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Abstract

Background: The HOMEONE study is part of the larger HOME project, which aims to provide evidence of diagnostic
and therapeutic yield (“change of management”) of a patient-controlled portable EEG device with dry electrodes for
the purposes of EEG home-monitoring neurological outpatients.

Methods: The HOMEONE study is the first step in the process of investigating whether outpatient EEG home-monitoring
changes the diagnosis and treatment of patients in comparison to conventional EEG (“change of management”). Both
EEG devices (conventional and portable) will be systematically compared via a two-phase intra-individual assessment.
In the first phase (pilot study phase), both EEG devices will be used within neurologist practices (all other things being
equal). This pilot study (involving 130 patients) will evaluate the technical usability and efficacy of the new portable dry
electrode EEG recorder in comparison to conventional EEG devices. Judgements will be based on technical assessments
and EEG record examinations of private practitioners and two experienced neurologists (percent of concordant readings
and kappa values).
The second phase (feasibility study phase) aims to assess patients’ acceptability and feasibility of the EEG home-
monitoring and will provide insights into the extent diagnostic and therapeutic yields can be expected.
For this purpose, a conventional EEG will be recorded in neurologist practices. Thereafter, the practice staff will
instruct the patients on how the portable EEG device functions. The patients will subsequently use the devices in
their home environment.
The evaluation will compare the before and after documented diagnostic findings and the therapeutic consequences
of the private practitioners with those of two experienced neurologists.
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Discussion: To the best of our knowledge, this will be the first study of its kind to examine new approaches to
diagnosing unclear consciousness disorders or other disorders of the CNS or the cardiovascular system through
the use of a patient-controlled portable EEG device with dry electrodes for the purpose of home-monitoring
neurological outpatients. If the two phases of the HOMEONE study provide sufficient evidence of diagnostic and
therapeutic yields, this would justify (indication-specific) full-scale randomized controlled trials or observational studies.

Trial registration: DRKS DRKS00012685. Registered 9 August 2017, retrospectively registered.

Keywords: Portable EEG, Home monitoring, Diagnostic testing, Intra-individual comparison

Background
At present, EEGs can only be recorded with considerable
effort over a prolonged period of time under the every-
day conditions of the patient. Patients are also unable to
place an EEG cap on their own. To address these issues,
a portable dry electrode EEG recorder (Fourier One)
was developed. This new EEG device, which is integrated
into a patient-friendly cap, records brain waves continu-
ously or patient-controlled over a longer period of time.
The patient can place the portable EEG device inde-
pendently without the help of medical staff. With the de-
velopment of this new EEG device, it is also possible to
record brain waves outside medical facilities over a
period of time ranging from several hours through to
days under everyday conditions in the patient’s home.
This results in new possibilities for the differential diagno-
sis of suspected cases of epilepsy, unclear consciousness
disturbances, sleep disturbances, ADHD, or other disor-
ders of the CNS, in contrast to other causes. The use of
the new EEG device might also result in changes in the
therapeutic management (e.g., changes in medication).
These possible changes are summarized under the term
“change-of-management” and reflect the therapeutic yield
of a patient-controlled EEG home-monitoring. In this re-
gard, the new portable dry electrode EEG recorder is
intended to be used for both diagnostic performance and
part of the therapeutic management.
Traditional EEG devices are not intended to be used

in the home environment of patients, especially due to
their immobility. To meet medical and technical re-
quirements and the needs and expectations of patients
and professionals, Pinho et al. [1] summarize that EEG
systems for outpatient care shall have the following fea-
tures: “wireless connectivity, dry electrodes, signal reso-
lution, sampling frequency, comfort, portability, signal
artefact attenuation, event detection and event predic-
tion” (p. 565). For the purposes of realizing the HOME
project, we expand the list of necessary features by add-
ing two additional needs: (1) an integrated and struc-
tured reporting system and (2) the full coverage of the
10–20 system for electrode placement. There are sev-
eral EEG devices on the market that meet (at least
some of ) these demands (e.g., [2–5]); other devices are

in the developing process (e.g., [1, 6, 7]). The “Fourier
One”1 was developed to fulfill all demands and is, to the
best of our knowledge, the first that meets all legal require-
ments (particularly with regard to CE certification) for the
use in routine medical care and for home-monitoring.
The Fourier One cap (F1) is a CE-approved2 medical

device of class IIa. With electrodes located at the EEG
typical positions (10–20 system), it has the same tech-
nical monitoring and evaluation possibilities as a con-
ventional practice EEG device. Since brain waves can
also be recorded under everyday conditions, the cap has
a wider range of applications than a conventional prac-
tice EEG. The signals are digitized by miniaturized elec-
tronics and stored on a chip that is integrated into the
cap. The chip is read in the supervising neurological prac-
tice. The technical signal quality facilitates the diagnostic
assessment of brain waves, which corresponds to the con-
ventional EEGs. A telemedical transmission of the brain
waves is generally possible but has yet to be realized.

