hygienic and electric properties of the amplifier, it cannot stay 
inside the incubator. Therefore the leads of the electrodes need to be at least 90 cm, and 
preferably over l m. The leads of the 2269T electrodes are only 60 cm. 
A second type of electrode has been introduced: Kendall ARBO electrodes H207PGT.These 

36 



electrodes have micropore adhesives that are very similar to clear gel. They are so far the only 
electrodes with suitable characteristics and cables that are just long enough, 90 cm. 
Another type of partly reusable electrodes are the click electrodes, shown in figure C4 C. 
These electrodes can be used with reusable cables of any length. The prices of these 
electrodes are also lower (beneath I euro each, compared to 2-3 euro each for the disposable 
electrodes (C4 A and B)). However, for neonatal or pediatric purposes this type of electrode 
has been manufactured with soft cloth and foam adhesives. 

N B) q 
Figure E4: Different types of adhesive electrodes: A) 3M Red Dot 2269T electrodes; B) 
Kendall ARBO H207PGT electrodes; C) Click electrodes with soft cloth 3M Red Dot 2258. 

Caps 
The widely used caps are the Electro-Caps (figure E5 A). They do have infant caps down to 
34 cm diameter. The electrodes used are generally tin-electrodes, which are made into 
relatively large plastic cups in the cap. For more comfortability and more stability they have 
sponge disks that are sticked to the skin, and fit around the plastic cups. These sponge disks 
prevent gel bridges as well. The fabric used in the cap is elastic spandex. These caps can be 
disinfected using alcohol. 

The company ANT-neuro put a cap product on the market, born from a research based need 
for more sophisticated caps, the Waveguard cap (figure E5 B). Their caps are made with 
sintered Ag/ AgCl electrodes and the fabric used is an elastic and breathing fabric. The plastic 
cups are rather small and thin, which is more comfortable for the patient. They use a kind of 
suction cups, to be less prone to movement and movement artifacts. These, however, can be 
replaced by more skin friendly rubber rings, also to prevent movement and gel bridges. The 
wires are all made into the fabric of the cap, making it more patient friendly. They can be 
disinfected, including the rubber rings. Furthermore, they have shown to have measurements 
with an impedance below IO kOhm, without the necessity to scrubb or scratch the skin of the 
newborn. ANT is working together with a doctor in Finland, Vanhatalo (Tallgren, 2005), to 
improve the caps and the electrode gel for neonatal use. They are willing to start a pilot study 
in cooperation with the MMC Veldhoven to evaluate the long-term use of these caps for CFM 
measurements. 
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A) B) 
Figure ES: A) Electro-Cap for neonates; B) ANT Wave guard cap. 
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Appendix F 

Results inquiry among nurses 

This appendix gives an inquiry and its results, performed in 2005 concerning the experience 
and questions of nurses about CFM. 

Inquiry 
Veldhoven, 16 februari 2005 

Betreft: voorlichting CFM-apparaat. 

Beste verpleegkundigen van de NICU, 

Sinds een jaar staat op de NICU het CFM (cerebral function monitor) apparaat. Sommige van jullie 
zullen hier al mee gewerkt hebben, en anderen misschien nog niet. Natuurlijk roept deze nieuwe 
manier van monitoren vragen en onduidelijkheden op. 
We willen jullie nog meer vertrouwd maken met het continu monitoren van de cerebrate functie. 
Daarom hebben wij besloten een voorlichting te organiseren over het CFM apparaat. Om deze echter 
zo volledig en efficient mogelijk te kunnen laten verlopen, willen we jullie graag een paar vragen 
stellen over jullie ervaring met het CFM apparaat. 
Na het invullen (gaarne voor 1 maart) van deze vragen kan dit formulier in een van onze postvakjes 
gedeponeerd worden. 

Bij voorbaat dank. 

Jacqueline van der Sluijs, kinderarts I fellow neonatologie 
Charlotte Lommen, onderzoeker CFM 

1. Hoe vaak heb je zelf al een CFM-meting opgestart? 

2. Hoe vaak benje bij een CFM-meting betrokken geweest? 

3. Hoe ervaar je het werken met CFM? Positieve en/of negatieve punten? 

4. Wat is voor jou onduidelijk over het werken met de CFM? 

5. Wat zou je graag nog meer willen weten over de CFM? 

6. Is volgens jou de handleiding bij de CFM duidelijk genoeg? Wat zou jeer graag anders in zien? 

7. Heb je nog suggesties voor de voorlichting? 
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Results Inquiry 

Reacties op enguete over voorlichting CFM 

Aantal reacties: 

Hoe vaak heb je zelf al een CFM-meting opgestart? 
0 1 2 3 4 5 6 Aantal 

keren 
11 7 3 1 3 1 

Hoe vaak ben je bij een CFM-meting betrokken geweest? 
0 1 2 3 4 5 6 Aantal 

keren 
2 9 3 4 1 1 3 3 

Hoe ervaar je het werken met CFM? Positieve en/of negatieve punten? 

N f f ega 1e: 
Naaldies qaan snel uit het hoofdie, ook bii qoede fixatie. 3 
Vaak alleen rugliaaing mogeliik. Mag kind er niet op liaaen? 3 
Kindie moet in houdinq lkmen/op ruq verzorad worden 3 
Naaldies moeten soms herplaatst moeten worden voor optimale meting 1 
Te weiniq mee qewerkt (noq onwenniq) 5 
Naaldjes inbrengen zonder pijnstillen; paracetamol gewenst 2 
Er kan niet/moeiliik qebuideld worden 1 
Plakkers gaan makkelijk los 1 
Om na een paar uur weer te moeten wisselen van kind 1 
lndien er veel handelingen/onderzoeken moeten gebeuren is het intikken vervelend. 1 
lnbrenqen naaldies : onzeker of ze qoed zitten 1 
Kinderen verpleegd met hoofd in middenstand, jammer 1 
Onhandiq met de draden -> pleisters/naaldies qaan snel los 1 
Naaldjes inbrengen. Is er niet iets anders ontwikkeld? Elektrodes? 1 
Je verqeet snel om bii iedere handelinq te 'reqistreren' 2 

1 

Positief 
Na 24 uur wordt het weer qestopt, duurt geen dagen. 1 
Geeft meer waarde mbt observatie/ behandelinq/veel informatie 2 
Om convulsies qereqistreerd te zien 1 
Duidelijk aooaraat 1 
Bedieninq aooaraat, werkt makkeliik 2 
Protocol is duidelijk 1 
Kinderen ziin ook in andere houdinqen te veroleqen dan alleen rugliqqing 1 

Verder 
Als je het 1 keer qedaan/qezien hebt wordt het al een stuk makkeli iker 1 
Je moet er wel goed aan denken om elke actie/ handeling te markeren 1 
Bliikt minder belastend dan in eerste instantie liikt 1 
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Wat is voor jou onduidelijk over het werken met de CFM? (open vraag, meerdere antwoorden 
mogelijk) 
Enqels kaartie van voorbeelden van hersenactiviteiten, liever Nederlands 1 
Hoe zie je precies een convulsie? 1 
Te weiniq ervarinq 1 
CFM lezen is moeilijk/beoordelen 5 
Basisprincioes ziin duideliik 2 
Pijnstilling 1 
Buideling 1 
Raooortage biihouden noq onduideliik 1 
Verwerking van gegevens, hoe vindt dat plaats? 1 
lnterpreteren scherm 1 
Altiid nodig om te markeren? Incident zie je toch wel? 3 
Na hoeveel tijd is CFM meting betrouwbaar bii een kind? 1 
Wanneer en hoe op het CFM aooaraat beschreven moet worden welke handelinqen ie doet. 1 
Kan de knoppen noq niet zo goed vinden (weiniq ervaring) 1 
Betekenis onduidelijk 1 
Tussen 2 oatienten wisselen om de paar uur, hoe patienten aanmelden? 1 
Wat wordt er met de gegevens gedaan? 1 
Hoeveel oatienten doen mee aan het multi-center onderzoek? 1 
Noq zo'n beetie alles 1 
Soms denk ik een incident te herkennen n.a.v. de plaatjes uit het protocol, maar dan blijkt het 1 
toch acceptabel te zijn. 
De indruk er te vaak een arts bii qehaald te hebben 1 

w ·11 at zou 1e araaa noa meer w1 en weten over d CFM? e 
Wanneer is er een afwijkend patroon te zien? Uitleg patronen 4 
Hoe zie ie precies een convulsie? 1 
Alles (wat belangrijk is voor verpleegkundigen) 4 
Meer ervarinq 1 
Strookje CFM met EEG-meting in verband brengen? Meer verband 1 
Verwerking van geqevens, hoe vindt dat olaats? 1 
Wat zie ik precies? Meer voorbeelden, meer diepgang 2 
lnterpreteren scherm I beoordelen 5 
Altiid nodiq om te markeren? Incident zie je toch wel? 1 
Voortgang onderzoen en evt behaalde resultaten tot nu toe 1 
Wat moet ik doen met welke knoppen/toetsen? 1 
Wat wordt ermee gedaan? 1 
Hoe werkt het CFM precies? 2 
Wat kan er van mij (verpleegkundige) verwacht worden als ik met CFM werk 1 
Duidelijke uitleg over het aooaraat. lnstructieles 3 
Uitleg over instellingen 1 
lnvoeren gegevens, markeren 1 
Meer theoretische vorming over neurologie 1 

anders in zien? 

Duidelijker aangeven dat het kind niet op naaldjes mag liggen en ook niet met steunen in 
contact ma komen 

Plaatjes CFM-beelden: als er een kind aan ligt is het moeilijk te beoordelen bij welk plaatje het 
CFM beeld van het kind ast 

14 

2 
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H b" e 1e nog suaaest1es voor d r h · ? e voor 1c tmg . 
Op een pop (hoofdje) naaldjes inbrengen + fixeren. 2 
Meer voorbeelden en eventueel syllabus met plaatjes van verschillende soorten convulsies op 1 
CFM. 
Patronen leren herkennen, hoe interpreteer je de gegevens? + akties 3 
Niet precies, maar meer duideliikheid is wenseliik 1 
Meer uitleQ/dieoaanQ 1 
Andere mogeliikheid plakkers? 1 
Gebruik skillslab 1 
Materiaal ter voorbereiding 1 
Demonstratie hoe CFM precies werkt 1 
Hoe moQen deze kinderen verpleegd warden? Vb wisselliQQinQ, buidelen enz 1 
Apparaat doornemen stap voor stap 1 
Klinische lessen over neurologie EEG 1 
Hoe het werkt dmv klinische les 1 
Alles noQ eens Qoed op een riitie zetten. 1 

Samenvatting resultaten enquete: 

Belangrijkste punten: 

• Dael CFM 
• Herkenning patronen I interpreteren gemeten signaal 
• Naaldjes 

o pijnlijk 
o gaan makkelijk las, fixatie 

• Houding pasgeborene 
o alleen rugligging? 

• Werking CFM-apparaat 
• Markeren/registreren 

o hoe? 
o wanneer? 

• Lopend onderzoek, wat wordt er met de signalen gedaan? 
• Theorie neurologie 
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Appendix G 

Handouts education for nurses 
Cerebral Function Monitor (CFM) 

De Cerebral Function Monitor is een apparaat dat het mogelijk maakt continu het brein van de 
pasgeborene te monitoren. Het meet de elektrische hersensignalen van de neonaat, net als het 
EEG. Maar het CFM meet maar 1 signaal, een afleiding van 2 elektroden, waarbij een derde 
elektrode dient als neutrale elektrode. Verder wordt dat ene signaal in amplitude en tijd 
gecomprimeerd, waardoor een overzichtelijk signaal ontstaat, waarbij in 1 oogopslag, 3 uur 
signaal zichtbaar is. 
Het CFM signaal (ook wel amplitude-integrated EEG, of aEEG genoemd) geeft dus globale 
informatie over de toestand van het brein van de neonaat, en gaat voorbij aan heel kort 
durende events, of heel plaatselijk voorkomende events. Door al deze vereenvoudigingen 
wordt een signaal gecreeerd dat overzichtelijk lange perioden weergeeft, en dat relatief 
eenvoudig te lezen is door niet-gespecialiseerd personeel. Hierdoor wordt het mogelijk 
neonaten voor zelfs dagen Jang met behulp van de CFM te monitoren. 

Figuur 1 geeft de grafiek waarin de CFM signalen warden weergegeven. De amplitude is 
hierbij uitgezet in µV, maar de schaal geeft geen lineaire afstanden tussen bijvoorbeeld 10, 25 
en 50 µV. Dit is gedaan zodat signalen met kleine amplitudes duidelijk weergegeven warden, 
en tegelijkertijd amplitudes tot 100 µ V in dezelfde grafiek passen. In de tijdschaal is steeds 
om de 10 minuten een verticale streep zichtbaar. Een scherm komt overeen met 3 uur. 

µV 100 µV 100 µV 

A ' amplitude 
50 50 

25 25 

10 10 

5 5 
tijd 

~ > n 

Figuur 1: het scherm van de CFM. 
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Zichtbaar in het CFM signaal zijn: 
• Achtergrondpatroon; binnen welke voltages het CFM-signaal zich over het algemeen 

bevindt. Hieronder worden de verschillende soorten achtergrondsignalen kort 
beschreven. 

• Slaap-waak cyclussen; deze zijn pas zichtbaar vanaf een bepaalde conceptionele 
leeftijd. Ze zijn herkenbaar door veranderingen in de bandbreedte van de amplitude. 

• Convulsies; deze kenmerken zich als een abrupte verhoging van de ondergrens, en 
een vemauwing van de bandbreedte van het CFM-signaal, voor een beperkte tijd. Een 
convulsie kan van 10 seconde tot een half uur of zelfs nog langer duren. 

Er zijn verschillende soorten achtergrondsignalen, die zich voomamelijk karakteriseren door 
verschillen in amplitude: 

• Continuous Normal Voltage, CNV: dit signaal heeft een amplitude voomamelijk 
tussen de IO en 25 µV (tot 50µV). 

• Discontinuous Normal Voltage, DNV: met een amplitude voomamelijk boven de 5 
µV. 

• Burst suppression, BS: Heel laag voltage, onder de 5 µV, afgewisseld door hoge 
pieken, de bursts, die minimaal IO per 10 minuten voorkomen. 

• Continuous extremely Low Voltage, CL V: heel laag gevolteerd patroon, tussen 0 en 
IO µV. 

• Flat Trace, FT: activiteit beneden 5 µV. Deze kan een enkele hoge piek hebben, maar 
minder dan bij de burst si.Ippressie. 

Het CFM achtergrondpatroon is afhankelijk van de conceptionele leeftijd. Bij een prematuur 
is DNV een normaal patroon. Naarmate de conceptionele leeftijd stijgt, stijgt ook het CFM 
signaal. Bij voldragen neonaten is CNV een normaal achtergrondpatroon, en DNV redelijk 
abnormaal. BS is abnormaal, maar kan nog altijd leiden tot een normale uitkomst en CL V en 
FT zijn extreem abnormaal, voor prematuren en voldragen neonaten. 

Voorbeelden van de patronen zijn weergegeven in de figuur op de volgende bladzijde. 
Zichtbaar zijn: 

a. Een DNV, dat langzaam overgaat in CNV. 
b. Een BS patroon. In dit signaal is er een hoge dichtheid van hoge pieken (bursts). 
c. CLV patroon. De kortdurende verhogingen in het signaal komen waarschijnlijk door 

beweging van de pasgeborene; dit zijn waarschijnlijk bewegingsartefacten. 
d. FT patroon. Bij het begin van dit signaal zou je ook kunnen spreken van BS met een 

hele lage dichtheid van bursts. 

Overige voorbeelden zijn te vinden in het protocol dat aan het CFM apparaat hangt. 

