@encevis

powered by AT

User Manual

UNEEG™ EpiSight

Version number 1.11

© AIT Austrian Institute of Technology Page 1 of 42
Document ID: 2103301420 Errors and omissions excepted



encevis

powered by AT

UNEEG™ EpiSight is released as part of the medical device encevis™

Manufacturer:

AIT - Austrian Institute of Technology GmbH,;
u Giefinggasse 4; 1210 Vienna; Austria

Date of manufacture: 2021

Use-by date:
Windows 10: 10/2025

Notified Body:
C € DQS Medizinprodukte GmbH; August-Schanz-Stral3e 2;
0297 50433 Frankfurt am Main; Germany

Caution: Please read paragraphs marked with this symbol carefully as they
contain important safety information.

Issuing date of this document:
2021-03-30

© AIT Austrian Institute of Technology Page 2 of 42
Document ID: 2103301420 Errors and omissions excepted



encevis

powered by AT

Table of Content

Warnings and PreCAULIONS ..........uuuieiiiiiieeeeei e e et e e et e e e et e e e e eaa e e e e eaa e eeeeeanaeeeeennnaaeeees 5
(70 o1 1= 11T [o =1 ({0 1PN 6
POSSIDIE A0VEISE EffECTS ... i e 6
(@ 11 Tod 1S =T A U 1o [P 7
Installation and lICeNSE ACHIVALION ..........cceuuuiiiiiii e e e e eeees 8
UNEEG™ EpiSight Patient Database............c.oiiiiiiiiiii e 9
UNEEG™ EpPiSight Trending.........ccooiiiiiiiiiieee et eeeeenees 10
UNEEG™ EpPIiSight SPECIIOQIaM.......cvviiieii e e e e e e e e e aan s 11
UNEEG™ EPiSight REPOIT. .. .c.ueiiiiiiiiie et e e e e et e eeeena e 12
Keyboard SNOMCULS..........ciiiiii e e e e e e e e e e aanas 13
[0y L = o 17T | | PSSP 14
L@ YT 1 TP 15
UNEEG™EDpiSight Patient Database. ... 16
o V= ] S 16
Add a new patient to the database ... 17
Patient and data infOrMatioN..............uuiiriii e e 17
UNEEG™ EPISIGht VIEWET .. .ot 19
L@ YT 4T PR 19
1€ 0] o 7= U 110 1= 1o TP 20
TrENAING TFACES ...ttt ettt e e e et e e e e e e e e e e e e e e e aaa e e e e e 21
SPECIIOGIAIM TFACES ...vuiitiiiii ittt ettt e et e et e et et e et e et e e e e eaa e et e et e et e aanneens 23
] 1 = o <L 24
Using markers in EPISIQNL ... 25
UNEEG™ EPiSIight REPOIT ....c.eiiiieiiiii et e e e e e e et s e e e aaaaaeeeees 30
UNEEG™ EpiSight settings MenU.........c.coouiiiiii e 33
GENETAI SEHINGS ...ttt ettt e e e e et e e bbb e e e e e e e e ana s 33
Display CaliDration ..........ooiiiiiiiii e 36
0 01TV 0 F= Ty = 1 PP 37
Y o] o =] T [ PPN 38
Description of the algorithms.........cooou e 39
UNEEG™ EpiSight seizure deteCtion ...........ooooiiiiiiiiiiii e 39
UNEEG™ EpiSight rhythmic pattern detection.................cccoiviiiiiiii s 39
UNEEG™ EpiSight @EEG.........ouiiiiiiiii et e s 40
UNEEG™ EpiSight background freQUENCY ............ouuuuiiiiiiiiiiiiiiii e 41
© AIT Austrian Institute of Technology Page 3 of 42

Document ID: 2103301420 Errors and omissions excepted



encevis

powered by AT

UNEEG™ EpiSight SPeCtrogram ............uuuiiiiiiiiiiiiiii e 41

© AIT Austrian Institute of Technology Page 4 of 42
Document ID: 2103301420 Errors and omissions excepted



encevis

powered by AT

Warnings and precautions

A\

This version of UNEEG™ EpiSight is CE-certified as a medical device. If your
country requires any other approval for medical devices you must not use this
version of UNEEG™ EpiSight. Please contact your local distributor to receive a
version of UNEEG™ EpiSight that is not certified as a medical device and can be
used outside countries that accept the CE mark.