Objectives of the HOME project and specific objectives of
the HOMEONE study
The goal of the HOME project is to implement an EEG
home-monitoring system with a patient-controlled port-
able dry electrode EEG recorder for use within the rou-
tine care of outpatients (for diagnostic purposes as well
as for therapeutic management). The HOMEONE study
will be a two-phase (pilot study phase and feasibility
study phase) intra-individual comparison that is driven
by the following aims:

(1) To evaluate the technical usability and efficacy
of the new portable dry electrode EEG recorder
in comparison to the conventional EEG devices
(pilot study phase);

To determine whether the pilot study objectives are
met, we will analyze the technical assessments and EEG
record examinations of the private practitioners and two
experienced neurologists (percent of concordant read-
ings and kappa values). After the technical usability and
efficacy are shown, the second HOMEONE study phase
will be conducted. This feasibility study will aim to:
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(2) Assess patients’ acceptability and the feasibility of
the EEG home-monitoring (feasibility study phase);

(3) Provide insights into the extent of expectable
diagnostic and therapeutic yields (feasibility
study phase).

To evaluate whether this feasibility study was success-
ful, we will analyze the before and after documented
diagnostic findings and the therapeutic consequences of
the private practitioners and compare them with those
of two experienced neurologists. As is the case in the
pilot study phase, a technical assessment is also part of
the analyses.
If the two phases of the HOMEONE study provide suf-

ficient justification for technical usability, practical feasi-
bility, and diagnostic and therapeutic yields, this will
justify (indication-specific) full-scale randomized con-
trolled trials or observational studies.
To realize the goals of the HOME project (and the

HOMEONE study), which is being performed by the
University Department of Neurology Magdeburg, we
established a network of practices of neurologists in
Saxony-Anhalt, a federal state of Germany.

Methods/design
Study phases and settings
The portable EEG monitoring will be performed with
patients of neurologist practices. A total of 18 participat-
ing specialists from the Saxony-Anhalt region have
agreed to the study concept, including an advisory sec-
ond opinion by the University Department of Neurology
Magdeburg (KNEU). The practicing neurologists remain
responsible for the medical care of their patients.
The HOMEONE study consists of two phases:
During the pilot study phase (first phase), an EEG

examination with the portable EEG system (F1) will be
carried out with a population of approximately 130 study
patients in addition to the conventional EEG approach
in the practices of private practitioners. As such, two
EEG recordings will be performed during one consult-
ation (but in sequence) with all other things being equal.
This phase will examine the technical usability and effi-
cacy of the new portable dry electrode EEG recorder
and compare it with the different conventional practice
EEG devices. It will also draw conclusions about the
conformity of the reporting physicians. It is, hence, use-
ful to “calibrate” the physicians, especially those from
the KNEU who are responsible for performing the sec-
ond assessment, before the beginning of the second
phase. The inter-rater reliability of EEG evaluations
shows kappa values of 0.5 to 0.9 [8–11], depending on
the question. As an example, experienced epileptologists
feel safe in their findings but have only low inter-rater

matches [12]. It cannot be excluded that the additional
use of the portable EEG device in neurological practice
can already provide a diagnostic, therapeutically useful
gain in knowledge.
During the feasibility study phase (second phase), the

EEG examination will be carried out with approximately
500 study patients. This will commence with a conven-
tional EEG in the doctor’s practice. Subsequently, the
neurological practice will introduce the patient to the
functioning and handling of the portable EEG device
and the necessary accessories. Afterwards, the patient
will be able to independently place and remove the port-
able EEG device and to use it in his or her home envir-
onment according to the dispositions of the neurologist.
The doctor in charge will determine the recording

time with the cap according to medical criteria. The ef-
fective recording time will be included in the empirical
evaluation.
The feasibility phase will serve to evaluate patients’ ac-

ceptability and feasibility of the EEG home-monitoring
process. In addition, this study will aim to generate initial
insights into the extent to which EEG home-monitoring
achieves the expected diagnostic and therapeutic yield
with regard to the use of a patient-controlled, portable
EEG device with dry electrodes for home-monitoring of
neurological patients.