Verder wil ik graag dat jullie er even bij stilstaan dat bewegingen van de neonaat, of 
bewegingen aan de elektroden zichtbaar zijn in het CFM signaal, zoals in figuur c. Ga voor 
jezelf na, wat jij denkt dat gebeurtenissen/handelingen/behandelingen op de NICU zijn, die 
effect zouden kunnen hebben op het CFM signaal. Het markeren van deze gebeurtenissen is 
van groot belang voor het achteraf beoordelen van het signaal. 
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Appendix H 

Protocols Cerebral Function 
Monitoring 

H.1 Cerebral Function Monitoring (nurses protocol) 

Cerebrale functie monitoring bij pasgeborenen 

Doel van de handeling 

• Monitoring van de hersenfunctie. 

• Research 

lndicaties 

• Alie kinderen die participeren in de multicenter studie over subklinische neonatale convulsies: 

o G.A. >37 wkn. 

o Perinatale asfyxie en/of convulsies 

o Binnen 24 uur opgenomen op een neonatale intensive care 

• Alie a terme kinderen waarbij er neurologische schade of convulsies te verwachten zijn 

(asfyxie, neurologische infectie, zeer zieke kinderen), maar die buiten de criteria van de studie 

vallen of waarvan de ouders niet willen participeren in de studie 

• Alie a terme kinderen die verslapt zijn, waardoor je de neurologie niet meer kunt beoordelen 

• Alie preterme kinderen waar het vermoeden op convulsies bestaat en je neurologische 

schade kunt verwachten, zoals asfyxie en vermoeden van sepsis en/of meningitis 

Opmerkingen 

• In de multicenter (Utrecht) studie wordt het effect van behandeling van niet-klinische convulies 

onderzocht. Deze studie wordt op onze NICU gecoordineerd door de neonatologen. 
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• Convulsies op het CFM warden behandeld als ze oak klinisch zichtbaar zijn, of als er een 

status epilepticus wordt geconstateerd. Bij meerdere convulsies op het CFM per uur moet 

behandeling overwogen warden. 
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Benodigdheden 

• CFM-monitor 

o Bij pasgeborenen van de multicenter studie: Olympic CFM 

o Bij 2-kanaals metingen: NicOne 

o Overig: beide monitoren kunnen gebruikt worden 

• Elektrodes 

o Bij pasgeborenen van de multicenter studie: naald-elektrodes 

o Overig: in eerste instantie plakelektrodes. Mochten deze een te hoge impedantie 

geven, toch naald-elektrodes gebruiken 

Algemene werkwijze 

• Volg gebruiksaanwijzing van de desbetreffende monitor. Sluit elektrodes aan volgens protocol. 

• Let op impedantie, deze moet onder 10 kOhm blijven (zie gebruiksaanwijzing monitor) 

• Waarschuw een arts bij convulsies 

Voorbeelden van CFM patronen, zie medisch protocol. 

Advies in relatie tot pijn 

(Adviezen geformuleerd door de Landelijke Pijnwerkgroep NICU's) 

Wat doet er precies pijn bij deze handeling: 

• Het liggen op de naaldjes 

• Manipulatie aan het hoofd 

Adviezen ter voorkoming van pijn: 

• Hoofd zodanig positioneren dat patient niet op de naaldelektrode ligt 

• Bij manipulatie aan het hoofd tractie aan de draden voorkomen 

Bijbehorende protocollen 

Protocol: lnbrengen en fixeren van naald-electrodes voor CFM bij pasgeborenen 

Protocol: Verwijderen van naald-electrodes voor cfm bij pasgeborenen 

Protocol: Aanbrengen van plakelektrodes voor CFM bij pasgeborenen 

Protocol: Gebruiksprotocol Olympic CFM 

Protocol: Gebruiksprotocol NicOne CFM 
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H.2 Medical protocol CFM 

PROTOCOL CFM 

Januari 2007. C Lommen; H Niemarkt; J van der Sluijs; J Buijs. 

lnleiding 

In dit protocol worden besproken de indicaties voor het gebruik van de CFM, de keuze van de 

elektrodes (naalden, plakkers), de verschillende apparaten (Olympics, NicoletOne) en de patronen op 

de CFM (achtergrond, convulsies, slaap-waak cycli). 

Diagnostiek 

lndicaties voor het gebruik van de CFM 

1. Alie a terme pasgeborenen die in de CFM Trial (wel/niet behandelen subklinische convulsies) 

participeren. 

2. Alie a terme pasgeborenen waarbij er neurologische schade of convulsies te verwachten zijn 

(asfyxie, neurologische infectie zoals meningitis, ernstig zieke kinderen), maar die buiten de 

criteria van de CFM Trial vallen of waarvan de ouders niet willen participeren in deze trial. 

3. Alie a terme kinderen die verslapt zijn, waardoor de klinische beoordeling ernstig verstoord 

wordt. 

4. Alie preterme kinderen waar het vermoeden op convulsies bestaat en neurologische schade 

verwacht kan worden, zoals asfyxie en vermoeden van sepsis en/of meningitis. 

Dit betekent dat CFM bij deze groep gebruikt wordt voor bevestiging van de kliniek (bewegingen 

verdacht voor convulsies) en monitoring van de hersenfunctie voor wat betreft achtergrondpatroon en 

slaap-waak cyclus. 

Bij een tekort aan CFM apparaten gaat de CFM Trial v66r het klinische gebruik op de afdeling. 
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ELECTRODES 

1. NMLDELECTRODES: 

a. Patienten die geincludeerd kunnen worden in de CFM Trial krijgen primair 

naaldelectrodes. lnclusiecriteria zijn: 

• Gestational Age > 37 weken 

• Asfyxie (volgens Trial protocol)* 

• Neonatale convulsies binnen 24 uur post partum opgenomen op NICU 

Exclusiecriteria: 

• Chromosomale of congenitale afwijkingen 

• Verslapte patient 

• Diphantonine gehad voor onderzoek 

• Midazolam ter sedatie 

*Criteria asfyxie CFM Trial (minstens 3 van de volgende criteria): teken van intra-uteriene 

asfyxie:-meconium houdend vruchtwater of deceleraties op CTG; arteriele navelstreng 

pH<7, 1 O; vertraagd op gang komen spontane regulier ademhaling > 5 minuten 

postpartum; Apgar score <5 na 5minuten;-Multi Organ Failure. 

b. Patienten bij wie plakkers niet lukken en CFM meting klinisch noodzakelijk wordt 

geacht. 

• Plakkers laten los 

• lmpedantie > 10 kOhm 

• NB. Probeer altijd te overleggen met Hendrik of Charlotte als het niet lukt** 

2. PLAKKERS: 

a. Patienten die niet voldoen aan inclusie criteria CFM Trial 

b. Prematuren 

c. CFM ter uitsluiting convulsies (bijvoorbeeld bij kind met apneus) 

d. Als NicoletOne monitor gebruikt wordt 

e. Wetenschappelijk onderzoek 

NB: er is een protocol voor het plakken van de CFM plakkers (op CFM kar!) 

Probeer bij problemen met de plakkers Hendrik te bereiken. Telefoonnummer: 3371 ;Thuis: 06-
21825013 (schroom niet te bellen buiten kantooruren/ bij niet opnemen: spreek voicemail in). 
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APPARATUUR 

1. Olympic wordt gebruikt: CFM Trial (beslist door supervisor) of CFM op klinische indicatie 

(beslist door supervisor). 

2. NicoletOne wordt gebruikt: wetenschappelijk onderzoek; klinisch: alleen als daar harde 

klinische reden voor is (dit dan ook vermelden in status) 

De NicoletOne is een kostbaar apparaat. Wees er zuinig op! -Na gebruik direct terugzetten in PINO 
hok (sleutel op secretariaat NICU aan gele Pino sleutel hanger). 

Geen vloeistoffen in de buurt van het EEG apparaat laten komen, ook niet in het mandje! 

PATRONEN IN CFM 

In het CFM zijn te herkennen: 

• Achtergrondpatroon; de algemene activiteit van de hersenen 

• Convulsies; te herkennen aan plotselinge stijging van de ondergrens in combinatie met 

stijging van de boven grens 

• Slaap-waak cyclus; te herkennen aan een cyclische wisseling in bandbreedte. 

Let op: CFM is een vereenvoudigde versie van het EEG. Het EEG blijft de gouden standaard. 

Sommige CFM signalen zijn moeilijk te interpreteren. In dat geval is een EEG vereist voor de juiste 

interpretatie. 
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A} CNV(Continuous Normal Voltage} amplitude ondergrens: 5-10 µV; bovengrens: 10-50 µV. 

B} DNV(Discontinu Normaal Voltage} amplitude ondergrens < 5 µV; bovengrens >10µV. 

C} BS( Burst Suppression} discontinue activiteit met weinig varierende ondergrens: 0-1 µV. 

D} CLV (Continuous Low Voltage} continue activiteit met laag voltage <5µV. 

E} FT (Flat Trace} inactieve achtergrond <<5µV; iso-electrisch. 

NB: BS, CLV en FT zijn bij a terme neonaten afwijkende achtergrondpatronen! 
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Convulsies 
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Convulsies ziin te herkennen in het CFM beeld aan de stiiging van de ondergrens van het 

signaal in combinatie met de bovengrens. Mocht het onduidelijk zijn of een stijging 

daadwerkelijk een convulsie is, kijk dan naar het EEG signaal. Bij convulsies zal hierin een 

repeterend patroon te zien zijn. De repeterende patronen kunnen echter wel verschillende 

vormen hebben, zoals te zien in het EEG van 3 verschillende convulsies uit hetzelfde CFM 

signaal hierboven. 
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A. Convulsies 

B. Burst suppressie met convulsies, de strakke ondergrens van de BS wordt onderbroken door 

kleine stijgingen. 

C. Status epilepticus: een toestand van voortdurende convulsies. 
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Slaap-Waak Cycli 
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Slaap-waak cycli, te herkennen aan de verandering in breedte van de CFM band. Het brede 

gedeelte is rustige slaap, het smalle gedeelte REM-slaap of waak. 

Artefacten. 
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Dit CFM signaal is erg hoog, en met name uigerekt naar boven. In het begin zijn nog twee 

patronen zichtbaar die op convulsies lijken, maar verderop in het signaal is het onduidelijk. In 

dit geval zat een elektrode los. 
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Spierartefacten: in sommige gevallen kan spieractiviteit gemeten worden door de elektrodes. 

Deze activiteit kan in het CFM signaal dezelfde patronen geven als convulsies, zoals hierboven. 

Als echter het EEG signaal erbij genomen wordt, is een snelle fluctuatie in het signaal 

zichtbaar. Oat is een aanwijzing dat spieracitiviteit is gemeten op dat moment. 

Let op: als spieractiviteit wordt gemeten, betekent dat over het algemeen dat de elektrodes te 

ver naar voren zijn geplaatst. 
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HFO artefacten. Tijdens HFO metingen kan het signaal vervormd zijn, zoals hierboven. Op het 

moment dat SIMV is aangegeven, is de conventionele beademing weer ingeschakeld. 

Voordat de conventionele (SIMV) beademing is ingeschakeld lijkt CFM patroon lijkt het beeld 

van een convulsie te tonen. In het EEG is ook een ritmisch patroon zichtbaar, dit patroon heeft 

echter een duidelijk constante frequentie van 1 O Hz (1 O golven per seconde) en is dus 

veroorzaakt door HFO. 

Let op: Tijdens HFO kunnen nog wel convulsies gemeten worden, deze zijn zichtbaar als een 

extra stijging in de ondergrens van het signaal. 

Behandeling 

Ten aanzien van de behandeling van convulsies in relatie tot de CFM geldt het volgende: 

Een status epilepticus die alleen op de CFM wordt geconstateerd, dus zonder klinische verschijnselen, 
wordt wel behandeld. 

Convulsies die op de CFM warden gezien , maar niet klinisch, warden niet behandeld, tenzij 

kinderen in de CFM Trial geincludeerd zijn. 
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Appendix I 

Literature study 

1.1 Principles for educational software design 

For the development of educational software there are some principles and guidelines that are 
useful to make the program efficient. These include pedagogical principles and usability 
guidelines for software interface. The pedagogical principles used in education, both medical 
and general, have severely altered in the last decades. Traditional education was mainly 
based on tutorials by a teacher, passive learning, and motivation due to examination. Current 
education is preferably based on learner centered learning, where motivation is coming from 
the learner, learning is an active and collaborative process and a variety of instructional 
methods are used. (Amin, 2003) In this appendix the pedagogical principles for educational 
software are described as well as some usability guidelines. 

Leaming is personal 
One of the main pedagogical principles is that learning is personal.(Talavera, 2001; de 
Marisco, 2006; Rubens, 2005; Squires, 1999; Keulers, 2006) Everybody has their own 
preference in learning style, and also their own learning needs. The reason for these different 
preferences is based on cultural differences between different countries and different 
institutes, educational background, and individual differences. To meet these individual 
preferences, it is suggested to give the user some control over the learning methods for 
example by flexibility in the interface and modularity of the learning environment (Squires, 
1999; Rubens, 2005). Moreover from this arises the importance to analyze the training needs 
prior to the development of the training program.(Keulers, 2006; Talavera, 2001) 

Active learning 
Another educational principle involves active learning of the students, also referred to as 
knowledge building (Rubens, 2005; Amin, 2003). This is in contrast to passive learning or 
assimilation of knowledge as used to be the regular educational method. In active learning 
knowledge is constructed through actively solving problems of understanding by for example 
problem based learning or projects. Active learning is both more motivating and creates a 
more efficient learning process than passive learning. (Amin, 2003; Keulers, 2006) 

Scaffolding 
Scaffolding information is building new knowledge with help of, and on top of previous 
knowledge. (Rubens, 2005) One educational method that involves scaffolding is experiential 
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learning. (Amin, 2003) In experiential learning past experience is used in new settings, this is 
followed by observation and reflection and subsequently the development of new general 
principles. These new general principles are tested in a new simulation, which results into 
new experience and knowledge. 

Progress analysis 
A fourth important principle is the progress analysis, or in other words following the progress 
of the trainee. (Rubens, 2005; Amin, 2003) This is important for the tutor, but just as 
important for the trainee. For a trainee, following his/her own progress is motivating, and will 
therefore make training more efficient. In these progress reports it is important to give 
feedback to the trainee. (Squires, 1999) For the tutor the progress is important as well, 
however, his role in this type of learning is generally as a facilitator. (Rubens, 2005) 

Collaborative learning 
One of the educational principles seen in literature is collaborative learning (Squires, 1999) or 
community building (Rubens, 2005). There are many facets to this principle. Leaming in a 
group is a motivating factor. Furthermore, asking for help to coworkers is easier and more 
fun than asking help from the tutor. Finally, explaining things to a coworker is the highest 
level of learning. When a trainee explains a theory, it is most likely that this trainee will 
understand and remember this knowledge. 

Cosmetic authenticity 
Cosmetic authenticity of educational software will make the emotion of the trainee more as in 
the real life situation. Therefore the learning experience will be more enduring. (Squires, 
1999) In simulation cosmetic authenticity is a main factor. 

Adult learner 
Some more specific pedagogical principles follow from the specification of the learner to 
adult learner. Some of their learning characteristics include wanting to have control over their 
own learning, being very critical of their own achievements, and learning most efficiently 
when the process is based on their life experience. This leads to some principles useful in 
creating an educational process or program. First it is very important to realize that the adult 
learner does not want to feel naive, but does need to be intellectually challenged in the 
learning process. Connected with this is the need for a good learning needs assessment. Most 
effectively is an individual learning needs assessment, to create individual learning goals. 
Moreover, individual learning, based on these individual learning goals is preferred by adults. 
Finally, an internal motivation for learning and methods for reviewing own learning progress 
is important for adult learning. (Amin, 2003) 

Motivation 
As already described in several of the earlier principles, the motivation to learn is very 
important in the efficiency of learning. Most efficient is when the motivation is coming from 
the learner himself, as opposed to reinforced motivation by for example examination. 