>

The modules from UNEEG™ EpiSight for the automatic analysis of EEG cannot
replace the examination by the physician. As for any other automatic procedure
there can be inaccuracies during the analysis with UNEEG™ EpiSight. The original
EEG still needs to be used for the evaluation and the results of UNEEG™ EpiSight
need to be confirmed based on the unaltered raw EEG trace.

UNEEG™ EpiSight does not provide any diagnosis or diagnostic recommendations
or predictions of the patient’s state. It remains the responsibility of the physician to
decide over the diagnosis or to induce treatment.

The use of the software cannot replace the real-time surveillance by medical staff
particularly of the vital functions. The patient’s safety remains the responsibility of
the medical professional.

The maximum length for one continuous EEG recording that can be analyzed with
UNEEG™ EpiSight is one year. If a recording is longer than one year, UNEEG™
EpiSight will stop processing.

> B b B

UNEEG™ EpiSight seizure detection cannot be used as an alarm system, since
there may be a delay of several minutes between the clinical onset of a seizure and
the display of the detected pattern. Some EEG-events with epileptic seizures that
have an electrographic correlate might be missed. For this reason, UNEEG™
EpiSight seizure detection can only support but cannot replace the qualified expert
in the real-time monitoring.

>

UNEEG™ EpiSight detection of rhythmic pattern, aEEG or background frequency
must not be used as an alarm system, since the visualization of patterns could be
delayed by up to several minutes.

>

Some events, where patterns defined in the Standardized Critical Care EEG
Terminology of the American Clinical Neurophysiology Society are visible in the
EEG, might be missed. All measures of the module UNEEG™ EpiSight pattern
detection must be evaluated in combination with the original raw EEG and must not
be the only basis for a diagnosis, treatment or change of treatment.
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Contraindications

There are no known contraindications for the use of UNEEG™ EpiSight.

Possible adverse effects

There are no known possible adverse effects when using UNEEG™ EpiSight.
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uick Start Guide
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Installation and license activation

PwnNpE

oo

Download UNEEG™ EpiSight.
Start the UNEEG™ EpiSight Installer by double-clicking the downloaded executable.
The installer will guide you through the installation process.

Once the installation has finished, start UNEEG™ EpiSight by clicking on the icon on
your desktop.

You can add new patients to the database and import data.

In order to open the patient’s EEG, you will need an active license.

Click on “Open patient”, the following window will pop up:

€ No license available X

o Mo license was found for encevis EpiSight. Do you want to activate one?

“ou will need a LicenselD and a Password provided by encevis@ait.ac.at.

Activate license| Cancel

Press “Activate license”, the License Tool will pop up.

@ License Tool 1110 ? X

[ Enabie Netrrork ficenses
Licenses found:

Mo valid license found.

Licensa activation

(@) Oniine (with internet connsction)
(O Manusl {without internet connection)

LicenselD:

Readly.

If you are connected to the internet, select ,Online” as activation mode. Otherwise,
select “Manual” and contact your distributor in order to get the keys for the manual
activation.

10. Enter your LicenselD and Password.
11. Press "Activate license(s)".
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UNEEG™ EpiSight Patient Database

Starting UNEEG™ EpiSight will open the patient database window.