Target group, inclusion and exclusion criteria
The study will include patients (male and female of the
age of 18 or older) who, according to the judgment of
the practicing neurologist, have a suspected or manifest
disease giving rise to the medical indication to record an
EEG (first or repeated) within the framework of usual
statutory care (i.e., billing numbers EBM 16310 or
16311). The private practitioner will be responsible for
the selection and the information of the patients.
In both study phases, patients who have to be treated

after the first EEG due to hazard prevention will not be
included in the study. In addition, patients under the age
of 18 will be excluded.

Patient information and consent
The private practitioners in charge will explain the ob-
jectives of the study and the process by which it will be
performed to the patients before asking them to sign a
consent form in which they agree to the following: port-
able EEG monitoring, diagnostic second opinion by the
University Department of Neurology Magdeburg, data
evaluation, and data storage. The signed consent form
will remain with the private practitioner. In the event of
a possible revocation, the physician shall immediately in-
form the university department.
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Indication, implementation, and evaluation of EEGs
Before using the conventional EEG, the private practi-
tioner will document the diagnostic question and the
therapeutic options. This will serve as the proof for the
indication of the conventional EEG. The private practi-
tioner will also document the patient’s medical history.
Both the conventional practice EEG and the portable EEG

will be derived in the pilot study phase (first phase) accor-
ding to uniform standards over 20 min as per the German
Society of Clinical Neurophysiology (DGKN) guidelines [13].
In the feasibility study phase (second phase), the EEGs

will be derived according to the guidelines of the German
Society of Clinical Neurophysiology (DGKN) [13, 14] per
the neurologist (possibly also as long-term EEG). The
portable EEG will be stored on a memory card that is inte-
grated into the headset. The patients will return with the
headset and activity and evaluation sheet, which they will
be required to complete.
Subsequently, in both phases of the HOMEONE study,

the private practitioner will examine both EEGs using
the same standardized assessment sheet.
Both results will be collected by a staff member of

KNEU. In the run-up to the second assessment of both
EEGs, the Data Trustee will transfer the data from the
conventional EEG devices into the standardized format
of the portable EEG device and will blind all EEGs. The
blinded EEGs will then be examined by two experienced
neurologists from KNEU.

Data analysis and measures
Comparing the two EEG recording methods, the con-
ventional practice EEG cannot be the gold standard to
determine the sensitivity, specificity, and predictive
values of the portable EEG. The goal that underpins the
use of the portable EEG is to gain additional diagnostic
insights through extended use. However, in the present
state of the method, the portable EEG can remain be-
hind the conventional practice EEG in its diagnostic
yield, for example, due to increased artifacts or errors in
handling by the patient. As such, it will be necessary to
document the technical assessment and the extent to
which there is concordance between the two EEGs.
In the pilot study phase, all three assessors will evalu-

ate the technical quality of the EEG records according to
the following ratings:

(1) The EEG record is unrestrictedly for medical
reporting,

(2) The use of the EEG record for medical reporting is
limited, and

(3) The EEG record is not usable for medical reporting.

The evaluation of the technical quality is based on dif-
ferent criteria:

(1) The assessor’s overall impression on the EEG
record,

(2) The frequency of artifacts,
(3) Strength of 50 Hz line noise, and
(4) Recovery of EEG traces after strong artifacts.

These criteria meet the standards of the International
Federation of Clinical Neurophysiology (IFCN) for digital
recording of clinical EEG [15].
In addition, all three assessors will document their

medical reports for each blinded EEG record. After
re-identification of the EEGs and the associated medical
reports by the Data Trustee, the concordance (or dis-
cordance) will be evaluated. As measurements, we will
use concordance rates and kappa values.
In the feasibility study phase, we will use the same ap-

proach. However, we will extend it as follows: To share
information regarding a possible change of management,
the private practitioner will classify the results of the
conventional practice EEG according to the possibilities
presented in Table 1.
In the same way, they will also classify the results of

the portable EEG (see Table 2).
In a first simplified evaluation level, the combinations