Usability interface 
Finally, some design principles concerning usability of interfaces are important to create an 
efficient training program. The principles are straightforward, but easily overlooked in the 
design process. Most used usability principles are described in a book by Nielsen. (Nielsen, 
1993) They include simple and natural dialogue with terminology based on the user. 
Consistency in the interface is very important. Furthermore, clearly marked exits and 
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shortcuts should be included. Naturally the design process should include to prevent errors, 
but when errors do occur it is important to show clear error messages. Finally, help and 
documentation are very important, as well as heuristic evaluation and good feedback. 

Team involvement 
As described above, many different types of principles and guidelines exist, that need to be 
taken into account in the development process. Moreover, a good knowledge of the trainee in 
the design process is fundamental. For these reasons it is very useful to create a team of 
experts of different disciplines that can help in the development process of educational 
software. (Keulers, 2006; Kofranek, Dornan, 2005) 

1.2 Process of development 

The educational software will be based on simulation. Simulation uses active learning, it can 
easily be used for scaffolding information, and cosmetic authenticity is a main feature. 
Furthermore, simulation is very useful to train situations that are rare and situations where in 
real life time and/or scale are limiting factors for the learning process. CFM is used for about 
15 % of the newborns at the NICU. The signals are measured for days, which means that with 
changing shifts, personnel often loses the educational moment of the rest of the signal. 
Furthermore, CFM is often started during acute situations, when attention of medical 
personnel is divided between different procedures and monitors. Decisions concerning 
diagnosis and treatment need to be made on these signals. Simulation is a good method to 
practice the decision-making process. The trainee can practice in interpretation of signals and 
making of decisions based on them, in a time that no other acute situations concerning a 
patient arrive. Finally, simulation is very useful in educational software to be used in 
combination with game elements. This makes the educational experience more motivating 
and more fun. (Aldrich, 2005) 

As seen in the pedagogical principles that learning is personal and that adults are very critical 
of their own achievement, it is very important for an analysis of the training needs before the 
development of the educational software. These training needs should be the driving factor of 
the development. Other factors like financial and technological (im)possibilities have to be 
secondary, compared to the specific training needs. 

The 'handbook of simulator based training' by Farmer (Farmer, 1999) describes steps to build 
an educational simulator, based on the specific training needs. This book was recommended 
to us by dr. Willem van Meurs, head of a simulator research group at the Instituto de 
Engenharia Biomedica, Porto. The book is primarily written for simulator development for 
military purposes. However, the steps described are suitable for simulator development in 
any professional/educational area. These steps can be used for screen-based as well as non­
screen-based simulators. This makes the described development process suitable as well for 
other intended research projects at the Maxima Medical Center in Veldhoven. 

In the first step the training needs of the different target groups is analyzed. The second step 
in the guidelines is the design of the training program based on the specific training needs. In 
the third step the training media specifications are described, to specify how the program 
design can be realized. These steps for the CFM simulator are described in appendix G2 
through G4. 
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Appendix J 

Training Needs Analysis 

In the training needs analysis (TNA) the need of training is assessed. This is done by first 
analyzing the mission of the CFM, followed by the tasks that need to be performed to achieve 
the mission. After that the target groups for training, their current level of knowledge and 
skills and their expected level of knowledge and skills of the defined tasks are analyzed. 

1.1 Mission and tasks of CFM 

The mission of CFM is to monitor the function of the brain of newborns. This is monitored 
using 3 to 6 electrodes on the head of the newborn. The measured signal needs to be checked 
for reliability and marked in case of events that may effect the recording. Finally the artefacts 
need to be detected and the signal needs to be interpreted according to background pattern, 
seizures, and sleep-wake cycles. 

The tasks that are required to fulfill the mission of CFM are given in table Jl. These tasks are 
split into different categories of knowledge and skills. This will give insight into means 
needed to train these different tasks. 

1.2 Trainee and training analysis 

The different target groups that need to be trained are the medical specialists, the residents 
and the nurses in neonatology. Medical specialists are mainly neonatologists, but also 
pediatricians that regularly work at the neonatal intensive care. Their full agenda's make it 
difficult for them to be trained by regular instructions. Residents in pediatrics are substituted 
every two years, and therefore regularly new residents appear with a very low level of skills 
and knowledge. The nursing team of the NICU at the MMC Veldhoven count about 70 
members. Many of them work part-time and some of them work mostly in night shifts. This 
makes it difficult to give all of them regular training concerning CFM. 

The current level of knowledge is different for the three target groups (table 12). Medical 
specialists have generally a basic level of knowledge and skills, while the residents, because 
of their frequent renewal, are regarded as having no current knowledge and skills concerning 
CFM. The main skills of the nurses concerns the performance of the measurements. The level 
of skills concerning the interpretation of CFM recordings is diverse, and therefore considered 
to be low to absent. 
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The expected level of skills to fulfill the mission of CFM adequately is shown as well in table 
G2. Mostly an advanced level is expected of all medical personnel. The knowledge and skills 
concerning EEG for the medical specialists is regarded as basic, since this is used as a backup 
for the interpretation of CFM. The level of expected skills and knowledge for residents is 
equal to medical specialists. The nurses do not need to have an advanced level of skills in 
interpretation of CFM, except for the interpretation of seizures, since this is necessary for 
early detection and treatment of the seizures. 

From table J2 it becomes clear what the training need of the different target groups is. This is 
necessary to know, to be able to develop an efficient tool for their training. 

Table Jl. Tasks required to fulfill the mission of CFM, split into different categories of 
knowledge and skills. 

Opstarten/ afsluiten 
CFM meting 
Positioneren van 
elektrodes 
Fixeren van elektrodes 
- Naald elektrodes 
- Plak elektrodes 
Controleren betrouw­
baarheid meting 
Reageren op 
onbetrouwbare meting 
Markeringen bijhouden 

Detecteren artefacten 

Theoretische kennis 
CFM signaal 
Theoretische kennis 
EEG signaal 
Interpreteren CFM 
signaal 
- Convulsies 
- Achtergrondpatronen 
- Slaap-waak cycli 
Interpreteren EEG 
signaal 
Waarschuwen medisch 
specialist 

Kennis Vaardh heden 

x x 

x 

x x 

x 

x x 

x x 

x x 

x 

x 

x x 

x x 

x 
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Tabel J2. Huidige en verwachte kennis van de verschillende doelgroepen, in categorieen: 
1. geen tot weinig ervaring I kennis 
2. basis ervaring I kennis 
3. geavanceerde ervaring I kennis 
nvt = met van toepassmg. 

Kinderartsen- Arts-assistenten Verpleegkundigen 
neonatologen 

Hui dig Verwacht Huidig Verwacht Hui dig Verwacht 

Opstarten/ afsluiten 
CFM meting 2 3 1 3 2 3 
Positioneren van 
elektrodes 2 3 1 3 1 3 
Fixeren van elektrodes 
- Naald elektrodes 2 3 1 3 2 3 
- Plak elektrodes 1 3 1 3 1 3 
Controleren betrouw-
baarheid meting 2 3 1 3 2 3 
Reageren op 
onbetrouwbare meting 2 3 1 3 1 3 
Markeringen bijhouden 

2 3 1 3 2 3 
Detecteren artefacten 

2 3 1 3 1 2 
Theoretische kennis 
CFM signaal 2 3 1 3 1 2 
Theoretische kennis 
EEG signaal 1 2 1 2 1 1 
Interpreteren CFM 
signaal 
- Convulsies 2 3 1 3 1 3 
- Achtergrondpatronen 2 3 1 3 1 2 
- Slaap-waak cycli 1 3 1 3 1 2 
Interpreteren EEG 
signaal 1 2 1 2 1 1 
W aarschuwen medisch 
specialist nvt nvt 1 3 1 3 
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Appendix K 

Design strategy of CFM 
simulator 

The design strategy is as described in a book by Farmer (1999), based on the training needs 
analysis as described in appendix J. In the training program design (TPD) a global set up of 
the training program, based on the specific training needs that were analysed, is given. Also 
the different scenarios included will be described. Subsequently the training media 
specifications are described. 

K.1 Training Program Design 

Figure Kl gives the flow diagram of the training program design. The different aspects are 
described below. 

Entry CFMsim 
• Entry of personnel ID. The trainee will be identified, and placed in category of 

medical specialist, resident or nurse. 
• Choice for the trainee: 

o Continue where the trainee left off last time 
o Go to an earlier level 
o Go to review mode, to review typical CFM recordings 

Level 0 
Theoretical introduction 

Medical specialist and residents Nurses 

Importance of CFM Importance of CFM 
EEG: what is measured 
How is CFM calculated from EEG CFM: what is measured 
Electrodes Electrodes 
Important aspects of measurement: Important aspects of measurement: 
impedance/ marking of events impedance/ marking of events 
Classification CFM Classification CFM 
Possible sources of artifacts Possible sources of artifacts 
Showing protocol of department Showing protocol of department 

Evaluation: this part will be evaluated with multiple choice questions 

66 



Leyel 1-4 

End CFMsim 
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Figure Kl: Flow diagram of the training program 

Level 1-4: 

Anamnese 
The anamnese and background of a newborn in need of CFM is described. 

Placement of electrodes 
• Choose the monitor 
• Choose the type of electrodes 
• Position the electrodes: drag them to the right place on the head of the newborn 
• Fixate the electrodes: short description/illustration how to fixate the electrodes 
• Check reliability: if the impedance exceeds 10 kOhm, the electrodes need to be 

checked and possibly replaced. 
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This step should mainly be practiced in the skills lab, and should therefore not take too much 
time in the training program. 

Measurements (peiformance +interpretation) 
Performance of the measurement 

• Impedance is given on the monitor. When the impedance exceeds 10 kOhm, the 
trainee should react by checking the electrodes. If necessary, the electrodes need to be 
replaced. 

• On the screen certain events (like parents cuddling the newborn) or medical 
procedures are given, like care, medication, etc. These procedures as well as clinical 
seizures, need to be marked in the recording. 

• When an according to protocol number of seizures has occurred, a medical specialist 
needs to be warned and needs to make a decision about medication. 

Whenever the trainee does not take the appropriate action, a warning will be given by the 
training program, with argumentation concerning the expected action. 

Interpretation of the signal 
• The trainee needs to have the same options available in the CFM simulator as on the 

real CFM monitor, concerning looking back into the recording and looking at the 
underlying EEG signal. 

• When events like artefacts and seizures occur, a pop-up will appear in the screen 
asking a multiple choice question concerning the pattern. The measurement will be 
paused in the mean time. 

• With a change of background pattern or the occurrence of sleep-wake cycles, 
questions may appear as well. 

• At the end of the signal questions will be asked concerning the background patterns 
and events in the signal. A relation to the possible state of the newborn will be asked 
as well. 

Feedback is very important, both positive and negative. An explanation should be included 
concerning the right answer. 

K.1.1 Included scenarios 

The scnenarios included into the training program are: 
• Cerebrally healthy 
• Aspyxia, SARNA T 1,2,3 
• Suspected seizures 

Included patterns within these scenarios: 
• 5 background patterns (C, DC, BSA, L V, FT) 
• Sleep-wake cycles 
• Different speeds of recovery after asphyxia, as well as deterioration 
• Seizures 

o On all different background patterns 
o Single, repetitive and status epilepticus 
o After medication with/without effect 

• Fasciculations 
• Influences of medication: phenobarbital, midazolam, lidocaine 
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• Artefacts 
o Muscle artefacts 
o Movement artefacts 
o HFO artefacts 
o High impedance artefacts 

K.1.2 Levels 1-4/5 for different target groups 
Levels 1-4 include CFM recordings of increasing difficulty, mainly based on the types of 
patterns. Moreover, the performance of the measurements does not need to be practiced for 
every trainee in every level. Based on the training needs of appendix J, a content for levels 1-4 
for the different target groups is given in table Kl. The residents have an extra level, level 5, 
since for them the difference between current and expected knowledge is the largest. 

Tabel Kl. Levels 0-415 for different target groups. 
Level Medical specialists Residents Nurses 

0 Theoretical knowledge Theoretical knowledge Theoretical knowledge 

l Cerebrally healthy Cerebrally healthy Cerebrally healthy 
newborns, with sleep- newborns, with sleep- newborns, with sleep-
wake cycles. Clear wake cycles. wake cycles. 
background patterns and Placement of electrodes Placement of electrodes 
seizures. Some artefacts and performance of and performance of 
Placement of electrodes measurements included. measurements included. 
and performance of 
measurements included 

2 Unclear background Clear background Clear background 
patterns, unclear seizures. patterns and seizures. patterns and seizures. 
More artefacts. Some artefacts. Some artefacts. 

Placement of electrodes 
and performance of 
measurements included. 

3 Status epilepticus, Unclear background Unclear background 
recovery patterns and patterns, unclear patterns, unclear 
artefacts seizures. More seizures. More 

artefacts. artefacts. 
Placement of electrodes 
and performance of 
measurements included. 

4 Everything mixed, Status epilepticus, Status epilepticus, 
signals included by own recovery patterns and recovery patterns and 
department, artefacts artefacts 
fasciculations. Placement of electrodes 

and performance of 
measurements incJuded. 

5 Everything mixed, 
signals included by own 
department, 
fasciculations. 
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K.2 Training Media Specifications 

In the training media specifications (TMS), general specifications,choice of software and 
some specifications concerning the database will be given. The extended requirements will be 
given in Appendix G6. 

General specifications 
• Program recognizes by the personnel ID earlier use and achievements in the CFM 

simulator. 
• An option to pause or save the training program should be given any time 
• The simulated monitor needs to have the same options as the real monitor 
• Every question will be divided into a category. Scores need to be sufficient for all 

categories before a trainee can move to the next level. Feedback will be given 
according to the score based on categories. 

• Many mistakes ~ refer to literature and the owner of the program 
• Possibilities of extending and changing the training program: 

o Extend database with more signals 
o Extend scenarios to premature and other scenarios 
o Which monitors or electrodes are available 
o When a medical specialist needs to make a decision about treatment of the 

newborn 
o Making the instructor interface not anonymous: give scores of individual 

trainees. 

Writing of signals 
• Signals will not be more than 48 hours, minimal 4 hours (exceptions allowed) 
• Signals will be written in 5 seconds per hour, 1 minute per screen (for each signal this 

is 1.20 to 16 minutes). For the NicOne monitor, the EEG signal will not be shown at 
this speed. 

• The writing speed can be moved up or down. The speed can also be put to "true 
speed". For the NicOne the EEG will only be shown at true speed. 

• The signal will automatically go to true speed when the trainee will look back into the 
signal or will go to the EEG signal. 

• To clearly show these speeds of the signal, an analogue clock will be shown, that will 
go at true speed (accelerated when the signal is shown accelerated). Moreover, to give 
the trainee a good perspective of time, the clock will turn black during night time. 

Choice of software: JAVA 
The choice of software is based on different aspects, see table K2. The choice is to use JAVA 
for the training program. JAVA is supported by most PC's, is a generally often used program 
that I have some personal experience with. It has a nice program to build user interfaces 
(JAVA Builder). 