Search patient Clear search  Select columns

Add new patient Connect to host

Treatng prysician: unselected
Impianti: [
Locatin: Len

Data information

Start of recording: 2017-01-1320:14:04
Current end of recording: ~ 2017-03-29 22:34:13

Avalable amount of data: 75 days 2 hours

New data snce last review: No last review available

| | I
@ Episight ‘ -‘ a] X
UNEEG [Ti=
)
EpiSight i
s Settngs | Hep
Patients ‘ ,
Search [ | [crear search | [I= seect.. |+ Create new patent
Patientld  Lastname  Firstname  Birth date Physician Connection  Open « A
JwisTantol icheel 15700101 ‘ ) "' H' =) Details for Michael Jones - Unconnected & r
515800101 Smith Jane 18800101 unselected AY unconnectes Patient information
= | patentn uteTon101 -~
JSS00T0T Viliams. Jonn 19900101 unseiected AY vnconnectes — i 1 D O,
v N
First name: Michael =¢ =4
ERi R “ Open patient Report Connect  import manualty
Sex: unselected 4
: T 1

Reviewed unti Ho last review avaiable

Data overview

L

dataavalable  nodata avaiabie [l data analyzed

S0 201740128 05:00

Toe 217402:28 11:00

Tha20174p-0 21:00

Zoom[Smontra_ | B

The patient database offers the following functionalities:

= Search for a patient by ID, name or date of birth
= Select the columns shown in the patient list
= Add a new patient

= Edit the patient’s information
= Get the information about the EEG data available for each patient
= Open the patient’s EEG
= Generate a report

= |Import data by connecting to the UNEEG ProConnect
= |Import data manually by selecting a folder
= Connect to the UNEEG ProConnect

= Change settings
= Open help

© AIT Austrian Institute of Technology
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Change settings
Open Help

Open data

Generate report

Import data

Edit details

Add comment

Read data
information
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UNEEG™ EpiSight Trending

Clicking on “Open patient” will open the UNEEG™ EpiSight Trending window.

Open trending Open spectrogram  Adjust zoom Connect to host
Open patient database ——— | | ——— Change settings
sz,.s.,m,ww.m;.h ; ; ,‘ 0 x
ouee 7 @O # 4 [l <« Open Help
Openpatint | Treadng | Specirogram UNEEGhost  Setings . Heb
R Z
Global time line i g - BT it f T Filter
Type Begin Comment A .
o Il @ [ avoonse Marker list
Markers =—>» o) © @ wronzn
ol @ [ wronuzme
ol @ [ wranaza
Q 17.0 “©
—_—
aEEG i  — - Sl
Q
Q [
O W fomms Edit marker
Background ik B )
— H I ] o e —
frequency i ‘ iy It A0 M w\ o 5 raees
| | li] {0 o T
@ [ mrosuen
e DR
@ A orovzea
R S S o P <« Select markers
Marker ] O R wssanzen
Merker type User seizure marker £ i i O R »rozuses
I ] | O [ wroassaxn
Raw EEG trace — i | 2
P Oy e
ot |
. -—
Add marker g - Evaluate marker
Approve Reject Uncertain
—— | [ ]
L Add marker to
Boos v 4 0nfinone v i0H v 2017-01-17 22:49:45 03%0 vim v TS w" repOrt
Change montage  Apply filters Select time  Change resolution Step through markers

EpiSight EEG-trending includes the following functions and traces:

= Global timeline with an overview over all available data

= Zoom in the global timeline and in the analysis windows over a drop-down menu or the
mouse wheel

= Seizure and other markers in a trace and in a list on the right side of the window
= Rhythmic pattern markers

= Amplitude-integrated EEG (aEEG)

= Background frequency

= EEG plot synchronized to the traces above

= Change montage

= Apply notch, high-pass and low-pass filters

= Change resolution in time and voltage

= Add markers

= Review and edit markers

= Filter marker list by marker type and by status
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UNEEG™ EpiSight Spectrogram

Clicking on the icon “Spectrogram” will show the spectrogram traces.

Open trending Open spectrogram Adjust zoom Connect to host
Open patient database ——— 1 | | r—— Change settings
@EprSlgh(-P&tlel‘lanﬁSm\m‘ ‘ = b x |
unees e — & 4} [} < Open Help

EpiSight
piSigl UNEEG host ~ Setings,  Help .