(1A and 2A) as well as ((1B or 1C) will be (2B or 2C))
concordant. This results in Table 3.
This represents an intra-individual method compari-

son with a binary result criterion (“change of manage-
ment”): The case management sequences of the portable
EEGs are the same as those of the conventional practice
EEGs (a or d), they are beyond (c) or remain behind (b).
No decision should be made at this level (c) being “bet-
ter” than (b).
To develop patients’ acceptability, we will use a ques-

tionnaire to measure relevant factors.
In an extended evaluation level, the results of the port-

able EEG will be more differentiated by means of the
possibilities shown in Table 4.
The combinations of 1A with 2A are concordant with

1B with 2B1 and 1C with 2C1. The other combinations
are discordant. Since the expected number of discor-
dances is higher than the previous simplified classifica-
tion, more cases than stated above will be required.
In the second part of the documentation, the attending

physicians will document their gain in case management
through the additional portable EEG and determine their

Table 1 Action-oriented classification of the findings of the
conventional practice EEGs

1A No action or follow-up appointment only

1B Targeted referral for further clarification or co-treatment or
further treatment

1C Initiate or change therapy (adjust, switch, settle)
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disposition for their patient. In doing so, they will decide
for themselves which of the possibly discordant EEG
findings they consider superior. Since they know both
findings and the patient, their two EEG assessments are
not independent of each other.
The result of the second opinion in KNEU is subse-

quently included for the method comparison.

Sample size calculation
Pilot study phase
Because the judgements in this study phase will be mainly
based on inter-rater reliability, we will calculate the sample
size regarding this issue. According to [16], we will assume
a difference between the overall agreement probability
and the chance agreement probability of 0.3 and a relative
error of 0.3. This will lead to a sample size of 123 subjects.
For the pilot study phase, therefore, we expect there to be
a duplicate diagnosis for 130 patients.

Feasibility study phase
The question of whether one of the two diagnostic pro-
cedures indicates for more or fewer patient-targeted re-
ferrals or therapies will be tested using a McNemar test.3

In a proportion of discordances in the one direction of
0.1 and in the other direction of 0.05 (i.e., 15% of the pa-
tients are discordant), and based on the conventional
statistical assumptions (error of the first type < 0.05,
power > 0.8), a difference between the two procedures
can be statistically confirmed with 468 double-diagnosed
patients. In the case of 20% discordant patients (with
proportions of 0.13 vs. 0.07), 433 patients would be suffi-
cient. For the feasibility study phase, therefore, we ex-
pect there to be a duplicate diagnosis for 500 patients.

Data transfer to the University Department of Neurology
(KNEU)
If the procedure described above is followed, the stored
EEG data will initially only be available to the initiating
physician. According to the protocol, an employee of
KNEU will receive the two related EEGs and the assess-
ment form on a data carrier (USB stick) in the practice
of the neurologist. In the future, the safe medical net-
work can be employed for this purpose.

Randomized second assessment by KNEU
The Data Trustee of the KNEU will store the study EEGs
and the assessments of the private practitioners separ-
ately from the clinic data. KNEU will first evaluate all
EEGs according to the technical aspects. Patients with at
least one EEG which cannot be assessed technically will
not be included in the further method comparison.
Within the framework of the method comparison,

KNEU will organize the conciliary second assessment
(reference assessment) of the EEGs of each patient by
two independent experts. For this purpose, the Data
Trustee will pseudonymize the two EEGs of the same
patients and randomly divide them before providing
both of them to the two specialists who will independ-
ently judge them according to the standardized assess-
ment form. After the re-identification of the EEGs by
the Data Trustee, any discordance between the outcomes
of the two second assessors will be ascertained and
jointly (possibly with a mediator) decided whether differ-
ent dispositions of the further case management result
from the comparison of the two related EEGs from the
point of view of the KNEU.
Subsequently, the findings of the KNEU will be com-

pared with those of the private practitioner. For each pa-
tient, the private practitioner will receive conciliary
feedback, in urgent cases by telephone (Fig. 1). A final
concordance of the three physicians involved will not be
required. The professional responsibility for patient
management will remain with the practitioner.
In the review of the EEG findings from the practice

and the KNEU, there will be two four-fold tables
(Table 5).
The first result criterion will be the proportion and the

direction of the cases with discordant disposition of the
two EEGs by the private practitioner (Table 3). The

Table 2 Action-oriented classification of the results of the
portable EEG

2A No action or follow-up appointment only

2B Targeted referral for further clarification or co-treatment or
further treatmenta

2C Initiate or change therapy (adjust, switch, settle)
aIf clarification or therapeutic clarity can only be established by targeted
referral, this clarification is part of the contractual medical care, not the study

Table 3 Test assessment of conventional and portable EEGs by
the private practitioner