70 



Table K2: Demands for software that will be used for the training program, and a 
comparison of three software languages. 
Demands software Phy ton JAVA C++ 
Supported by most - (Extra software +(Java Virtual + 
PC's needed) Machine) 
Relatively easy to learn + +(Personal -

experience) 
Easily + + +-
adapted/extended 
Calculation time +- + ++ 
Constructing interfaces + +(Java Builder) + (C++ builder) 
Intranet possibilities +- + (JVM or + 

javascript) 

Evaluation of knowledge and skills 
In the TNA the different tasks have been divided into knowledge and skills. These tasks need 
to be evaluated in the training program. This will be done as follows: 
Factual knowledge: 
- Evaluated with questions in theoretical knowledge 
Perceptual I motor skills 
- In combination with procedural skiJls: test indirectly through reactions of trainee. 
- In combination with cognitive skills: test using pop-up multiple choice questions. 
Procedural skills: 
- Trainee must perform procedures, evaluation based on this. 
Cognitive skills: 
- These tasks are perceptual I motor skills as well, and will be tested accordingly. 

Database 
There will be an extended database of signals, see table K3. The required storage for these 80 
signals, assuming a mean duration of 24 hours - corresponding to 44 MB - is 3.52 GB. 
Signals will be saved in EDF+ format. EDF+ is an efficient format to save large EEG files, 
and gives the opportunity to save annotations in these signals. The annotations will be used to 
mark the types of background, the types, length and place of events. This information will be 
used by the program as cues to give questions to and expect actions from the trainee. 

Table K3: Number of signals included in the database 
Category Type of CFM signal Number of signals 
1 Cerebrally healthy newborns, 8 signals 

with sleep-wake cycles. 
2 Clear background patterns and 10 without seizures 

seizures. Some artefacts. 10 with seizures 
(At least 3 for each background pattern) 

3 Unclear background patterns, 10 unclear background patterns 
unclear seizures. More artefacts. 10 unclear seizures 

4 Status epilepticus, recovery 10 status epilepticus 
patterns and artefacts 10 recovery patterns 

5 Everything mixed, signals 10 new signals 
included by own department, Others from categories 2-4 
fasciculations . Signals included from own department 
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Appendix L 

Team input 
As has been concluded in the pedagogical principles, it is important to include people from 
different disciplines in the development of the educational software. During the development 
of the CFM simulator regularly the advice of doctors and residents has been asked for. After 
concluding the training needs analysis, the training program design, and the training media 
specifications, a team has been formed including members of each target group and an 
educational scientist. This team received a presentation of the CFM simulator. They were 
asked for any comments they had on the program, new ideas to include and different opinions 
they might have. This appendix summarizes the ideas that have not already been included in 
the training program design and media specifications. 

Nurse practitioners 
In the training needs analysis three target groups have been described: medical specialists, 
residents, and nurses. However, there is a fourth group of medical personnel that have not 
been described yet, the nurse practitioner. The nurse practitioners have at first been grouped 
together with nurses. However, this group needs to have a higher level of knowledge and 
skills. Their expected level is equal to that of a resident. The current level of knowledge and 
skills is higher than residents. However, since it concerns a very small group, only two in the 
MMC, no new target group will be described. The nurse practitioners will be grouped 
together with the residents. 

Knowledge of nurses 
The expected level of knowledge for nurses is for theoretical knowledge of EEG and CFM 
lower than for residents and medical specialists. However nurses may be interested in 
receiving extra information concerning the origin of CFM and EEG signals. Therefore the 
option should be given to the nurses to receive this theoretical knowledge. In this case it is 
very important to make clear to the nurses that they will not be examined on these topics, and 
the opportunity must be given for the nurses to skip this topic within the CFM simulator. 

Authenticity 
As already has been described in the pedagogical principles, authenticity is a very important 
factor for the learning process. It has been mentioned by the team that it is very important to 
use images in the CFM simulator that are authentic to the devices used at the department. 

Technological explanations 
Some of the technological concepts regarding CFM are need to be explained clearly to the 
non-technical medical personnel. The examples mentioned in the team meeting concerned the 
explanation of the neutral and reference electrodes, and the explanation of the frequency filter 
in the processing of CFM. Especially concerning the frequencies some examples need to be 
use to explain what is happening in this process and why. 
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Personnel ID 
In the training program design it has been suggested that the trainee enters his/her personnel 
ID, so the program will be able to recognize to which target group the trainee belongs and 
whether or not he has already used the CFM simulator before. The team mentioned that there 
will be a possibility that colleagues will use other personnel IDs to train with the CFM 
simulator. They suggested that each member can make his own password to enter the CFM 
simulator. This will prevent the possibility of identity theft when training with the program. 

Clinical and subclinical seizures 
The training program so far only deals with seizures within the CFM signal. However, it is 
very important to know whether the seizures are only subclinical, i.e. only appear in the CFM 
signal, or are clinical as well. This has consequences for treatment of the newborn, and should 
therefore be included in the CFM simulator. 

Looking back in time in the CFM signal 
In the Olympic CFM6000 a problem has been recognized occurring whenever people look 
back into previous screens of the measured signal. The screen does not automatically return to 
its current position. Because of this the situation has occurred that medical personnel 
diagnosed the current status of a newborn based on a CFM signal that had been measured 
hours earlier. This is a very serious flaw that needs to be included into the training program. 
For all target groups at least one example of this will be included in both levels 1 and 2. 

Multiple-choice questions 
This item had already been scheduled, but has not yet been described explicitly. Multiple­
choice questions are given at the end of level 0. It is very important that trainees who have to 
repeat this level, will not be able to complete the level based on their memory of the questions 
and their answers in their first attempt. This means that a list of questions needs to be built, 
that will be used in the simulator in a randomized way. To be sure that different types of 
questions are used, the questions will be categorized. For level 1 through 4, a similar problem 
may occur when the same signals are repeated for the trainees. In this case a database of 
categorised signals should be built, that will be used randomized in each level. 
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Appendix M 

Automatic seizure detection 
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tal intensi':e can:' w1it (N !CTJ :• .:>1wirnnm.:-nt. Tl1is is mainly 
due to Ille time co1i:>tuning interpretation of th•: numerous 
s~1als. Th.:> complex natur.:> c•f the ~ii;!ll3ls make> interpretJ­
tic•n by ex]X·rts nec.:>ssaty. "O!C'ri:for.:>. EEG m;:,1surO:'lllC'lll> at 
tl1c· NICTJ are generJJly pl'l'fom1ed for the duration d about 
45-90 min. 

TI1e ci:ri:t-rnl fw1c1im monitor r:CF!\·I) ( 11 "r facilitat.:>:;. lc•ni;.?­
term 11wnitori11g c0f cerebral o:·lectrical activity at the N lCTJ 
02). lllo: CFM measi.ires only onechanneL biJXJ.rictal EEG. 
This EEG i> C•Jn•:e11ed into an amplitud.:--intc~·at.:-d EEC 
(aEEC:i. •,>,·hich slwv;s clinically· uscflll infonnatic.011 even 
when di;.playi:d at 6 cnlih. resulting in a clear oven·i'..'Yi­
oI SF."VE"J"J! hollrs on a moniwr. The amplitu•je d thi: si~1al 
sllow:;. the relJ.tiw power c·f c.::r.:>bral electrical actr:itr TI1.:· 
CFM is relativi:ly eJSy· to in;;tall Jnd to int.:>1pro:·t by doctors 

74 



l·:mme~· t1 <I. 

and nursing srnff with limited ex~-.::rtise. and U1er~fore suit­
able fc.r long-to:-nn monitoring ( 13). 

CFM is predominantly u~d to detect ENSs outside the 
period of U1e EEG 111•?3suremo:>nt ;md ouside offi•:e hours. 
Using CFM only generalized and focal parietal £.NSs will 
bo:> meaSl.11'<:,d. Hm•;e•:er. focal £.NSs often migrate or spread 
to 0U1er aro:>a> in U1e cc•nex \ 81 and then can be detected by 
CH.I. tl> J'(•po1tc·d in a study by Tc.et et al. ( 14). 

Still m11e difficulties in the intt-rpretmion of tho:> CFM 
recording r.:main , espoociaJJy conceming the dN€>:tion of 
ENSs. B.::...:al1Sie of hypersyncl1K•ni;;ati·Jn, i .. :. Uw simulta11e­
ous dischm~e of Jar11e groups of neurons, sr.izur~ cause a 
ri~ in U1e amplitudo:> of tho:· :iEEG signal •:6.13!. :\ simil:ir 
riw is known to be CtlllSi:Od by different tnJe;; of anda•:ts 
\ 15,16). Fu1thermore. it is often difficult to detect ENSs of 
;Jwrt duratiun ancL1or k1w amplitude\ Ji'JSi. 

llk obj•:..-1i':.:;o of thi> stu•jy w;is to dt'l-·eJc·p m1 alg·:•ritl1m 
;is a screening tool for U1e au\Conrntic dNo;:·tion of ENSs in 
aEf.G signal; of newt•oms. 1he algoritlun should be (l'ble 
to re:o1111ize a1tefocts that cru1 t1e mi~tJJ,:en fc.r l::.NSs. Tl1e 
pu11x·~: of U1e J.111oritlun is to a;sist d·xtors and nursr..; in U1e 
in~rpretalion of tllE' a E.EG signal ;ind as an al::mn fun•:tion 
on Ilk' CJ.=M monitor. This study describo:·> tl1e algoriU1111 and 
its e1-·J.1uation . 

METHODS 
SubFN"lS 

In this study 13 CFM rec•JJ'dings v..-ere im:luded of 13 new­
borns. Ten of U1(•se nev.·bom'> wel'I':· full tenn and JO of U1em 
•.n·re di:1.1111osed witl1 (lSph~?.:ia. The clini0; al details of these 
nw.:boms ;:ire given in Tuble Si. 

RPcordlni,;, 
R·:.:ording.s have been obtained using the CF/\16000 
(Olympio:: [\'ledic;iL Se;ittl.e, W:\, l'SA). Th..:·:;e digit;il CHI 
rc·c(•rdings•: c·ntain both U1e EEG :ind JEEG 5i1111al. For these 
mo:>asur.:·m·:nts nc-:>dh• elo:...:trodes were pl;iced parietal at 10-
cali•Jns P) and P4 J.•:rnrding tc• U1e international 10-20 .sys­
t•:m (13) . 

CFM measurements. were a pa11 of :.tand.ud clinical mon­
itorinl,! c·f st'\·er~'IY ill m:onat('S, the main indication t.:ing 
det.:·ctim of o:>pileplic >.:izure :ictivity. ·nic:refc.re, th.:, m.;.>di­
caJ ethics conuninee did not comider it neco:>ssaJ}' to '-'V3lu­
;ite this study. [\'leasurem·:·11ts hare l._,o:>n performed betwo:>en 
June 2003 Jnd Novo:>mt•er2004 at the M:iximJ. M.:·dical C•::'!l· 
tre Veldhoven, the Radlx'lld llniversity Nijmo_._.-:en Medio:'rd 
C.::-ntre, and at the Wilh.::·lmina Children's HiJspit;iJ l'trt-cht , 
the Netherlands ;ind one K<'nrding at tl1e H;immersrnilh 
Hospital in Lond@. l'K. Inclusion of th<" recordings was 
based on their va1iability in types eof background patterns 
( 19) 3lld pr.:.sence of ENSs, given for each reco1'ding in 
T;ible Si. 

ll1e pr.;>>en•: o:> of ENSs is.spo:>•:ified in eiU1c·r ro:rt:"titire ENSs 
or status epilepticus. i.e. Jn ENS tlrnt is. so prc•longed or 
fr.::~u.:·ntly repc·ato:>d as to crmte a fi.xed eor 1,1:;ti~ o:>pileptic 
condition (9). TI1t' dul'Jtion of U1e recording> \' aJ'i•:d from 9 
to 24 11 ,: tot3.I : 222 h) . Fi~lire I shows JOO min c•f J'{<'ording 

1irr._c. zrrm) 

Ril'lt I P.:ptiitr.-: Et'1'.:s b lf1 i£EG si;~·j of 100 nin, t-!l:o£1ngt·:·r:cordb~ 

1. Tre EN~:. ·:tl~mcwi:~d rmnl·r·ty1h! :•J6Jec i~1:re";e ofth: l:w!r boJnd•ri. 
~r= ndi:~•j t ·r· arrCll.':. 

I. conta.ininp rep.:•tili':e ENSs. characterizo:>d m.iinly by the 
sudd.:·n increase of U1C' lowe11 bc'llndary. 

Thr algoriOm1 
In U1is study only ENSs with a dumtion of at least 60 s.x: 
were included. ll1e minimum dul'J.ti•Jll .:1f ENSs i5 genera))~· 
d.:·fined to be S or 10 sec (I). Hov.r.:-,' C' l', dlle to th-:· com­
pre~ed mture of the aEEG si~t.lls . tho:>>e ENSs may not bt:· 
1-eco1111iz.able. Moro:>over. E.NSs of sholt duration maybo:> dif­
fio:ult to difforentiate from t•ursts . ·n1e i;i col ·A th.:· a.lgoritlun 
is tu be a scrt-ming tool for the deteo:tion of ENSs, to help 
nec•1rntolc·gists in dr.'lectin!!. non-clinical seizur.:;; that might 
t1ave damaging eff.xts c•n U1e t·rain. ·me ref c•re v;o:> arbitrarily 
de:idt-d to start ,,,,..itll only inc llldin~ ENSs wiU1 a durati•Jn 
of at least 60 s.x:. 

The ;ilgoritlun h;i.:; been 'kTitten in U'le 1113themalical pro­
gram f\.L.l..Tl-'\B•ti !The Math\Vorks .. l\IJ.;S6~1lusetts. l'M). 

Before det.xting ENSs. (lJ1efacts were detect<:·d and re­
jected in a way similar to art1.•fa.:t dt-teo:tion of th(• CF!\lt·OOO 
monitor. In U1e mmitor amplifiN satumti•:.n and high 
impedJnce are markC'd ;is a11o:>foct. Dlu·ing, m1lplifier :.atu­
ration the a EEG si1111al l'l?Jclws it.> ma.ximum amplitude. In 
the algoriU1m these pans of tl1e sii;:Jl..11 w.:rc· clas:;ifio:>d ;is. a11e­
fact as wt-IJ. The sig11:i.l is J.l>o cla»ified a; artefact when 
the impedance exceeds 20 ki-::. lil•e in the mc:onitor. Sine.: 
an impedanco:> t·enea.th S tn is prefom·d ( 13 :•. C'l1f algoritlun 
marked the JEEG signal con·.:-spondin~ to impedatli..'c·s be­
tween 5 and 20 k~·l . 

1l1e ENS detc·ction w;is ba;ed on the main chJ.rJCteri5tic 
change in the aE[G signal due to ENSs; a 5lldden increase 
of U1e lower boundaJ}' of the signal (Fig. I).:\ i.:: ....... t-r b0lmd-
3t}' was d.::-fined eveJ}' 10 sec of the signal as the 10th poor­
c.:ntile of the samples, see Figllre 2.i.. . Tiw reference bound­
m}·, i.e. tl1e l•J\\'t:·r boundot}' o:of U1;: background pr11t.::·m , was 
ca\culatC'd for o:>ach segment of JO six. It was defined as a 
weighH:·d ir,·ernge of the lo'.'.·er bounda1ies ov<.'r 111.:• last 6 min. 
ENS> and Jrtdw:ts that occurred dlu-ing the last 6 min were 
not indudt-d in the calculation of th•: refere11ce bollnd.11y 
Fi~"ure 2B gives an e<ample of thi5 1-.:·fenmce bc•und.:iry. 