Open patient Trending | Spectrogram

Markerlist (1 markers selected)

Filter

Global time line &
°°°°° Marker list

20170114
“ 00:56:37

17.01-14

e

—————— © [ iromme [wa =

Spectrogram T T 1 o AP oo [0
P 2 oR

+— Edit marker

5 20170115
@ @A iy
20170147
LR It
2170117
O R 5l

2017-01-20
O B 7 <«— Select markers
OB ¥
O| @R ¥

Enable automatic movement to next marker

Color settings

Raw EEG trace

rowoe ma wenn €= Evaluate marker

’:\ Add marker to

Add marker

2017-01-17 2249045

Previous Next B> report
Change montage  Apply filters Select time Change resolution Step through markers

The spectrogram adds the following functionalities:

= Display of the spectrogram of the channels D-C and C-P.
= Get the estimated frequency in the spectrogram trace
= Adjust the color settings by changing the maximum intensity shown.
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UNEEG™ EpiSight Report

Clicking on “Report” will open the report window.

Automatically generated content Clear Export to pdf
© tpsign of x
oust 7 2 lT
Report for Jane Smith
> o <
= S o

0

Suramary o1 e fedeas.

[T p—

Fill out —>

Oagneate gedcmce

Copy automatically comment

The report offers the following functionalities:

= Enter additional clinical information including:
o Indication for testing
o Summary of the findings
o Diagnostic significance
o Clinical comments
= Generate content automatically including:
Patient information
Statistical information
Overview of seizure periods over time
Seizure periodicity plots
Seizure rate over time
Examples of seizures
= Copy the EpiSight comment
= Export to a pdf file

O O 0O O O O
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Keyboard shortcuts

The following table shows a summary of keyboard shortcuts available in UNEEG™ EpiSight

Modifier Key Function
EEG Plot area
Arrow left Scroll EEG-Plot one page to the left
Arrow right Scroll EEG-Plot one page to the right
Shift | Arrow left Scroll EEG-Plot one second to the left
Shift | Arrow right Scroll EEG-Plot one second to the right
Home Scroll EEG-PIlot to the beginning of the recording
End Scroll EEG-Plot to the end of the recording
Marker List
Arrow up Scroll one row up in the marker list
Arrow down | Scroll one row down in the marker list
Shift | Arrow up Expand selection with next marker up
Shift | Arrow down | Expand selection with next marker down
Ctrl | A Select all marker currently visible in the marker list
Ctrl | C Copy selected marker to the clipboard
A Rate selected markers as "approved"
R Rate selected markers as "rejected"
U Rate selected markers as "uncertain”
Trending and Spectrogram
Ctrl Show spectrogram
Ctrl Show trending
Edit Comment
Ctrl | E Open the comment dialog
Ctrl | Enter Save changes and close comment dialog
Esc Discard changes and close comment dialog
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UNEEG™ EpiSight
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Overview

UNEEG™ EpiSight is a software that enables you to review your patients' EEG recorded with
a UNEEG SubQ™ 24/7 device. It includes a patient database, an EEG viewer, a series of
EEG analysis and reporting tools. The software has several windows that will be described in

the following sections.
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UNEEG™EpiSight Patient Database

When you start UNEEG™ EpiSight, the patient database window opens.