Practice EEG Portable EEG Total

Action (2B, 2C) No action (2A)

Action (1B, 1C) a b a + b

No action(1A) c d c + d

Total a + c b + d a + b + c + d

Table 4 Differentiation possibilities of the portable EEG results
in an extended evaluation level

2A No action or follow-up appointment only

2B1 Referral to the same specialist as 1B

2B2 Referral to a specialist different than 1B

2C1 Same therapeutic decision as 1C

2C2 Other therapeutic decision than 1C

Neumann et al. Pilot and Feasibility Studies  (2018) 4:100 Page 5 of 8



second criterion will be the proportion and direction of
discordant results in the treatment regimen by special-
ists of KNEU within the framework of the pseudony-
mized second assessment.
In this way, it will be possible to determine how

the KNEU physicians assess the portable EEG differ-
ently from the private practitioners in addition to
generating insights into how these two physician
groups differ from each other in terms of their

assessments of the office-based EEG. Furthermore, it
will be possible to observe how the assessments of
the consulting physicians from KNEU differ from
each other. These assessments will each be quantified
as kappa values.
As a third result criterion and final evaluation level of

method comparison, the original four-fold table will be
prepared again after the consolidation of the first and
second assessments (Table 6):

Fig. 1 Process sequence of data management, blinded second assessment (KNEU) and conciliary feedback to private practitioner

Table 5 EEG assessments by the University Department of Neurology (KNEU) in relation to the previous assessment by the private
practitioners

Practice assessment

Assessment KNEU Action (2B, 2C) No action(2A) Total

Conventional practice EEG

Action (1B, 1C) a b a + b

No action (1A) c d c + d

Total a + c b + d a + b + c + d

Portable EEG

Action (1B, 1C) a b a + b

No action (1A) c d c + d

Total a + c b + d a + b + c + d
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Economics
The physicians involved will care for their patients accord-
ing to the standard of the statutory health insurance. The
study will provide private practitioners with a sufficient
number of portable EEG headsets (F1), including the ne-
cessary accessories, and a computer suitable for the evalu-
ation, assessment, and documentation of portable EEGs.
For the patient-controlled use of the portable EEG de-
vices, the patients will receive, in addition to the EEG
headset, a tablet computer that will show the correct func-
tion of the device. In addition, the patient will receive a
bracelet marker. This will be connected via a radio link to
a recording device that is integrated into the headset. This
will allow the patient to mark events during the derivation
in the recorded EEG curve. The patient will also be pro-
vided with clear instructions on how to handle this device
by the supervising practice. In this case, the patient will
also receive instructions and notes as to which events he
can or should mark.
The study-related additional expenses will be funded

by two sources. The additional implementation and as-
sessment of the portable EEG will be covered by the par-
ticipating statutory health insurance funds within the
scope of a selective contract.
The participating neurologists will be remunerated for

the costs associated with producing the study documen-
tation, which will exceed the standard documentation,
from the study fund.

Privacy and ethics
Participating in the HOMEONE study will be voluntary
for physicians and patients. The declaration of consent
signed by the patient after the physician has informed
him or her of the study details and their possible revoca-
tion shall remain with the private practitioner.
The private practices will send the conventional prac-

tice EEGs and the additional recorded portable EEGs to-
gether (with both assessments) to the University
Department of Neurology. The portable EEG may be se-
curely transferred digitally (transfer via a data carrier
and later the use of the safe medical network).

Because of the conciliary second opinion, which the pa-
tient will have consented to, the University Department of
Neurology will represent one of the “co-treating” doctors.
It will, therefore, work with patient-identifying data. The
second evaluation, which will be performed in the clinic
will be performed on pseudonymized data. This will en-
sure the two related EEGs are assessed independently of
each other.
If a patient revokes participation in the study, the private

practitioner and the University Department will delete the
data collected during the process of the research.
According to professional standards, EEG data are to

be safely stored for at least 10 years. The University De-
partment of Neurology can use pseudonymized stored
EEGs for the optimization of diagnostic algorithms.
The Ethics Committee of the University Magdeburg

has reviewed and approved the project.