Subse::iui;:·mly, a suddt-n ri.se c·f Uw lc•wer bow1da1}' of 
the al::.EG signal was classifit-d as a pattern of intere5t. ll1e 
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al~C<t"itlun dN.:..:1o:oj a patto::·m of int('n:-s1 wh.;-n('n•r the Jm>,cer 
1:-ound.u·y c1f lh(' ,lE EG si~1J.I WJ.S tit lea;t rm .;-mpiricc11ly de­
l<:·rmin('d lhrl'shold 1: EDT.1 hi~1.:·r thtin Uw r.:·k·rl'no: bound­
ary for a period of at 1.:-ast 60 9'~c. \\..'hi:-n<.•vo::-r ,111 a11efac1 
w.:i~ detecti:-d durin~ this increase, U1e ptirts of U1e pJ.tlern 
•:of inter·::.t not classifio;-d tis an.:·fo·~l n1."°ded w havo:: J. total 
dw'J.tion of at kw>l 60 sec. OU1en•>i>e. tho: i1K·rctbC wc'Uld b.: 
con:;idom;d 35 ai1efact T11e EDT rnlue h~ b~n dct.;:·nnined 
using a trainilJG set oA five CH.·! rcc•Jrdings •:r-xc·rdings ·with 
ID.-\-[) amtotalo::·d t·y ti n.:nrn~'hysiolc•gist 

R'ttternsof int.;.'rest in th-: training 5l'l wo::re cJused br(·itl1cr 
ENSs or mu>clo:· activity_ Mu;;cle Jctivity i;; .::J13rno:terizC'd in 
the EEG sigml by its hi~1 frl'qumt fh.11:tuati 0ns. o;•Jntaining 
fli::•:iuencies readtin:;: up to over 100 Hz (9)_ C.c-r('brnl elr.o:­
u-io:al a·~tivity only .:ontains frc1:iu.:-ncies of up to J.O Hz O :1. 
.'\ceordin!,'!I~; a pJn•:-m o:•f interest containing in the EEG &i~­
nal a high percmt~-.e of fr·:o;iuenc:v· po•,J,'l'r ab0ve 30 Hz was 
cla;;sifi.:d JS muscle anefo·~t. All eother patv;:·rns of intere;;t 
v.-o:·r.:- clas;;ifi.:d as ENSs. 

lorrm:n ~t al. 

faralu•llion ot Ille. , l!!Ol'ilhm 
In this study it was intended to t'\'Jluate U1e at•ility· of the 
algorithm to dN.;.:1 ENS;; in CF!'vl rC'cordings_. not the ability 
of CFM ro::cor•jiJ~ le· detect E.NS;; ·~ompore.j w stJ.ndard 
EEG. Therclorc evaluation was btised on the CFl'vt rocc•rd­
ilJG, conrninin~ both I-channel EEG anj aE.EG si~aJs_ 

1\•;o rn:urnpl"1·sic·lc•~::i>. c0b9:'t'\'o:rl 3J1d c0b:;en·e12. visu­
ally examine•j th•: CFM rc~c·rding; for Ute presr.-nc(' of ENSs 
,_,;iU1 a minimum dnrntion of 60 ;;0:-:. The examination;; were 
pe1fonned ind·::-pendenUy with no prelimi11J.1y comult.:ition 
bel',.,'een Ute o:·t·:.e1vers. They W('rl' not av.'are of tho:: diag­
nosis of th°" newbo1m. Clear ENSs were annottited ao:ord­
i~y a; well 35 p;i!lems where the ob5'•P:er doubted if UK·y 
wc·re ENSs. AnnotJ.tirnn "·"::ro:· oos.:•d mainly on the ('•ne­
channel EEG :;igi1al displtiy•:d at 2.5 cnv:.C'C and U1e aEEG 
JJ1d imp;:.j;ince :;igi1J1;;. dis~·LJ.y-ed .:it 6 cmih. Thero:: were 1rn 
options fm· ~aling or frequen.:.y· m1aJysi5. 

From th;: two::; n•:urnphysic•lo:;:isls _. ob$cn·en mmotat0::d the 
full lengU1 of Ute lt:•;c.rdi.ng:s .u1°j obs-:r:•::-12 U1e first 6 h of 
rod1 of tho: r•:.x0rdings. The recordin~s w.:r.: divid.ed into a 
trnining si:-t and r.n• test sr.-ts i:Tablo:• SH : 

• Tmining set: recor0ji1~ :\-E. <tJUlGtato:'Cl by c0t.;;e1ver1. 
• Te>t o.N I: ro:·cordin~ 1-8. JJmotated L'}· ob:r.n·en. 
• Te;;t set 2: the first 6 h c.f re..:ording_s 1-8, rumc·tated toy 

ob).errer2. 

11tl' d~ree of tigro::ement for thO::-"l' sets bNwl'en the de­
tcctii::ons ..:•f the obs.:·rvers and Uw algc·ritlmt '.•;ere fotutd toy 
o:"omparin~ timefrarnes of 10 sec. 11te tr;iining :;;;:·twas us.::-d 
to train the olgoritlun and S.:>l its EDT value. H~'))oU1o?tictiUy 
U1is:;et would therefore have Ute hii,:!11.:st a~eement '.'iitl1 the 
detections of the algorithm. The CFM recordi1~ in the test 
wts wer•: differem from U10sc in U1e trnining s.:·t. Test sN I 
wa;; an not at.:d by U1e smne vb~1..,·er as the 1raini1JG set. Tl'st 
s.::-t 2 •.ms J.nnotatcd by an indcpo::ndent obsen·o::-r. obsen·e1'2. 
This set had the lea5l corr•::lation with the training set. and 
•,>.-wld tlwrefore hypoU1etically haH the lowe;t agre.;.'ment 
wiU1 U1e d•l'lections of tho: tilgorithm. 

S1arisl1C'.al an•ll~·~is. 
Thl' internbsel\'l'I' a1no;xment was determilwd bJ.ood on no.. 
table ENS a•:tivity i:NEA,1 for .;:·ao:l1 c.f the first 6 h of U1e 13 
ro:~c·rdings. W<.' used an arbitrary Um::-sltold for NF.'\ of at 
least three ENSs o:•r an ENS of at 1.:-ast 3 min in I 11 r•xord­
ing i:21i . SubS('QuC'ntlywe u>ed the G C•Jefficient •:22:• fonh•::­
•:Jlculation C.'f interob:r.n·er agrl'cm.:nt. Titc G cc:dfid<.'nt di­
vides the variance of U1o:: d,Ha into d iff,::rent comp•J1ient:> rl'­
latl'd to U1.;:·ir sow·c.;:•_ In our ca.;e the different obse1v.:-rs. tlie 
diffor"l'nt patii:nts wr C'FM recordi1~) an•j for eoch patient 
U1e time within the recordil"Jg. 111e G coeffici<'nl is Ulen c.:i.1-
•:nlatc-d as th•: O::'l.Wnd to which U1e obsr.-1'\·o:-r:: influence the 
totJ1 rnriJ.no:e_ Tltevalu•: •Jf the G co°"fficient is t11er.:fore t•e­
l'.rec·n 0 and I_. w11.:·r•:: I) will be ctilo:ulated who:·n all the vJri­
ance t.:rn·een tli.: data is rel3ted to the vmfaHce betv.·een the 
obrem::r;;, Jlld I • ..,-11':11 th°" VJJianu: is not at all rel;tt('d to 
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the variJ.no:e betw~n the c•t>se1ver:s. i.e. there is no variance 
t•etween the ob~rver5. 

To:. evalt1a.te U1e a lgoriU1111 U1e sensitivity and false positives 
li'er hour (FPhl for each reco18i.I1:; •)f eacl1 of the thr-x sets 
hlwe bren calculated. Ho"''"':er. se1l::itivity and FPh do not 
take into a•:cow1t tl1e variability· of ENS le1~1 and amowlt 
of ENS:;. t-:,t'A' <Xl1 U1e CFrvl r.;xc·rdings. Therefore the rernrd­
ingsh3\."C ooen divided into;egments c·f 1 mi.IL ellch clas;.ified 
as ENS cor non-ENS for each of the oh.:;eJ\'ers and the ali;!c•­
rithm. 11li; Wa$ used to •:alculate an intraclass ..:orrelati•Jl1 
coeffici('Jlt (!CC) (2:>2-1) to •:ompare tho:> diff.:'rent S<.'"ts. The 
ICC L1ses compon""nts of variaJl(x to cJ.J·:ulllte the ._-onela­
tion between plliJ-s of c•b 5e1vations. i .('. U1e relill bility of th"°.se 
ot»en:atic•ns.. TI1e ICC was calculated separn.teJy· for wcl1 of 
the >els e<plllined above. compared to tl1e ali;i01iU1rn. 

RESUIJS 
lnt<"robs.t' n--e1· agreement 
lWo n~rophysiologis.ts. ob>erverl and ot>3erve12, i.I1depen­
dently (tl1al~cz.:d the CFM rocmdings. \Ve determined an in­
t""robse1ver agreement based c•n NE:\ for·~ai.:h of the fir;,t 6 
11 of U1e 13 r•:cordings. Re>ult:s are shown in Table S2. 

A full i.I1tr.·rnbse1v""r agreement of NE.'\ was foLmd in nine 
d U1e 13 recordings. ,\high G ccefficient of 0.82 has L'een 
found as ove1-:.1ll intembse1ver agreement. 

All i.Iw:·rnbse1ver dis.agr"'"""ments ,,.,·.:·re t•J.so:>d •Jn a higher 
amount af ENSs detect""d by bbS(-f\.'erl compared to ob­
ser.·er2. These djsagr"'"""mmts ,...,.ere mostly ca1L::ed by patt.:rns. 
in U1e EEG signals. of hi~h frequency and som.;.> rhythmic 
character. E5peciJ.lly in reco1uings 4 and 8 th~ patterns 
caused a large fluctuation in tht" lower boundmie> of U1e 
aEEG signals (figs 3B and C) . 

Eralu :rl'ion oi nw algr>~ihm 
The alg01ithm is ev;tluat.::d •.i..-ith 1he U1ree sets desc1ibed in 
th,z, niethods. 111e r.:~ults are summarized in Table S3 A, S 
rrnd C. respectively. 

The values of ICC for rnmp;iri.sm •,•;iU1 each of these S€'1.s 
are ~ven in Table S4. 

E:·~a!uation wit.'.· tht" trai.1:i1:g .s.: .. : i1~~·b!l" .SJ,4J 
Sino:- the Jli;!orithm has b•.--en 11-:iil1.z·d c·n U1is set tho:- ICC 
v;duc· WJ.S. V•:ry hi~h. 0. 99. For reco1\iing:> A, C and E thert> 
was almost full agreement heCY;c·en ol'se1..-erl anoj the Jl­
go:orithm. with sensitivitic·s .:if 99-100°:,~ and FPh 0-0.42. 
R·xording C sl1.:JY.;ed a neon.ual :;tatt1> <:pilcpticus. of fre­
qut>ntly rer-=ating ENSs tl1•'t y,·.:re all L'ut one df."teo:ted by 
th'.:" al~oritlun. Recording D, :i reco18ing witl1 a relatively 1.:•w 
inli:·rot-ser.·er .:igre.:·ment , had U1e lowest sen;itivity. but still 
81°\.. Reco1ui~ B showed no ENSs. Howen:r tl1is tl:'•:ord­
ing contained many musd.: a11dacts. M c.,.t of U1e;e J.J'tdn•:ts. 
were detected as such by tho: al~c·rithm, bL1t 3 mean of 1 FPh 
remained. 

Er.v.1luat:"or.' r~ 1 ;:.t.; tc~.t srt 1 1Tal'i'e s::n.• 
TI1is set i:·f different CFM 1-ec•Jrding:> had still a hii;!h ICC 
vJ.JuC' of 0.95. In recordi.I1g I. a r.:...:c·rding i:·f 1211 U1at showed 
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cait;ins s:izues where ttie i:IT•fli~Jd: ·:I tht ~EEG si3~rJI irnrr~di)t'El'r ri;~s 
t·:· it: mIDimLm ·•3lue. i.~. ~~lifoa S3M~:n. The al3orill'lm das!iti~d ·ll'lE<e 
pJtt~r:is ~· m1ebcts. 
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no ENS. only one pattem was fol;('Jy detected as ENS by 
the ali;!orithm. Of the renKliningseven recordint!S. four had a 
9'."mitivity of 93-100$\:., including one r('cordini;? that showo:-:1 
a status epil.;-pticus. Tl1(' FPh was in four rocordings at hiih· 
est 0. 58 and ffi.'o;-rnll at highest 1.89. 

Three ff.:.ording> had a low semitivity. Reco1>ji11g5 4 and 
8 had Joo· interobserver agrl'ements as well. TI1e5e rc.:ord· 
ings shc·wed la11J:e fluctuatic•J1S in the lower boundarie; of 
the a EEG si,;!!tals, as sl1own in Fi~res ):\ and B. For U1e 
algoritlun Uk."Sl' Jar~ fluctuations cau;;;..j, depending c•n th.;­
durations and •1mplitudes. either fol:sr:· posiH:es. or a rise in 
the referenre boundary. Rises in the refo1>:-nce boundary may 
cause follO'...,.ing ENSs to remain undet(.:t.:.j. Recording 6 
showed five ENSs with in the aEEG sii;?nal cul immediato:> 
rioo in amplitude to the maximLdll \'a Jue as shown in Fii;?L1re 
3C. This SC•··~alled amplifier sallu·atieon CJ.used these patterns 
to be detocted as artefact;; b~- U1e aJsorithm. 

TI1is data set. contJ.ining diJfol':nt CPM r('cordini;?S Uum Uw 
training set and annotated by an independ"-'lll obst'1ver, was 
the IE-ast J'E-IJ.ted to the trainini;? set. The ICC value of U1e 
ENS detections of th.: algoritl1m compared to this Si:>t "n1s. 
as .:xp.;.:ted. the lcw;e&t value but wa5 still goQ•l 0.85. 111.:· 
Sr:t only included U1e first 6 h of ~>J.cl1 of U1e r<:·cordin~ . 

TI1E- rec•)l'di~ witl1 a full internb;erveragret>ment of N [:\ 
had semitivitie; vf 90 to JOO$:o. TI1i; wa::> comparaNe w the 
values fct1.md for t.:·:.t S(.>\ 1 in Table besides f·:ir re:-c•rding 
6. In r.:...·ording 6 tho;- ENSs that were fol>ely dt>t.:ct.-:•d by 
the 3Jgol'itlun as am.facts. wer.-:· not within tlk." fil'st 6 h of 
the 1'(.;:eording. so W('re not includo;-d in test set 2. ll1o:refo1'e, 
the sensitio:ity was in ihis case 1000.0. The values fol' FPh 
w.;-1-e in all but on.:· reco1,jing .:.:iuo.I or slightly hi~wr than 
in Tal:ole S3B. but neo,:er excc·E-dini;: 1.33. For U1t' re•:ordings 
wiU1 lc·w intel'obsen:.:-r 3greements. in J"ecor·lin~ 4 obs.:rv.:·r2. 
did not annotJte an~· ENS and in recording 8 only one, 
v..-hid1 •,1,·3;. not dNected by the a~c~·itlun. ·me amount of 
FPh for the:;.:; two recordings wets JS high as 4. c,1u;.ed by 
the lari;!(' fluctuCttions in the lower bcw1dari.;.>;: of the a£EG 
signoJ:s:. 