Search patient Clear search

Select columns

Add new patient Connect to host

Change settings

| 1 I
@ Episight ‘ —‘ o x
UNEEG {+ [li<— Open Hel
o
EpiSight p p
UNEEGhost  Setings . Help
Patients ‘ ,0 Open data
Search [ | [ clear search | [:= sekect... |~ Create new patient
Patient 10 Lastname  Firstname  Birth date Ehysician Connection  Open - A Generate report
W Details for Michael Jones - Unconnected & r
1518800101 Smith Jane 1980-01.01 AY uncomnected 7 Patient information
Patient D: IN1ST00101 4
e —, Joba f—— ected A uncomected 7 | Lpgname sones ’ ~ ® =)
Frstname: Michas! , = e ‘
Birth date: 1970-01-01 ¢ Open patient Report Con import manually
Sex: unselected s
S — 11
oo £08 Import data
Locaton Lett
.
Edit details
More d forms
Comment:
Add comment
Data information
Start of recording: 2017-01-13.20:14:04
Current end of recording:  2017-03-20 22:34:13
vl st et 78t 2 Read data
New data snce last review: No last review available inf €
Reviewed untt Ho st review avaiabie Intormation
Data overview dataavalable  no data avaiabic [J] data analyzed
k T T T, 1
| S 201740129 05,00 . Tue 207228 11:00 . Tha 20170530 2100 i
< Zoom{3months | P> [T
« »

In the following, the functions of the patient database will be described.

Patient list

In the left panel the list of patients registered in the database is shown.

Search patient
Fill in the search field and the list will be automatically filtered. The filtered results are shown
in the patient list.

Clear search
Click on the button “Clear search” and the search results will be cleared. All patients
contained in the database will be shown again.

Page 16 of 42
Errors and omissions excepted

© AIT Austrian Institute of Technology
Document ID: 2103301420



encevis

powered by AT

Select columns
You can choose which columns are shown in the patient list by clicking on the drop-down
menu “Select” as seen below and clicking on the check box on the left of the column name.

Patient ID
Last name
First name
Birth date
Physician

Connection

A O T O Y

Open

Add a new patient to the database

In order to add a new patient to the database, click on the field “Create new patient”. The
following window will pop-up:

Create new patient

Patient ID:

Last name: |

First name:

Birth date: [1870-01-01 ~

Sex unselected ~

Treating physician: | unselected e |

Implant location: (@) Unknown () Left () Right

- hY

/ s 2

Fill out the patient information. You must specify at least a patient ID or first and last name.
This information can also be edited later.

Patient and data information

In the right panel of the window the detailed information of the patient selected in the patient
list are shown. You will also find buttons to open a patient, connect to UNEEG ProConnect,
write a report and import data manually.
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Open patient: If data is available, the folder icon will be shown in color. Clicking on
“Open patient” will open the UNEEG™ EpiSight Viewer with the EEG traces and the
¥ analysis of the patient's data. This can also be done by clicking on the icon in
__/ column “Open” or with a double click on the row in the patient list. If no data is
T available, the folder icon “Open data” will be shown in grey. You can then connect to
the UNEEG ProConnect or import data manually.

o Generate report: Clicking on “Report” will lead you to the report window. For more
= details go to the section UNEEG™ EpiSight report.

Report

Import manually: Use this option to manually import EEG data that have been

stored on your file system. By clicking on “Import manually” you can select a folder
w&# Wwhere the recorded EEG files are stored. Clicking on “Select folder” will start the
import of the data. EpiSight will recognize which recordings are new and related to
your patient and the respective implant ID. The results of the import will be shown in
the area “Data information”.

Import manually

Note that the folder containing your EEG files will appear empty when you
select it in the dialog.

] Connect: You can connect a patient to a UNEEG™ ProConnect system if it is
e configured for your setup. Please consult the UNEEG™ documentation on how to
establish the connection between EpiSight and ProConnect.

Update patient information

The patient information can be edited anytime. Every field can be edited individually. Click on
the little pencil symbol on the right side of the information. After changing the information
press return or click outside the editing field.

Add comment
The field comment leaves space to enter additional information. This field can be pasted to
the report. See the report section for details.

In the bottom part of the panel, the information about available data of the selected patient is
shown. This includes:

= Start of recording: The date of the first recorded EEG data

= Current end of recording: The date of the last recorded EEG data

= Available amount of data: This shows the number of days and hours of recorded
EEG data. This number can be much smaller than the total length of the recording as
the patient might not have recorded 24hours per day.