Discussion
The advantage of the described procedure is that it
can be immediately transferred and implemented in
the outpatient routine care setting. The diagnostic
yield will be examined by following a randomized ap-
proach. Therapeutic consequences will be legally and
practically left to the discretion of the private practi-
tioner. Therefore, no final consensus among the phy-
sicians involved in the EEG assessments will be
required and, even less, can therapeutic consequences
be randomized. To this extent, the medium-term ben-
efits for the patient cannot yet be estimated with the
presented design.
The technically extended EEG can lead to an in-

crease in the indication and, thus, to an increase in
diagnostic and therapeutic performance. On the other
hand, unclear referrals and hospital and sleep-patient
stays are likely to reduce. The case documentation
will record the planned follow-up dispositions. This
will allow a comparative calculation of the statutory
health care costs of the two EEG modalities. A
medium-term cost-benefit assessment at the level of
the health insurance funds or society will not be pos-
sible with this design.
It is anticipated that the HOMEONE study can help to

increase patients’ acceptability of EEG home-monitoring.
We expect the study will shed light on the question of
whether such home-monitoring leads to sufficient
change of management cases. The feasibility study
phase, in particular, will facilitate the identification of
particularly relevant medical indications or suspected
diagnosis for the use of the EEG home-monitoring.
Based on the results, the objective of the HOME project
is to design and perform indication-specific full-scale
randomized controlled trials.

Table 6 Consolidated EEG assessments jointly by the University
Department of Neurology and by the private practitioners

Practice-EEGa Portable EEGb Total

Action (2B, 2C) No action(2A)

Action (1B, 1C) a b a + b

No action (1A) c d c + d

Total a + c b + d a + b + c + d
ahttp://powerandsamplesize.com/Calculators/Compare-Paired-Proportions/
McNemar-Z-test-2-Sided-Equality
bAfter consolidation of the initial assessment in practice and the second
assessment in the University Department of Neurology
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Endnotes
1Manufacturer: Nielsen Tele Medical GmbH, Magdeburg

(http://sites.nielsen.com/telemedical/)
2According to the CE certificate of the F1 headset, the

intended use is specified as follows: The use of the product
is indicated for the application in the field of neurology,
such as “epilepsy, global brain function diagnosis, and
hemispherical asymmetries.”

3http://powerandsamplesize.com/Calculators/Compar-
e-Paired-Proportions/McNemar-Z-test-2-Sided-Equality

Abbreviations
ADHD: Attention deficit hyperactivity disorder; CNS: Central nervous system;
DGKN: German Society of Clinical Neurophysiology; EBM: Einheitlicher
Bewertungsmaßstab (Physicians’ Fee Schedule);
EEG: Electroencephalography; KNEU: University Department of Neurology
Magdeburg

Acknowledgements
The executive board of the German Society of Clinical Neurophysiology
and Functional Imaging (DGKN) supports the objectives and design of
the HOME-study.
The authors wish to thank Bernd Markgraf for his support in setting up the IT
structure and organizing the data handling.

Funding
The study is funded in the research consortium “Autonomie im Alter” by means
of the State of Saxony-Anhalt and the European Union, European Regional
Development Fund (ERDF).

Disclaimer
The statements presented in this publication are solely the responsibility of
the authors and do not necessarily represent the views of the funding
institution and/or of any of the institutions mentioned above.

Authors’ contributions
TN, UB, JS, HH, and BPR drafted the manuscript. TN, HH, and BPR designed
the study. AB, UB, and JS will coordinate the study and the collaboration
with the participating neurologists. RD and HF helped to design the study
and will perform the secondary evaluation of the recorded EEGs. All authors
critically revised and finally approved the manuscript.

Ethics approval and consent to participate
The ethics committee of the Faculty of Medicine of the Otto-von-Guericke-
University Magdeburg has reviewed and approved all data management and
outcome-related activities of this research project (Reference number: 25/16).
Patients provided their written consent to participate in the study prior to
any examination.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1University Department of Neurology, Otto-von-Guericke-University
Magdeburg, Leipziger Str. 44, 39120 Magdeburg, Germany. 2Leibniz Institute
for Neurobiology, Brenneckestraße 6, 39118 Magdeburg, Germany. 3Chair in
Empirical Economics, Otto-von-Guericke-University Magdeburg,
Universitätsplatz 2, 39106 Magdeburg, Germany. 4Institute of Social Medicine
and Health Economics, Otto-von-Guericke-University Magdeburg, Leipziger
Str. 44, 39120 Magdeburg, Germany. 5German Center for Neurodegenerative
Diseases, Site Magdeburg, Leipziger Str. 44, 39120 Magdeburg, Germany.
6Forschungscampus STIMULATE, Otto-von-Guericke-University Magdeburg,
Sandtorstraße 23, 39106 Magdeburg, Germany.