DISCUSSION 
In Ute pres.:m Mud~·, an :ilgoritlun for automatic scr<.;:n.ing 
of ENSs in neo11J.tal CFC\·! recopjin~sis ~·ropo!<i:·d. Tik pur­
pose of the algorit11m is to:• a.;.;ist dro:tors and nul's.::·; in the 
inte1pretation of th(' a[[G signal and as •tn alarm fu1-....""1i•Jn 
Qll U1t> CFM monitor.:\ pa11 c.·f the al~oritlun dN.:-cto;-d' .11te­
facts. in order tu distingu.i:.11 them from ENSs. £NSs were 
dett>cted bJsed on th.:ir cha1~1ct.:-ri;.tic pJttem in tht> aEEG 
si~mol. i.•:. an in•:l'easr: .:•f the lov;-:-r L'oundary. Musde ac­
tivit:f. tlw.t may cau>(' a ;.imilJJ' l'i:.e in tho:- lc">.W bounda1y 
of the a[EG ;.i~1a.L was dilforentiated Imm ENSs t·:~· u5illg 
the high fl'equ•:.:nc:r content of its pait('m in tM EEG si~1al. 
Otho;-r a11efacts were det.:-ct•:d by using tho:- amplitude of U10:· 
aEEG sig11aJ and tht' magnitudo:- c·f U1e impedance. 

l\>;o n.: ... 11"c•physiolc~st;:. oJ:osenwl (11ld c·l:>~l'n·e1'.2. c1na­
lyz:ed 13 CFM rec•Jl'dings for training and .:-valuation of u1 .. 
al~oritlun . Fc.•I' nine of tl1e 1 :> reco1ding;; there WCtS a full in· 
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terobsen;er agr.:-ement of NE:\ for each hour. An c-.·e1'3.ll in­
terobse1ver agreement of G coefficient 0.82 was fow1d. Five 
CFM r('cordings annc•tated by obse1...-erl wew used to train 
the algoritlun, the so-called training S<"t. Eisht rocordings 
were used for fu11her evaluation of the ~orithm , te;t set 1 
and te->t 5€-t 2 annotated by ob.s('r:erl and an independent 
second obs;:-rver. ob5.;-n.·e12, resp€'1:.'tirely. 

For ti~ 1~ordings with full imereobser:er aireemt>nt of 
NE1\ the evaluation of U1is Jutomatic Sr:iZul'e detectirn1 al­
gorithm showo:-d very high s;:-.n;.itivities and low FPh for nwst 
CFM re 0:c•rdings. All but one s.howe•:I a ,;msitivity of 9(11(• 

or h i~er whm com)Xl.1'00 with either of the obse1vers. TI1e 
1~ordil1g •1,cith a lo\\• sensitivity contained ENSs where the 
amplitude of the aEEG ,0;i~al imm.;-diat.;-ly ms;:- to U1e max­
imum valu('. The algorithm tho;-rc·fore cl;tS&iGed the;c pat­
ten1S falsely as a1tefac-ts. TI1e amount of FPh was only for 
ty;o of the IO rocordil1gs hi~1er U1a.11 I. but never more 
U1an 1.33. 

Of the four recordin~ v;ith a lower interobsen:er agree­
ment. two l1ad sensiti\.'itl~ bell»,>; so~~ and FPh hi~:hNU1a.11 1 
when compared to the aruwtatiom of observer!. lh:>>e two 
ro:-cc•rdi11gs, boU1 from the ko:;t set. ;.h•'l',>;ed larg(' fhK1uations 
in the 10.,..·er boundari•:> of U1e a EEG signals. Tl1is caused 
U1e mis>o:>d ENSs and fol~ detection;: of the algoriUm1. Ob­
serv•:r2 only det"'-"ied Ct and 1 ENS i.11 tiles.: •~c·rdings . In 
a So:-c.::ond f('\"il";-,- c·f tl1e5l' two recordings. tit.:! obwn:;:·rs ad­
vi.s('d that darifkation al:oout the presence of ENSs should 
be givm by stJndard EEG measurements.. 

·me ICC vahi;;:,;; fc.r th.: diff<:rt>11l sets were high and de­
creru;ed for seB that were less rel(lted to the trainin~ set. 
Tl1is relationship wa:; expected and indicates the r<:·liability 
of the evaluation method. 

Automatic ENS detection 1m:·tlwd:;; ba.>('d on sta.11dard 
EEG recordings hJre b<:.;:n dl'Scrib('d ('Jrli('(", bJsed on min­
imum ENS dw·ations of 10 ;.ec. Liu <:t al. (25) descrit-:d an 
automati·: ENS deto:-ctic·n based m1 the repetitiV(' clrnracto;-r 
of s.:1zure induced EEG sii;!Jlal>. He feound a sensitio,:i\y of 
.54% and a spel'ifi·:ity ,Jf 98'-'(>. :\11(•tllt'I' impo11JJll study (•f 
Gobm111 et al. (26"1 was more comp1>:-hensi•;.:·. and •tlsc· in­
cludo:"'<I detection of spikes that may not t>e rh}lhmic . His 
tl1vrnugh l"';alualic•n resulted in a semitivity uf 69°:0 and 2J 
fa.ls.::- po:.itin-s p.;-r hour .:21:1. More l'ecent a~orithms were. 
bJ.>ed on time-f.requenq (2.3) or wavo:-let analy:>i5 (29!. that 
d.:tect the r('petitr:o: 5tructuR"S J:oy their chara•: teristic o:volu· 
lion of fr·:-:iuenc~· in time. TI1;:;e a~c01itlum wet"::- not t":,11. 
uJt(•j. 1\n aliol'itlun baY:.d on s~11dm:iniLltion lik.:·lilwod, 
d<:kctl'd statistic-al i.nterdependencie.; between E[G ch~m­
nel>. :\ :.ensitivity of 65.!i-'i) and a spocifkity C"•f $9,.Sl\' w.:l'e 
fct1.md in its t".'Jluatim •JO:•. FinJlly Nava.lcatil:yan ro:-=(·ntly 
publis.hed an intero:,;tini;! •dgorithm cc~nparin~ inwr:als, 
amplitud.:-> ,1nd sh•1pe> of co11S(•cutin-wav·:·;; to detect £.NS>. 
The ;:valu.:ttion slrnwed a sensitivity of 83-93% 'Aith 2.0 false 
positives pN hour ()1 ). 

EEG is tlle g..:•lden standa1>j for the det.:•ction of ENSs. 
Ho•1;ev.:-r, for long-term monitorilli;! and ENS dl'tection out­
sidt> c·IIicc· houn when EEG m;ty not be avaiJ;1t·lo:•, CFM is 
a usdul tcor•I. .\utc0matic ENS dE-tection in [EG sipi1~1.l> is 
O::Alrenwly complex due to the· variJtion in mc~·phology and 
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fr~quency recw~n r.md wiU1in ENS pan.:-rns Titis makes al­
:;:oriU1ms for their automatic detectic·n compll'X and >till in 
need of valid~1tion by medical spocialists. CFrvl prc~e~se-s Ute 
EEG signal into a relatin::l.y e;1:;y to interprc·t ;t£EG ;;ig1w.1. In 
the;;e signals ENS P•1tterns hJV•J similar mo1")>hGlc•{!ies: U1e 
ri~ c.f the lower b01.111d•1l'Y of the aEEG :.i!!J1.1l. Remarkable 
is. the rtlatr:.:-ly straig-lltfc.P,.,·•trd dc·t;;..'1.ion c•f the>l' patterns, 
includini;: m1efa~~t rejecti(~1. resulted in ltigll s.;-nsitivities in 
combination wiU1 low fol;e positives per hour for ENSs of 
at lt>ast 60 sec . 

Some remarks n.xd to be made l\(•re. Fir>t. aJU1ough high 
semili':iti<:•s and low foL:oe pc.sitins per hour were rwd1ed, 
the detectieons of the a.Jporithm are still in nt>ed of valida­
tion by clinicians. ie. the final defr.io:..n about U1.: presence 
of s.:·izure activity still needs tc· be made t•y the clini6ans. 
The ~ond renK1lli concern> the limited amoullt of chan­
nels measured in CFM. Due to:, thi> typ;:: of mearurement 
som;:: fc..~al ENS~ can be mis>ed. HoweHr. CFM me..isure­
menl.5 are not intended to to: a 5ubstitute for standa1d EEG. 
The sta.ndaJd EEC m.:asurc·ment> for detaik>d r;:~tratirn1s 
and a more extemr.": spatial examinati•Jn of U1e brain func­
tion are crntplemented by U1e CFM m0asurements that fa­
cilitate Iong-te1m monitorin~. Titi..rd. v:e :1.1bitra1ily· chose 
to include only ENSs of •ll least 60 sc·c in this >tu•jy·. due 
to the cc•rnpr•::-.»l'd nature •Jf U1e a.EEG :.i~nal and the aim to 
u9'! U1c cil~c·rithm .1s a screo:-ning tMI. Futul"e re:;ea.rcl1 will 
aim tc• d~rl'a>l' this mininllfl1t durati•Jn of ino:lud<-d ENSs. 
Fin..:Ulr :;ome fllil' or miss.o-d episode> occur in re•:ordings 
with ext1"l'mely l1igh flu•:tuatic·ns in the ll".H'r bc ... 1ndrui.:-s 1Jf 
the aE[G sipnals Jnd ENSs that cause inune·jiat~ amplifier 
satuJ'ation. 

Clinical relevance of ;1utomati·: ENS detection is rel<1tc·d to 
the que>tion if st>izur(·.> cause damage to the brain of the new­
born. The ne-,>,;bom brain is more susceptible to seizures, but 
<11:>0 l\\•)re re>istant to brain injury. Furtherntore. neuroloo.;:­
ical S('(juo?IJ.e following neonat<tl seizurl'5 are mainly du.;;- to 
the aetiologie> of U1esl' ~izures 1}2:1. HC•Wt'\"o?r. dui.' to U1eir 
ene1~·-consumi.ng mecl1anisms. wizures ma}' elfoct activity­
dependent changes in U1e de\."elopnH·ntal proces;;es c·f the 
brain •:33:•. Both Sdv.-r (.5.) :ind Bi::·n-,'\Ji 0:34:• indii:-ate th.at 
prolo1~d or fn·quent 9'.'iZl111:'s do h;we a long-t(·rm eff.:-ct 
on the newbom brain. mainly due to the interlc-ren·:e •,>.:ith 
its dl"o·elopmt>nl. 

111is study introduced \In algoriU11n for the screeninl! of 
neonmal ENS:; in aEEG signa.JswiU1 rJU1er good lt:~ults. Tht> 
algorithm facilitate> U1e interpretatim of aEf.G s~tals in 
clink-al practice and can!:-=- us.t-d as an Jl:irm function on U1e 
CFM monitor. Howl'\·o:-r. S•Jlne points c·f improvement could 
increase the rcliaDilit~· Gf the al~orithm in terni.;; of sensitiv­
ity :ind FPh. First. ENSs with an extremely hig:h an1):•Litl1dl' 
(Fig. 3C) need to be dete..'1.ed a> true ENS">. Sei:-ond, a func­
tion should t-e includE'd to 1~c·~1ize ro:-cordin~ with a Jar~ 
nllcluation in the IOVlt'r bound:11y of the aEEG signal. which 
rt>duces the reliability of the ENS dl'tection. In U1is C".1SP. hu­
man validatim1 is nocessary and po>sibly U1t> measL1J(•Jllent 
of a standard EEG. 111ird, in U1t> trainin~ c·f the Ctlgoritl1m 
as ~:c·ll as in U1e e\."a.Ju:itio:..n. more recordings should be in­
clL1dc-d . Tite:><: r.:~ordings should be annotated by mon:? than 

one n.:-i1ropliy-siolc0{!ist since Ute algoriUmt rL>plicate.s U1e de­
tections of U1e:><: neurophy.;iologists. Be>ides the>e points of 
improvenwnt. al;o ENSs wiU1 a durntion le55 U1:in 60 s.:;.: 
should be included. Titese are new goals for our future re­
:;r.:arch. 

CONCLUSIONS 
An automatic detc·ction Jl~o.riU1m for neonatal seizun·s in 
a E.EG sign:ils was develo~-.:·d and evaJuato:-d in thi;; ,siudy. In 
the evaluation l'Jthergood rc•;ults Y:ere found for re•:c•rdings 
wiU1 cleJ.r ENSs. Tite algorithm developed, facilitat.:·> Ule 
inte1")>r.:-tation c•f aEEG :.ignals in clinical iprn•:1ice and may 
t-e mr.d as an a.Jann function on U1e CF!\1 moniteor. 
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l.:ited for the ENS dete..::ti•)ns of th<:' .:ilgorithm c.c·mpa.r.:·d to 
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Supplementary material 

TABLE Sl. Clinical details of the patients and their CFM recordings that were used in this study. The 
aEEG background patterns are categorized as continuous normal voltage (CNV), discontinuous 
normal voltage (DNV) or burst suppression (BS) [ 19]. The ENSs are categorized as either repetitive 
ENSs (RS) or status epilepticus (SE). 

ID GA BW Apgar pH SARNAT diagnosis aEEG age Background ENS 
(weeks) (kg) 5' [20] (days) pattern 

aEEG [19] 
A 41 3.04 8 6.98 III asphyxia 0 DNV RS 
B 34 2.45 7 - - - 2 BS -

c 38 4.58 2 6.88 II asphyxia 1 BS SE 
D 40 3.50 10 - - hypoglycem 3 DNV/BS RS 

ia 
E 39 4.22 8 6.82 II asphyxia 1 BS RS 
1 40 2.48 6 7.14 II asphyxia 2 CNV -
2 38 2.43 8 - II asphyxia 2 DNV RS 
3 41 4.06 1 6.7 III asphyxia 1 BS SE 
4 33 2.23 4 6.73 II asphyxia 2 BS/DNV RS 
5 40 3.59 8 - - Fam. 3 CNV RS 

benigne 
seizures 

6 42 3.90 5 - II asphyxia 3 CNV/DNV RS 
7 40 3.70 5 6.94 II asphyxia 2 DNV RS 
8 40 3.20 5 6.88 III asphyxia 3 DNV/BS RS 

TABLE S2. Notable ENS activity (NEA) in the first 6 hours of the 13 recordings according to 
observerl and observer2, and their disagreement. For NEA we used an arbitrary threshold of at least 3 
seizures or a seizure of at least 3 minutes per hour. 

ID NEA NEA Dis-
Obs I Obs2 agreement 

A 6 5 I 
B 0 0 0 
c 6 6 0 
D 3 I 2 
E 4 4 0 
I 0 0 0 
2 3 3 0 
3 5 5 0 
4 3 0 3 
5 I I 0 
6 I I 0 
7 0 0 0 
8 I 0 I 
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TABLE S3. Comparison of the ENS annotations by one of the observers with the ENS detections of 
the algorithm, given in number of ENSs (nr) and amount of ENS minutes (min). Sensitivity and false 
positives per hour (FPh) were calculated from the number of ENSs. A) The training set compared to 
the algorithm. B) Test set l compared to the algorithm, containing the full recordings l through 8, 
annotated by observerl. C) Test set 2 compared to the algorithm, containing only the first 6 hours of 
each recordings, annotated by observer2. 