= New data since last review: Information about the status of the review of the data.
This field shows the time span between the date of the last approved marker and the
current end of the recording.

= Reviewed until: This field shows the date of the last approved marker for this patient

= Data overview: The data overview indicates when EEG data is available for the
patient. Dark grey areas show time periods with available data. Light grey areas
indicates those periods where no EEG data were recorded. A colored bar shows how
much of the data has already been analyzed. The latter is green when the analysis is in
process and blue when the analysis is done.
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UNEEG ™EpiSight Viewer

Clicking on "Open patient” in the patient database will open UNEEG™ EpiSight Viewer with
the trending traces.

Open trending Open spectrogram  Adjust zoom Connect to host
Change settings

Open patient database

[ @ EpiSight - Patient Janedipith

Open Help
|
Global time line . \‘ ‘L‘ 2 4 T ‘% T Fv.mn‘nl-mmm Filter
‘ L T Marker list
Markers —> M o
o
200 WV 0
aEEG —|
J
Edit marker

Background i
—
frequency

Select markers

Raw EEG trace

Add marker «— Evaluate marker

nnnnnnn

Add marker to
Qreren ot B report

Change montage  Apply filters Select time  Change resolution Step through markers

In the following, the functions and the traces of EpiSight Viewer will be described.

Overview

UNEEG™ EpiSight performs automated analysis on the EEG data and shows the EEG in
parallel. This includes a seizure detection and classification of epochs related to patterns
defined in the ACNS's Standardized Critical Care EEG Terminology. In addition, it shows
aEEG, the background frequency and a spectrogram. It provides a condensed graphical
representation that helps to assess important information about the state of your patient's
brain. UNEEG™ Episight Viewer consists of a global timeline, several trending traces,
spectrogram traces, the raw EEG traces and a marker list.

User- and data input

The input to UNEEG™ EpiSight is the raw EEG signal only. No video or other data are used
by the algorithm. Any settings selected in the Viewer (e.qg. filter settings or montage) are for
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visualization purposes only. The algorithm does not consider the visualization settings to
perform calculations and thus no user input is possible nor needed.

User-defined parameters

There are no parameters in the algorithm that can be changed by the user.

Outputs to the user

UNEEG™ EpiSight makes the results available to the user in form of different types of
markers as a function of time. The markers are to be interpreted as epochs in the EEG with a
high probability of having certain signal characteristics. The results are presented in a
graphical user interface.

Global timeline

The global timeline at the top of the display gives an overview of the complete length of the
available EEG and the point in time that is currently shown in the traces below. The global
timeline is shown both in the trending and in the spectrogram window.

Sun zoﬂ&lﬂ.s 01:00 Mon 201?+}B 05:00 Tue zm}d‘zm 11:00 wed 201}+}15 16:00 Thu zmrt%}n 21:00 St 201701

<] Zoom: 3 months | [

The top line shows the progress of the analysis. It is green during calculation and blue
when the calculations are done.

Below the progress line, dark grey areas show when EEG is available. Light grey areas
indicate periods where no EEG data was recorded.

In the bottom line, vertical bars indicate several types of marker found in the EEG. These
bars match the time of the entries in the marker list. All marker except pattern markers are
shown. You can click on any of these bars to show the corresponding EEG in the EEG plot
below (lower panel). For more information on the possible markers, go to the section
Markers.

Effect of status filter in the marker list

When you filter the marker list by the rating status “Approved”, “Rejected”, “Uncertain”, or
“Locked” only markers with the selected status will appear in the marker line. Filtering can be
done by clicking on the icons on the top right corner of the marker list. Note that filtering the
marker list by marker type will not have any effect on the markers shown in this trace.

The blue vertical bar shows the time interval that is currently shown in the analysis traces.
The width of this blue bar is set by the zoom of the analysis traces.

