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1.) Aim of this study  
Recent studies were able to show that epileptic seizures with simultaneous loss of 

consciousness affect large parts of cortical and subcortical networks. This has consequences 

for people suffering from epilepsy. However, it is not possible to objectively measure 

consciousness in some kind of bedside test. This study’s aim is to develop a test that can 

measure and classify loss of consciousness using electroencephalography (EEG) close to the 

patient. 

In previous projects in Frankfurt within the same scientific research group, sleep was used as 

a model for loss of consciousness to identify spatial and temporal neural correlates via 

functional magnetic resonance imaging (fMRI). In this follow-up study, the investigation group 

tries to use these findings to determine neural signals of consciousness reduction using EEG 

alone. Afterwards, we want to develop and use a quantitative EEG analysis as a clinical test 

for the reduction of consciousness. 

2.) Preliminary work 

2.1 Epilepsy and reduced consciousness 

Epilepsy has a high prevalence and can sometimes go ahead with severe health restrictions in 

everyday life. These limitations also have socio-economic consequences that should not be 

underestimated (Newton & Garcia, 2012). Impairment of consciousness plays a major role in 

this. Especially in idiopathically generalized epilepsy (IGE) in children and adolescents as well 

as temporal lobe epilepsy (TLE) in adults, there is a decrease in consciousness (Blumenfeld, 

2011). This has a strong impact on the lives of patients and covers all areas of everyday life, 

such as work, social interactions and driving vehicles. The International League against 

Epilepsy (ILAE) already proposed a change of the guidelines in the classification of epilepsy in 

2014 in response to the increasing relevance of the topic and last implemented them directly 

in the guidelines (Blumenfeld & Meador, 2014; Fisher et al., 2017). Over the past years, 

pathophysiological issues of awareness loss have been studied and associated activity 

patterns of cortical and subcortical regions have been identified. 

2.2 This study’s relevance 

The cognitive limits of patients with epilepsy may differ in quality and strength, but also in 

appearance. Thus, several research groups have already shown that a reduction in 

consciousness can also occur interictal (Aarts, Binnie, Smit, & Wilkins, 1984; Berman et al., 

2010; Binnie, 2003; Blumenfeld, 2012; H Laufs & Duncan, 2007; Helmut Laufs, 2012; Helmut 

Laufs, Lengler, Hamandi, Kleinschmidt, & Krakow, 2006; Pressler, Robinson, Wilson, & Binnie, 

2005). The development of an objective test procedure, which could also be used in outpatient 

care, could be able to show cognitive impairment even interictal and therefore help to 

optimize the handling of the disease. Potential side effects due to drug treatment could be 

better evaluated and interpreted as part of a risk-benefit assessment. Furthermore, the 

planned test procedure could prevent focusing too much on a healthy EEG signal or the 
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number of epileptic seizures as a treatment target (Besag, 1995; Binnie, 2003). Accordingly, 

we would be able to improve the quality of life in epilepsy patients and possibly prevent 

further progression of the disease’s consequences (Bertram, 2007). Better assessment of 

driving ability would also be of relevance. Psychometric scales have already been proposed in 

the measurement of ictal consciousness, but these are based on retrospective self-assessment 

or the assessment of a third person (Nani & Cavanna, 2014). Unfortunately, these indirect 

measurements cannot guarantee unrestricted objectivity and reproducibility. The planned 

test procedure based on the physiological measurements of the EEG could solve this problem. 

3.) Hypotheses 
The aim of this study is the development of an objective and reproducible clinical test, which 

can quantify and classify consciousness based on EEG data. First, we want to develop an EEG-

based application for measuring impaired consciousness in wakefulness and sleep. This 

application should be developed based on the aforementioned previous fMRI-based study (E. 

Tagliazucchi et al., 2013). Our first hypothesis is that temporal integrity decreases from 

wakefulness to light sleep, as being a marker of consciousness and attention. This already has 

been shown in the previous studies using fMRI (E. Tagliazucchi et al., 2013; Enzo Tagliazucchi 

et al., 2013; Enzo Tagliazucchi, Crossley, Bullmore, & Laufs, 2016; Enzo Tagliazucchi & Laufs, 

2014). Processing a microstate analysis of the EEG data, we could display sequences in 

topographic maps and measure temporal integrity using appropriate parameters (Brodbeck 

et al., 2012; Kuhn et al., 2015). 

Furthermore, the planned EEG data sample will be compared to already given fMRI analysis 

data by source analysis. In this context it is hypothesized that EEG-modularity and temporal 

integrity will be higher comparing EEG data on wakefulness to the data during sleep. 

As an additional goal it is planned to apply the developed analysis / the findings from the 

aforementioned hypothesis (wakeful vs. sleep) on epilepsy patients as well as on non-sufferers 

(epilepsy vs. non-epilepsy). The microstate sequences, potentially showing an impaired 

temporal integrity – could be used as a marker for impaired consciousness in pathological 

circumstances. It is hypothesized that the temporal integrity of the microstate sequence will 

be decreased in patients with epilepsy and impairment of consciousness. 

In a third step the spatial and temporal analysis of our EEG data will be applied on the 

pathological EEGs, got from patients suffering from epilepsy. A higher modularity and a lower 

temporal autocorrelation in epilepsy patients compared to controls are expected. For the 

analysis EEG data which was acquired during a wakeful rest will be used. 
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4.) Study design 
Each participant will be studied like followed. 