A 
Total ENSs found by: 
length Observerl Algorithm sensitivity FPh 

ID (min) (nr) (min) (nr) (min) (%) 
A 827 40 258 45 269 100 0.36 
B 720 0 0 12 47 l.00 
c 880 161 446 172 463 99 0.82 
D 695 13 58 15 65 81 0.42 
E 1080 2 117 2 117 100 0 

B 
Total ENSs found by: 
length Observer I Algorithm sensitivity FP/h 

ID (min) (nr) (min) (nr) (min) (%) 
1 720 0 0 1 2 0.08 
2 1320 14 60 39 112 93 1.18 
3 540 45 151 47 160 98 0.33 
4 1078 38 89 56 128 57 1.89 
5 709 5 18 12 36 100 0.58 
6 1260 8 28 5 22 25 0.14 
7 720 1 3 3 8 100 0.17 
8 1397 6 15 31 104 17 1.49 

c 
Total ENSs found by: 
length Observer2 Algorithm sensitivity FP/h 

ID (min) (nr) (min) (nr) (min) (%) 

1 360 0 0 1 2 0. 17 
2 356 10 47 14 52 90 0.83 
3 360 31 108 34 119 100 0.50 
4 356 0 0 22 54 4.00 
5 358 4 14 10 36 100 1.33 
6 351 2 9 5 13 100 0.50 
7 360 1 4 2 7 100 0.17 
8 346 1 2 6 13 0 1.00 

TABLE S4. The intraclass correlation coefficient (ICC) calculated for the ENS detections of the 
algorithm compared to the training set and the two test sets. Test set 1 was annotated by the same 

h · l · h st set 2 by an independent neurophysiologist. neurop. tys10 og1st as t e trammg set, te 

Algorithm compared to: ICC 
Training set 0.99 
Test set 1 0.95 
Test set 2 0.85 
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Appendix N 

Automatic analyses EEG of 
prematures 

This appendix concerns the automatic analyses of EEG of prematures, for the description of 
maturation of the brain. This project is part of the PhD program of drs. Hendrik Niemarkt, and 
is the master's thesis of MSc Loes Ruijs, who did the project under my supervision. The 
appendix gives chapter l and parts of chapters 4 and 6 as a summary of this project. 
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Chapter 1 Introduction 

In the f\letherl;:inds. 7-S % cof all b;:ib~s ;:ire bo:orn prem<lture. i.9. b•:.m before 37 ·,v;eki:. <:•f 
gest.1fon [5 :6). Due t•:o prematurity'. theS9 inf,:rnts moy ho.ve un.;terd9v9lc·i:oe<:l o.nd 
malfun•:.ti•:oning c·p~;:ins. As o conr;equeno;. they ;:ire ot higher risk for diwrc~rs •:of vitol 
functic.ns. 

·with follow-Up .;of premoture l>:om info.nm intco i:.d"lc•ol ao;ie and adole:;ceno::;, it has be•:>:ome 
opparent thm ;)J).;out 40 % c•f tl~se inbnt:. ;:ire iaxl1ibitin9 neurobehaviorol probl9ms [7 :.~.] . 

The!>Q ~Nbl9ms O)fls~t am•:•ng other things. c•f n10;.oor.:ite •X•gnitr•e impoirmirnt. ott;ntic•n 
d9fi·~itc .:in•j bel1ovi•:.ral distLtrlx.11Ke::.. Remarkable is t11m marry C•f the premoture inf.:intt, who:· 
hove brnin o:tyctunction. do nc•t :;how d;tect.1ble brain lt>cio:•ns [7:8). T11is mokes e;:irty 
r•Kogniti•:on •)f tlH! neurobehcrvk•ral pr-.:•blems mo:ore diffi·~ult. 

Th-e ex;:ic:t etio:•l•:o!;rf •:•f the neurnbehcr.·ioral problem:; c•f prematuf9 infant:;; h;:is not bt>en 
dalif~d yet. P•:.ssibly, the pr•)blemi:. am c.:iuse•j by the exJ>x.ure of the immmure oovek·pin·;i 
broin t•:> n.;o<iN•s bctor<. lh;.1t n·:•rm;:illy· d·:i n•:.t reo•:h 11,; t;,t;.11 br<lin in uterco. Mciny dinio;;:il 
fo.~teors (e.g. .:i.pn9.:i.. brady•::..1rdio. o.n•j nutriti·:•nal d9fid9nci9s:1 o:; weJli as i:.t19i;,:;ful 
enviro:onment:ll conditkon::. •:indudin9 m9°jk-.1I c:..ire inter;:ictionc. •X•nstant nc•ise, cind bright li9h(1 
moy a•::t in combin.:i.tion to imr.0°::t m 111Q devel.:•pi~ brain [9:10). Tl1e premo.tura br;:iin i:; 
pr0:olx1l:oty m.;.re succeptibla ~=· the:;e b:to:•ri:. tlla.n tlie t•roin of o full-term infant. bec.:iu~ critic.:11 
r,t;ps in humon tor.:i.in devekopment talG i:.too::e in 111'B third trime::.ter o)f ge::.totim. i.e. 28 till 42 
weekr. c•f 9ei:.tation [ 10: 1 I). 

::.in,:e tl1e p;:ithogeneci:; of 11-.g n<:urcobehavi0:.rol ~·mblems •:Of premo.tul'} inf.:i.nts is ctil! 
undHr mc•rn receord1 re•;iordin°;1 this to:•pi·: is neo:-ec.r..:iry. Firi:.t of oll. it is imp0:011ant to l1Jo.·e o. 
ooc•::riptim c•f brain O;velopment •:•f tile cer;bral t~al11iy premature infant. Thi& d~·~ipti•)n 
c.:ln be used a:; .:i. referen°:e fo:•r determinatim O:•f pi.lthc•l•:ogio::.:il condition:; tho.t h;:iva an ;id,·~:;e 
in~U9fl(~ •:Oil brain OOVik•pment ;:ind for ::.tudyillg effactr.·ene{,S O:•f po::;:;ible thero.p;utic 
inti rve nti c•n.:tl s trote gi9 ~'· 

In •X•ntinuatim c·f thic i:.tudy the f.:o•:us will be o:•n bmin maturation o:·f oerebro.I healthy 
premoture inf.lilts. Next, o. methc·d fc·r the descripti•:on c•f brain mmur.:tti•:•n ;:ind its dro.wlu·:~ 
or9 ooscrit•ed. Fmm 11~se. the ciim of this study will k•ll•:r.v. 

1.1 Changes in the electroencephalogram reflect brain maturation 
Electroenc:;phakography is reo;i;:irded oi:. the gold r.tand;.1rd in the ;.1ssessment c•f 

oerebrnl functk•n and is me •:Of tho; m•X;t PC'.\lerful t.; .. ;.li:. for µedi•:ting neurc·ku;ii·~I C•Ut•:>:•me in 
preterm .:ind term infonts [12:13). 

Changes in ti~ e~•:"lro:.enc.gph3J0:0·;11~m \EEG) r~f~·:t funo:tion.:il brain devek·~·ment 
fri:.m (:feterm tc• term O•;F- [ 14-1 E-l Typical EEG pattems d1onge <ic .:i. fun•::tk•n c·f ·~st.1tio:onol 
;:ige 1GA'.1. i:-:•i:.tmenstrual oge (F'MA. GA ptu:; the time ela~I from birtll in weekc [17)'.I ond 
the infant's st.lte •:Of wo.kefulne::;.::; [ 18). ~ ::;totes O:•f wak=fuln.e::;c .:i.re cateo;i•:•rted in phases •:•f 
steer-· cin•j o.w.J.k.e. The difference bet.veen GA arK1 PMA is m.:i·~. l:o9c-.:iuse it is o::;cumed thot 
brciin maturatimwithin 11~ wcomb pm0;11e::;.::;es diffe1ent from outside the w•:omb [18). 

Charoo:te1ictics O:•f EEG pottorns at different o•;ies ,:;on be cfoe~::ribed in tem1s uf: 
c.:0ntinuity'. ornplitl.109 and frequency. interhemisr-heli•:: synchrony. ond pres9n~ .:•f spec~ic 
maturotic•nal ~unems ;:ind tr.:insients [ 1:.:19:20). The p1-.:!~ra:;sive devek·pment •:of o:ontinuit>j O:•f 
;:i1::1ivity· pro.·ides the moi:.t imm;.:ti.:it'3 visu<llly strikin;i ocpect O:•f the EEG reflectino;i trnin 
matu ro.tic•ll. 
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Ce•ntinuitv C•f EEG ;:ii:tivit'( 
F•:or the prem;.lture infant t.vo di::;tin•:t bo.ckgrc•und r-ctt;rn::; ari' r~=ognized that t•:ogetl1er 

form the compoMnt::; of ci:•ntinuity. ::;;;, Fi9 1. A backgr•:•un•:I patt;rn ~fers t•:• the 
d1;:iract3rization of EEG activity in tem1::; of c.tobility •:•r ftuctuoti•)n •:of am~·litude ond the 
V<.1ri;:itic•n in ti~ withNlt taking a11ifact::. an:I choroct;ri::.tic patterns into ao::i:•unt. Th; t.v<• 
b;:ir.ko;iround pamrn::; feor thA. pren1;.111.1r; a.1e : 

C:•ntinU•)US: char.:icteli:e•:I by mectium-hi9h vc0lt.1g; ::.lo:l.v waves. Fig 1.A. 
Di::;o)ntinuo:ou::;: burc.ts 0:0nc.titut9<:t by hi!~h vc•lto99 ::.low WJY9S. ::;; porot9<:1 by lci.v 
amplitude w::wes. the in~rbur::.t interv::ll::. (IBI ;•, ::.e; Fig 1.8. 

The •::>:ontinuous patte1n burnt. and IBI are th9 thr&e C>:•mpo:•nentt; <•f continuity. Hel')::efo11h. 
''events i:·f o:•ntinuity' ic. uc.w to:• Mver tllil bur::.t::;, IBI ond !he o:intinui:•US po~rn t•:099ther. 

A 
u: - :;.;t 
('..,;. - -\I I 

U .i - y: 

" ' - '>it 
:-- - h 

r · - 0 1 
,is , - r t 
Tl - ;:I~ 

B 

.,.. _ ... ~. 

Gontinu:..1s IBI 

F';t.·Y~ !: EC.'; ~~Oi..iTli.1'pgt~ "e .,.~. P'~i!'t•~ infast. iq.<A ;;.V. ..,,,. ..... A} C\ll~~h:fC\.1$ ~~n~: a _,I 
DlS001~·.,).l"'\•i ,l~~:e<n . • ·a.· - in:~!.~ ••-:te•iisi. !'"} 

An overall .-end c.een in i::>:•ntinuity· c0f the EEG boi:kgrc•und pottern •:•f preterm infonts 
till t:>rm oge is,, grodu.:11 ci1.:1n~;ie frcm o d~o:intinuou::; pattern to a o:intinuc0u::. po~rn [3 :4:12-
15:21). Feor thA. inf;:int yi:0unger than JO weeks PIM. m0:0::,t 1e 0::.;.rdings will •:>:•n::.i::.t C•f only 
i:ti::.oontinL1ou::. EEG. As an indic:itk•n. the per•:ent39e C•f dir.continu•:.us ac.tt.'ity ~c.1;o::;et. fro:om 
obc0ut 64% at 27-2B week::. to .:ipproximo~lf 45 % ot 31-32 weeks and is n.:• lmg;r pre~nt in 
ony· sot; 3ft3r 46 weeks PMA [~]. On the olher hond. EEG e>:•ntinuity in•::reo~s in 
per•:=entage of reci:ording tim; with ino::re.:1::.ing PMA. The 1:;honges in continuity c.:•mprise 
incre.:i::.ing duratk•n c•f burc.t. o i:P.creo:;e i:•f bur::.t amplitude. 1edudng le ngd1z. i:•f IBls. ond 
incr-e.:1::.e c·f IBI am~·litude to:• the opr.-eoronce C•f c.:ontinuo:0u:; p:itt'i'fns [3:4: 12-1:.:2 1 ). 

1.2 Difficulties EEG assessment 
Even though thera ic o 0:0nsen::.u::; o:·f !he trend of di:vel•:ol=f11e nt •:Of continuity. n•:o o::leor 

definitim c.t ·:livelc0pment •:·f c>:•ntinuity- •:·f thi9 0.-1-ebral healthy prenrntur.e brain is st;:it;d yet. 
P•:.tentiot parorne~r::; M::.0::1ibing n1aturoti•:on are: ti~ per•:entages. mininium on:I meo.n 
durofon. and number$ •:Of e;:ii:h event 0:.f o:•ntinuity· [1:4:12:23-26). ~•tudi9s u::.ing the:;e 
poram;!Prs sho:,,v the ::.ame trend in ch;Jn!;ies •:of 1:•:0ntinuity. l:out !he volue::; vary t:>et.veen 
different ::.11.Jdies. For example. t.v•:. stl~jies [12:23) •:lit:ilrmined m;.1Ximum IBI lengths for 
infonts 0: 1f 29-:30 we-ek::; PMA. This r;:;ulted in 12 s fo:or c•ne ::.tudf [23) ;:ind 30 ::; fo:.r tlie c•ther 
SIUdy (12). 

Fai::t•:-1r; influencin91he voriotio:•n in p..1r;:imetHv.:1lue::; de~.•:ribing •:li.:tn•;i;::. in o:>ntinuity 
c.i:on::.ist i:0f: the different GA::. •:.f prern.:1t1.1re:; indud~:I in o study 9ro:oup. •:•l"<:.i:.ure definitions c•f 
~nibral healthy infont::;. u::.e 1:1f diffe1ent definiti•:•ns f•:or events. an:! vic.uo.I ~.co:•ring of the 
ob::.ervers. (,t;:irting witl1 the difference in GA. ::.om... studiec cfassified inl;.'\nts try· PMA 
irrelevonto:•f1he GA [12). Duet•:. d1is. o o;ir•:•up •:•f inf.lntswith a PM.A. of 32weekso::on rnnz.isto:of 
infants with o GA c•f 27 we.skswho are 5 weeks •:Old and infants witl1 a GA C•f 31 wee~s who 
;:ire 1 week •:•Id. Ho:··.vever. these infont. h.:r.·e passe-:1 thr•:iLrgh different ~·e1i•:•:ls •:•f e:xtr;:i uterin; 
life. whi·::h is believed t•j influenc.e broin moturatii:•n [18). t~ci:·n:t. th9 ci:·nditi·:on cof the infant 
was ncot well defirl9d in ::.ever;:il ~-tu:li;::.. Oftl'IQ&G $tudi~::, it w;.1:; ni:ot d~r if the infant:; indude<I 
were ~rebral 11ealtl'Ty an:t :'.;or u::.e•:t n1Gdio::ati•:on. A& o rul;, mly EEG regic..-atimc ore made if 
it is .exp;c1;d that d19 infant will shc1.v ;:it0norm;:il beh::r.·ior. A:; a rnn~queno;, for tl1G 
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ci;s.:;riptio:•n O:•f maturation of tho; ·~rebral lw.:ilthy infant M EEG::; of ·~rabral healthy infonts 
we19 J•'ail.:it•le an:l the EEGs l)f the •:eretf;.ll l~;.1lthiest infant:; we.re u~:l inste .. 1d (16]. 
H•:;.wever. ce1~br.:ll '1saltl1iest does n•:•t in:tic~1to; tl1.:it tl1e infants were indeed ce1~bral lwaltliy·. 
Mc0re-:· ·~r. m;lny c•f these infants use m'3di•:.Dtion that m;,1y •'lS wGll ;:ittec.t the EEG. For 
exomple. C•f m•:i1phine it is known that it inc~a5ss di&:=ontinuity' (27]. Third. gr;at v .. 1ria1i•:•ns .;.f 
oofinitims i'R 1-e use0j for burst IBI. ond 1he o:•ntinuc0us pattems in forn'ler studi;s. Differen:;es 
in definitims o:·n~.isted. ;:im.;.ng other things. of o:onsiderot•li V\l.ffing amplitude •::ri~1ic1ns thot 
even were t'.N<'llapping f.;.r the different events of co:0ntinuity' (4: 12; 1 B:23-2~.:2l:!.]. t·.for;.:.vel'. 
som9 stL1dies did no:•t differentio~ betl\'<'en the i::ontinuous pottern ond bursts [24:2S]. Finolty'. 
traditionolly' EEG so:=c•1ing has be<'n performed by visual inspe•:tk•n i:•f r;.::ords. This pr•:u:edure 
r~uires ;J11 exp<'rt neurc0physi0:ol 0:9ist and is toecou~.g c·f that subject tc• intero:•l:Ge1ver 
voriability'. Mor~:·ver. it is tim..<onwmin9 ond expensive. 