Received: 18 December 2017 Accepted: 11 May 2018

References
1. Pinho F, Cerqueira J, Correia J, Sousa N, Dias N. myBrain: a novel EEG

embedded system for epilepsy monitoring. J Med Eng Technol. 2017;41:
564–85. https://doi.org/10.1080/03091902.2017.1382585.

2. Brown L, van de Molengraft J, Yazicioglu RF, Torfs T, Penders J, van Hoof C.
A low-power, wireless, 8-channel EEG monitoring headset. Conf Proc IEEE
Eng Med Biol Soc. 2010;2010:4197–200. https://doi.org/10.1109/IEMBS.2010.
5627393.

3. Chi YM, Wang Y, Wang Y-T, Jung T-P, Kerth T, Cao Y. A practical mobile dry
EEG system for human computer interfaces. In: Hutchison D, Kanade T,
Kittler J, editors. Foundations of augmented cognition: 7th international
conference, AC 2013, held as part of HCI international 2013, Las Vegas, NV,
USA, July 21–26, 2013. Proceedings. Berlin/Heidelberg: Springer Berlin
Heidelberg; 2013. p. 649–55. https://doi.org/10.1007/978-3-642-39454-6_69.

4. Consul-Pacareu S, Mahajan R, Abu-Saude MJ, Morshed BI. NeuroMonitor: a
low-power, wireless, wearable EEG device with DRL-less AFE. IET Circuits,
Devices & Systems. 2017;11:471–7. https://doi.org/10.1049/iet-cds.2016.0256 .

5. Gargiulo G, Bifulco P, Calvo RA, Cesarelli M, Jin C, van Schaik A. A mobile
EEG system with dry electrodes. In: 2008 IEEE Biomedical Circuits and
Systems Conference; Baltimore, MD, USA. Piscataway, NJ: IEEE; 2008.
p. 273–6. https://doi.org/10.1109/BIOCAS.2008.4696927.

6. Wyckoff SN, Sherlin LH, Ford NL, Dalke D. Validation of a wireless dry electrode
system for electroencephalography. J Neuroeng Rehabil. 2015;12:95. https://
doi.org/10.1186/s12984-015-0089-2.

7. Slater JD, Kalamangalam GP, Hope O. Quality assessment of
electroencephalography obtained from a “dry electrode” system. J Neurosci
Methods. 2012;208:134–7. https://doi.org/10.1016/j.jneumeth.2012.05.011.

8. Benbadis SR, LaFrance WC, Papandonatos GD, Korabathina K, Lin K, Kraemer
HC. Interrater reliability of EEG-video monitoring. Neurology. 2009;73:843–6.
https://doi.org/10.1212/WNL.0b013e3181b78425.

9. Stroink H, Schimsheimer R-J, de Weerd AW, Geerts AT, Arts WF, Peeters EA,
et al. Interobserver reliability of visual interpretation of
electroencephalograms in children with newly diagnosed seizures. Dev Med
Child Neurol. 2006;48:374–7. https://doi.org/10.1017/S0012162206000806.

10. Azuma H, Hori S, Nakanishi M, Fujimoto S, Ichikawa N, Furukawa TA. An
intervention to improve the interrater reliability of clinical EEG
interpretations. Psychiatry Clin Neurosci. 2003;57:485–9. https://doi.org/10.
1046/j.1440-1819.2003.01152.x.

11. van Donselaar CA, Schimsheimer R-J, Geerts AT, Declerck AC. Value of the
electroencephalogram in adult patients with untreated idiopathic first
seizures. Arch Neurol. 1992;49:231–7. https://doi.org/10.1001/archneur.1992.
00530270045017.

12. Grant AC, Abdel-Baki SG, Weedon J, Arnedo V, Chari G, Koziorynska E, et al.
EEG interpretation reliability and interpreter confidence: a large single-
center study. Epilepsy Behav. 2014;32:102–7. https://doi.org/10.1016/j.yebeh.
2014.01.011.

13. Deutsche Gesellschaft für Klinische Neurophysiologie (DGKN). Empfehlungen für
die Durchführung von EEG-Ableitungen in Klinik und Praxis bei Erwachsenen;
2006. http://dgkn.de/fileadmin/user_upload/pdfs/Richtlinien/RL4_EEG_
Empfehlung_fuer_die_Durchfuehrung_von_EEG-Ableitungen_in_Klinik_und_
Praxis_bei_Erwachsenen.pdf. Accessed 23 Apr 2018.