Image 1: study design in „Objective bed side assessment of impaired conscious awareness in epilepsy”  

5.) Description  

5.1 Course 

After proving their suitability for participation in the study, participants will be informed about 

the aim, potential risks as well as about the time course and the scientific background of this 

project. Afterwards, demographic data will be collected and a neuropsychological assessment 

will be carried out. In addition to the neuropsychological test procedures, which register the 

cognitive domains of memory, attention, concentration and executive functions, clinical 

questionnaires and general psychosocial measures are collected (Table 1). 

All of the subsequently named tests will take place in a safe environment for patients and 

participants and will be conducted by a trained psychologist. A clinician scientist will always 

be there on demand. 

Afterwards, the EEG electrodes will be placed and prepared for the following recordings. The 

EEG will be conducted by trained staff. After finishing the recordings, the cap will be removed 

and participants will have the opportunity to wash and dry their hair as well as asking any 

questions about the procedure. After finishing the data collection financial compensation will 

be paid.  

Written informed Consent

Collection of demographical data

Neuropsychological Assessment

EEG Preparations

EEG

Removing the EEG cap, Questions?, 

Financial compensation
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Table 1: Psychological Tests  

Neuropsychological tests Clinical surveys Psychosocial disposition 

- Verbal learning- and 
memory test 

- Short term memory and 
visuo-constructive skills:  
Rey Complex Figure Test 

- Attention and executive 
functions: Test of 
Attentional Performance 
(TAP) 

- Working memory: 
Repeating Numbers from 
Wechsler Adult 
Intelligence Scale; Block-
Tapping-Test 

- Depression: Beck Depression 
Inventory-II 

- Anxiety and Depression: 
Hospital Anxiety and 
Depression Scale 

- Psychopathologies: 
Symptom checklist-90-S 

- Sleep Habits: The 
Pittsburgh Sleep Quality 
Index PSQI 

- Quality of Life: The 
German version of the 
Quality of Life in Epilepsy 
Inventory 

- Consciousness: 
retrospective 
quantitative 
consciousness 
assessment in epilepsy 
seizures: The Ictal 
Consciousness Inventory 

 

5.2 Potential risks and side effects of EEG measurement 

As a health risk to fetuses cannot be completely ruled out, women who could be pregnant will 

not take part in the study. 

In the context of EEG recordings, incidental pathological findings can occur, for example in the 

form of epilepsy-typical patterns. Therefore, the possibility of pathological findings is 

mentioned in the declaration of consent, which has to be read and signed by every participant. 

In the case of incidental findings, the participant will be informed and will have the 

opportunity of an appointment with a physician in our outpatient clinic. 

By using CE-certified electrode caps and devices from ‘Brainproducts’ as required, EEG 

recordings do not represent a risk for participants. 

While recording EEG, a medical doctor will be there on demand or will even stay during the 

measurement, even if there is no increased risk for epileptic seizures due to the data 

collection. 

6.) Ensuring security for participants 

6.1 Recruiting epilepsy patients 

The recruitment of study participants with IGE and TLE will take place in the outpatient 

department of the Department of Neurology (University Hospital) in Kiel. If the patients are 

suitable for participation in the study, the treating physicians will inform them about the study 

procedure. If patients are interested in participating, they can contact the investigation staff, 

ask further questions and potentially register to participate. Furthermore, resident 

neurologists will be informed about the study and will be asked to pass the study information 

on to suitable patients by giving them flyers. A third possibility of recruiting could be to contact 

the Group “Epilepsie Kiel e.V.”, who could publish information about this study on their 

website.  
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6.2 Recruiting the control group 

Participants will be informed about the study by postings / flyers, laid out in the Christian-

Albrechts University in Kiel, the University Hospital Schleswig-Holstein in Kiel, the polytechnic 

Kiel as well as in the adult education center. For the control group we would like to expand 

the recruiting about a posting in eBay Kleinanzeigen. 

 

6.3 In- and exclusion criteria  

In the group of epilepsy patients, severe secondary diseases lead to exclusion from the study. 

For the control group, only healthy, age-adjusted subjects will be included. Further exclusion 

criteria are systemic diseases of the central nervous system, addictions and other serious 

psychiatric illnesses. An existing pregnancy also leads to exclusion from the study. 

6.4 Termination criteria 

Upon request, the examination can be paused or terminated at any time. Furthermore, the 

attending physician can stop the continuation of the examination if the subject is at risk. If the 

subject stops the participation, no explanation is required and there will not be any 

disadvantages. 

7.) Sample size calculation 
The planned sample size is mainly based on the abovementioned EEG-fMRI study (Tagliazucchi 

et al., 2013). There, 63 healthy subjects were surveyed and divided into 4 groups according to 

sleep stages. Due to possible technical problems and artifacts, individual subjects can be 

excluded, especially in the group of patients. In order to achieve a sufficient effect, 30 subjects 

per group will be collected (IGE, TLE, healthy controls). 

8.) Time course 
Data acquisition will take about 20 months with 2 to 3 appointments per week. For the 

following analysis 16 months are planned.   

9.) Analysis 
Before the statistical analysis of the data, EEG raw data will be preprocessed. The programs 

MatLab®, Cartool and BrainVision Analyzer for which licenses are not necessary or already 

available at the institute, will be used for this. The data from the psychological testing, 

questionnaires and, demographical data will be analyzed in R statistics or / and Jupyter 

Notebooks. 

10.) Data acquisition, transfer and storage  
The data acquisition takes place in the abovementioned institute. The long-term storage of 

the data takes place on an external storage medium that is stored under lock in the institute. 

Personal data and the provided pseudonymized data are stored separately from one each 
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other, so that an assignment to one another is only possible via a key list that is only known 

to the project manager and the involved staff. The original survey material is also archived 

under lock and without the possibility of personal identification. The data is archived for 10 

years in accordance with current regulations. 
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