1.3 Goal and outline 
An un;:unbi9tK•US descrii:oti•:on of t 0r;,1in moturatio:•n C•f the c:erebrol healthy premature 

infant i::; nece::;:;;:i1y to se1ve ;:i:; o raferenoo> for det<'rminotio:•n of c;:it~s •:of neur•)behaviorol 
prc•bl<'ms off9cting 40 % .;.f the r.rem;:iture lx•m inf.:rntr;. However. dL•<' t·:• differeno;s in 
research O:•nditims of former stu•jies ;Jnd disogreement on thre~l1olds wi1hin visu.:il 
ins~ie·:tio:•n. a dear oororiptic•n •:of brain matur;.1fon of the c:er<'br.:tl healthy prematur; infant 
d•:oes nc•t exist ye-t. 

T·J ov9rcome 11"» differences in ages and •::ondifons of thG inf;:int:; indudGd in a $tlldy·. 
~trict crit:rio. of inf.:lnts particip.1.ting must t.e feormulot9d. Fur11l9 m1or9. con$iSt!nt dQfinitim:; o:•f 
tha events of c•:•ntinuity· h;:r..·g, tc• be formulated an:t EEG ;:iz;:;e~;$ment ha:; to tiec•:orne 1%:: 
subjective . A s.:•lutim f•:or the~ k1st menti•:onad requiremen1r. o:ould be the u~ of o. o:impu1Br­
b.:isad rooth(uj for EEG assessment. A computer-b.:is9d me11Kuj will idGntify tl'le avGnt:; of 
o:ontinuity based on ;.1bs.:olute volu% a.oo is therefora Mt depell:l;nt of subje•:t;..·; 
in!Brpn~t:lti•:ms of hum;.TI obse1vers. The use O:•f .:1bs0h.1te value:; fi:oroe[. th; physici;:in to 
formulate .;msist!nt definiti•:ons C•f tlw events .;of ci:•ntinuity . Be:;i•:las. o. benefit o:•f o o:omputer­
bosed m<'thod f.:or anaty;:in9 EEG i:; that it will b9 timesavin~ for the physi0::i;:m. 

The1~fore. th; .:iim of 11'li:; p1i:-ject w;:i:; to develi:•p ;:in OLltom.:itic d;ia•::ti•:•n metheod of 
tha eventr; of continuity' for the description of tl1s development eof ci:•ntinuity •)f oerebr.)J heol11ly' 
prem;:iture infants. Fo:•r 1119 des•:ripti•:on C•f d;vel0:opment vf •X•ntinuity'. bursts. IBI~;. ;J11d the 
o:•n1inuous potterns l1od t(• t.e deteo::ted fr•:im tlw EEG first. L."lter on. the porameters i:hangin·;i 
wi1l1 c>:ontinuity· re late•:t to:• the events •:·f o:•ntinuity'. e.g. numt•ers. paroonto~:;. olld 19ng111s. 
•::-Jn oo d;~rmi~·:t b;.1sed on tile de~ct;d event:; of the •::e1~bral he.:ilthy prem;.iture inf.:rnt. 

F•:or this ~·u1po:·~. infontr; inclu1j;.j in tl19 study' wer<' born befc•1-e thirty" W<'eks of 
ger;tatic0n. Due t(• this •X·nditicorr. it w;:is restricted 1l1ot the infants included had a large 
diff9renoo> in GA. Basid<'s that. e;.1ch infont l1od t•) m;et st1io:t raquirements ragording •::erebrol 
heal111. E.1ch infant was meosurad w~kly' fri:im the first week after bi1th. ObtJin9d data vari.sd 
fr(•m 29 weeks PMA up tc• ·~4 week.$ PMA.. Tl19 d9veloped ;.1lo;ic•1ithm deteo::t;.:t burst. IBI ond 
o:•n1inuc0us p.:ltterns c•f the EEG bosed on ccrnmon cho.ra.c.teristio:s c•f tho; 1119se event:;: 
amplitude •:if tl1a EEG ::;i9nol. tin"IEI of durati•:on ;Jnd omN1nt i:·f ch;:innel:; in whii:·h o.c:ti.·ity W;J$ 
d9tectt>•j o.t tl1e s .. m~ time. Fi:or troinino~ on•j validoti•:•n of 11~ algorithm, deteo::tions •:of th; 
o.l9c0ri1l1m wer9· compared with ann•:•tations c•ft,v 0: 0 clinie;:il neL11·ophysi•:oku~ists. 

This M;:ister 111Elsis first r.rnvi::i;;s b.:io:k91-.:•und info:01mo1io:•n oti.;.i1t EEG r.ignals and 
rec•,ri:!ing 1/tlopter 2:•. fo:ollc1,\•9d by a oosc1iptim C•f phy$i•)k•gical m.:itur-..1ti•)n •)f th<' broin ond 
•::h0rlge$ in EEG i:.ho.r.:ti:teristk:; fmm pr;tem1 up t•) t;rm •'l·~a 1;.::hoptgr :?.). Nsxt c:haF-t<'r 
dG:;o:.1ibes the devGk•pmant of th9 aJ9,rithm b;:i$ed eon literature ;.Tid ann•:ot.1ti•:on& c•f th; two 
ciini·~al neur0:ipl'l'y'~i(llc•gists. P.9$Ults c·f 11'le evaluati•)n C•f 1119 olgc•rithm oe sho:,,vn in ch..1~·~r S. 
Finolly. this 1epc0rt will 1:9 ended with a di::;•:ussk•n of obt;:iined results .:ina used meth•:od:; , 
ra·~eomm9njati·:ons forfurtl-.;r r;seord1. md o o:•n•:lusic•n. 

87 



Examples of discontinuous and continuous EEG signals. 

burst 

~_ .. -~ <­
' ~. ~ ....... j 

. , : 
.... : ... ....,.. - ~"'.'.t'.i! _.-., 

1-.•• 

turst 

._,,__..---· - . ~- .- - ---. ~ 

----~- -( ·,:'{ 
~-~ ------- - -~.~-- "' .. ·- ·· .- ,,. -- -- - ---- ·...-, 
' - - - - - ---.--- .,__ -----~ ~- - .>--/· ~ .. 

- - --o_..-- --~ __ • ..,,... ...... _ ... ~ 

,;: 
- ~ .. :~l.) .. 

-., , A .,.__ 

; ._ --~:- -::'- ::---. _. __ . · \ .. -- .,_ .. .. .. -_ ,..... ..... - -..__,....._ .,,-···J - -.-.....-_ . _, . ._._ ,,,...· 1.1 • .f ~ I 

'11 ...... _ '•!... ...... :· j ... t '- .. - · -· -~----- ---.1·· ... ._. __ .,_ . -~. -.. .. -·-: i ·· ~J~:, ..... ~·" · 
. -. 1· ·.r·· · .... .____..__,.-._ .:._-__ ... .. . ,. .. -· ····-·- - - ~·-- · .,- ~ --.... - · .. ~ .. 1 

~ .... . - ..... ; .. __ .... .. .. ----..__ --- - - --- --.. - --- ~.- ~~_ ....... J ·,\f_ ~:-
,___.. ~ - · ·- - ,.._.,..-- - -- --·~- -- - ---~ . ' .-... . .I 

_,- - -- - ---..._ --- - --·------ ... - 11,,. - -- ..._.. , .. - - ~ ---
-. ___ __ _ --_ _.. .. -.- -- - .- ~-· ... __ _ 

. .,..,·- ·---------

f T 
l l l I r- 1 -· 

..... '·· .' 'O 

F.; ~wt' 2$: C:..·A.~l/.le .:t ! 2S 1."'t'o·s.....~ifl!,C\tS r:-g..,-,,;'}~ .. ,, ;.:t.tlf<n tOr.$."O!.•~ l"'f t\:•tS: and fS1' ~·~rts. 
T ne f?V~.f't.0 de<~ ... ·~l'"·l f'f !il~ ai~l~i~ Wi'~ $.,$.SetS'i-M SS c:J«t'i.'"1 c,.· ~!'i'@ ~is. 

Continuous p.:i.ne rn 

··~ ..... '~ .,..,.. \J ..... . - ' ., 
.-.. :. .. 

.. . ' --~·-·. --- .. 
.... , · . 

.,, __ ...... 

- --~- . ,, ..... -

•..:·•·---

I -

F0o)oIE' ::4: cxs.1~;;.'~ d 1;: S d I! ror:tt'•'\J•vS ;N!ltii'r!~ d~~di<J· lhe slgcn(i:-,1~. 1t•,fJ'.; li ~·s,; ~X8'1J.'7<'d BS 

('QT~~· ~he"'-~""*' 

88 



From chapter 4, an overview of the detection of bursts and continuous patterns (figure 14) and 
interburst interval (IBI) detection (figure 15). 
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From chapter 6, some comments concerning the training and the evaluation of the algorithm, and a 
final conclusion. 

For training of the aJg•:.rithm ;:inni:•tations .;.f t.\to inoopE"noont obS1arvirs w .. 1:e LIS.Gd. 
Th9 ovHvi'?w .;.f ~, onnot:ltic•n::. mad9 by 1l1G i:tbser.·.,r::, showe.::l t•) be ::.imilar. H.;;,\teVir. when 
viewin•;;i the annototi•:ins in ck>t.1il the ;.19roerm:nt o)f th9 C•bser.·.,rs was smoll. The anMtati•:ins 
of bur~.t ;m:1 IBI r%ult?d in a fair ag1-.. .. ment. Th; annotation::. C•f the c.ontinuoL1::. patt::ms had o. 
sli•;;iht ogreement. It was mt ex~·e•:P.ct 1l1at 1l1G ogreem;nt .:•f th; otGH•'ef'$ wos sc• ::.mall. 
Although th9 onnc1t.1fons wHe u::.e·:l to tli9 tr.:Un the olo;ic•rillim. fi:or the futuro it is 
rl!c.ommen:kld that ~·:ime f.:i•:::tor::. influ;ndng th; WJi 1h9 onno:•totions werg mad9 by th; 
c·bservers or; avi:•ided. 

Resultr; C•f evoluo.tion i:·f the algeorithm irdi•:<:tted that bc·th obser.·e11> did 0.91-..; .:1n 
;:r,·;rage willi m.:.re thon 80% of oll •:let;•:1ions. Feir the ck>te•:tii:•n O:•f IBI. the lr\Qo.n PPV for t;.:.th 
c•bfP.n1;.>r:;; war. even ~··O. Mean $N$ va.lu;s were olso ol:o:•VG ef) %. sx~pt ft:.r 1611 oot;c.1ion 
oi:>:ordirg to C•f:.serverl -,,4;0 h"d a rn;on ~,N$ c•f 75%. Hi9he::.t m;an t>NS vo.lue wos xorad 
for tha •::»ntinuc•us pa~rn. both •:•b::.i1vers hod a mean SNS obove 94 ~·o. O..:ero.11. o~rvirl 
s•:ored high9r PPV::. ond SNS vo.lues than ·:.OC...r.·er2. W' ithin the valLies c•f PPV ond 8NS for 
eod1 c·f 1lie events ;;,f continuity n•:• trerds r-..lo.ting t•:. oge """re visible. The high mean values 
c·f PPV ond $N$ om pr-:•misin9 for thi usability of !119 alg·:.rithm to deteo:t t•ursts. IBls. ond 
o:•ntinuN1s ~atterns •)f 1l1G o;rebr.:il 1-...olthy premature infant t;.:irn t.;f.:i1:e .30 weeks GA willi ;:i 
PfvlA of 29-34 W'i'e~;s. Hc•wiver. be•::..1u~ o:irre•=t c•n- ond offset was n•;,t t.;ken int.;. a•:J:O:•unt 
willi llie ev.:i.luati•:in of 1l1G olg.;.rithm thG dete•:ted ev;nts c.onn•:•t be u:;;ed directly t•:i ck>:;crib9 
develt:opment •:if eo:•ntinuity. Be 0:a.u:;E1. f.;.r the ·~saipti•:on •:.f devel·:oprn;nt C•f C•:intinuity the tim9 
pe1-.::entage:;. numt.;rs o.rd ~ngths C•f evenls ara import..;nt. Mc-re 1~:;..ar.~h regarding events 
detec1;.;t visually by C•t•servirs o.nd detec~d by 11~ alg•:•rithm is n;.;,e::.:;;.yy befi:ore it is surg 
that 1119 o.lgc•rithm detectr> events C•f •:i:orr;i:.t time sp(ln. Reci:irnmendotion::. for fllrther r'1:;.earc.h 
r~o.rding 11~ onn·:•t:Uk•ns oo::i dete•::tic•n of ev..r1t:> of ci:•ntinuity· or.; furtl"ler wc•1ked CtUt in th; 
next tNo po.ro!;rropl1s. 

6.4 Conclusion 
The aim of lliis project wost•:. clevel·:op an auti:on1;:1tic detectk•n rngtlit:•d •:•f th; event:; o:of 

•::i:•n1inuity to •:les•:ribe lli; devel·:i~·ment of c•:•ntinuity •:Of ·~rebmt h;althy premotura inf.:int. An 
olg·:irillim wo~. develo:•pecl for premoture inf.:lnt::. b•:.rn b9fe>re thirty week::. of •;19statii:·n with 
postrnenstruol O.•;ig::. >:•f 29 up t•:o 34 weeks. Detec1ii:•n p;:1ramete1-::. dir.tinguishing the event of 
o:.ntinuity fto:•m e..'iCl1 •:Otli9r ei:in::.isted •:.f omplitude. time ::.pon. ;.10d number (•f •:hannels 
i11vc0t.-e.:I. M·:•re•:•ver. each de~·:.ted event was ch;c.ked ot the numt.;r of electrc•di::. im.·ot.oed 
wi1l111ie event. Evoluo.tic•n of 11~ develi:·ped olg.;.rillim re:;L1lted in high volue:; f•:>r the s.in::.iti•t'ity' 
oo:I ~·ositi.•e predio::tive v;:ilue fi:•r bolli •:.bse1v9rs wl1•:. checked tha detec-1i•:.n •:•f thQ ol•;r•:.1ithm. 
H.;;,\•eve1~ bef•:.r; th" ol0;ict1ithm con bG u:;;;d ~:o follow •:levelo:•pment of cc•ntinuity of the 
premotur; infant more reseoro:h has t•:i be ·:levote•::!l to it. Viith evo.lu;:iti•:.n •:if tha. ol!;rorithm no 
•x1rre0:.t on- •:•r offt.-et of th; evinls was t:lk;n int•:o oco:•unt. 1l1;r;f.;.rn it is ncot kn°:;,\tn if exoi::t 
len!;rllis c·f evenls orG d9tac.Pd. Disw::.::.i·:in of tl1g FalseNeg;.1tives .:1nd f;:il:;.eP.;,siti.-as of th9 
ill9°:iri1l1m ~-hc•-.\ted oh-..;:icly tlut IBI ar'i not diP.•~t::d il::. o wh•:·~. Fu1ther. the definifon c•f the 
ei:intinuous bad;9rc0und pa.ttern needs m.:.re o~nti0:in ~=· ~.pei::ity llie difference tiet.\·een troc~ 
o.11;mant ond tra•:-4 continu. FN th9 ci..tectic•n of bur::.tt. it is re 0:,i:0mmerrJ;d that mc;,·en-...nt­
ortifact det.;c.1ii:•n will be im1;lame11ted in the ol!;!C•rithm to avo:•id 111ot movement-artibcts are 
detecl;d as bursts. Fur1hermN9, o.nnot.1tk1n:; of nK•1-e d;iljren •:•f ex:;:i•::t th9 same gestationol 
;:ige and onnc•tati•;,m; of mo1°9' obc.e1ver::. u::.in9 tl1; S;.1m;.> onno:-toti(•n pr·:i~:i·:•:.I arg neoess;ll)" to 
mak<l 1l1G al!~orithm mora rc·bu::.t f.;.r thg t:l9\lilcti•:in .;.f 11"KI events c•f o:intinuity. 
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