14. Deutsche Gesellschaft für Klinische Neurophysiologie (DGKN). Empfehlungen
für EEG-Langzeitableitungen; 2014. http://dgkn.de/fileadmin/user_upload/pdfs/
Richtlinien/RL8_EEG_Empfehlung_fuer_EEG-Langzeitableitungen.pdf. Accessed
23 Apr 2018.

15. Nuwer MR, Comi G, Emerson R, Fuglsang-Frederiksen A, Guérit J-M, Hinrichs
H, et al. IFCN standards for digital recording of clinical EEG.
Electroencephalogr Clin Neurophysiol. 1998;106:259–61. https://doi.org/10.
1016/S0013-4694(97)00106-5.

16. Gwet KL. Variance estimation of nominal-scale inter-rater reliability with
random selection of raters. Psychometrika. 2008;73:407–30. https://doi.org/
10.1007/s11336-007-9054-8.

Neumann et al. Pilot and Feasibility Studies  (2018) 4:100 Page 8 of 8

http://sites.nielsen.com/telemedical
http://powerandsamplesize.com/Calculators/Compare-Paired-Proportions/McNemar-Z-test-2-Sided-Equality
http://powerandsamplesize.com/Calculators/Compare-Paired-Proportions/McNemar-Z-test-2-Sided-Equality
https://doi.org/10.1080/03091902.2017.1382585
https://doi.org/10.1109/IEMBS.2010.5627393
https://doi.org/10.1109/IEMBS.2010.5627393
https://doi.org/10.1007/978-3-642-39454-6_69
https://doi.org/10.1049/iet-cds.2016.0256
https://doi.org/10.1109/BIOCAS.2008.4696927
https://doi.org/10.1186/s12984-015-0089-2
https://doi.org/10.1186/s12984-015-0089-2
https://doi.org/10.1016/j.jneumeth.2012.05.011
https://doi.org/10.1212/WNL.0b013e3181b78425
https://doi.org/10.1017/S0012162206000806
https://doi.org/10.1046/j.1440-1819.2003.01152.x
https://doi.org/10.1046/j.1440-1819.2003.01152.x
https://doi.org/10.1001/archneur.1992.00530270045017
https://doi.org/10.1001/archneur.1992.00530270045017
https://doi.org/10.1016/j.yebeh.2014.01.011
https://doi.org/10.1016/j.yebeh.2014.01.011
http://dgkn.de/fileadmin/user_upload/pdfs/Richtlinien/RL4_EEG_Empfehlung_fuer_die_Durchfuehrung_von_EEG-Ableitungen_in_Klinik_und_Praxis_bei_Erwachsenen.pdf
http://dgkn.de/fileadmin/user_upload/pdfs/Richtlinien/RL4_EEG_Empfehlung_fuer_die_Durchfuehrung_von_EEG-Ableitungen_in_Klinik_und_Praxis_bei_Erwachsenen.pdf
http://dgkn.de/fileadmin/user_upload/pdfs/Richtlinien/RL4_EEG_Empfehlung_fuer_die_Durchfuehrung_von_EEG-Ableitungen_in_Klinik_und_Praxis_bei_Erwachsenen.pdf
http://dgkn.de/fileadmin/user_upload/pdfs/Richtlinien/RL8_EEG_Empfehlung_fuer_EEG-Langzeitableitungen.pdf
http://dgkn.de/fileadmin/user_upload/pdfs/Richtlinien/RL8_EEG_Empfehlung_fuer_EEG-Langzeitableitungen.pdf
https://doi.org/10.1016/S0013-4694(97)00106-5
https://doi.org/10.1016/S0013-4694(97)00106-5
https://doi.org/10.1007/s11336-007-9054-8
https://doi.org/10.1007/s11336-007-9054-8

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Objectives of the HOME project and specific objectives of the HOMEONE study

	Methods/design
	Study phases and settings
	Target group, inclusion and exclusion criteria
	Patient information and consent
	Indication, implementation, and evaluation of EEGs
	Data analysis and measures
	Sample size calculation
	Pilot study phase
	Feasibility study phase

	Data transfer to the University Department of Neurology (KNEU)
	Randomized second assessment by KNEU
	Economics
	Privacy and ethics

	Discussion
	Manufacturer: Nielsen Tele Medical GmbH, Magdeburg (http://sites.nielsen.com/telemedical/)
	Abbreviations
	Acknowledgements
	Funding
	Disclaimer
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