Zooming in the global timeline

The global timeline has several zoom levels from 1 week to 12 months. At startup, the zoom
level will be set such that the global timeline always shows the complete EEG. You can
change this zoom level by using the drop-down menu “Zoom” on the right corner underneath
the global timeline or by using the mouse wheel when the mouse pointer is inside the global
timeline.
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Navigation in time

To navigate in time click on the global timeline. This will set the trending traces below to this
selected time. A blue bar indicates the new selected time window. You can hold and drag the
blue bar with the mouse to change its position in time.

Hold and drag your mouse at any place of the global timeline to move the global time.
Alternatively, use the arrow buttons underneath the traces to move back and forward in time.
The step size is defined in the settings, see section Page movement.

Trending traces

The traces underneath the global timeline are trending traces that are calculated
automatically. Each of the traces is described in the following sections.

1 [

|

200 uv 1 O

e

50 uv i

3
-

0% l

T T
Tue 2017-01-17 22:19

< Zoom: E0min | [

T T T T T T T
Tus 2017-01-17 22:29 Tus 2017-01-17 22:39 Tus 2017-01-17 22:49 Tus 2017-01-17 22:59 Tue 2017-01-17 23:09

Seizures and other markers

In the first trace underneath the global timeline, all seizure marker, user-defined markers and
file markers are shown as little triangles. These markers can also be found in the marker list.
The color of the triangle gives information about the marker type. In principle, the markers
that are shown are those that are automatically detected by UNEEG™ EpiSight seizure
detection. There are three different types of seizure markers:

Detection of seizure with high-amplitude tonic activity

“ Detection of seizure with large increase in rhythmic amplitude

Detection of seizure with small increase in rhythmic amplitude
and frequency change

By clicking on a triangle, the corresponding marker in the marker list will be selected and the
raw EEG at this time will be shown in the EEG traces below.

Effect of status filter in marker list
When you filter the marker list by the rating status “Approved”, “Rejected”, “Uncertain”, or
“Locked” only the markers with the selected status will appear in this marker trace. This can
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be done by clicking on the icons on the top right corner of the marker list. Note that filtering
the marker list by marker type will not have any effect on the markers shown in this trace.

For more information on the seizure detection algorithm go to section Seizure detection in
Annex 1. For more information on the markers and the possible marker types go to section
Markers.

Pattern markers

In the second trace underneath the global timeline, vertical bars show all markers that were
generated by the rhythmic pattern detection. These markers can also be found in the marker
list. The color of the bars gives information about the marker type. There are three different
types of pattern markers:

n Rhythmic delta activity including

sharp waves or spikes

Rhythmic theta activity

Rhythmic alpha activity

By clicking on the marker, the marker in the marker list will be selected and the raw EEG at
this time will be shown in the EEG traces below.

Effect of status filter in marker list

When you filter the marker list by the rating status “Approved”, “Rejected”, “Uncertain”, or
“‘Locked” only the markers with the selected status will appear in this marker trace. This can
be done by clicking on the icons on the top right corner of the marker list. Note that filtering
the marker list by marker type will not have any effect on the markers shown in this trace.

For more information on the pattern detection algorithm go to section Rhythmic pattern
detection. For more information on the markers and the possible marker types, go to section
Markers.

Amplitude-integrated EEG (aEEG)

In the third trace underneath the global timeline, the amplitude-integrated EEG (aEEG) is
shown. The aEEG trend displays the amplitude characteristics of a filtered, rectified
representation of the EEG signal as a function of time. Time is displayed on the x-axis and
the aEEG amplitude measure on the y-axis. The amplitude integrated EEG is shown on a
combined linear and logarithmic scale in the range OuV - 400 pV as defined in Zhang et al.
2013. When you click in the trace, the raw EEG at this point in time is shown in the EEG
traces below. The aEEG trend provides a simplified depiction of amplitude characteristics of
the EEG signal and is intended to be used in conjunction with other EEG trends and with the
original EEG waveforms for a complete and thorough analysis of the EEG.
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Background frequency

In the fourth trace underneath the global timeline, the background frequency is shown. The
UNEEG™ EpiSight background frequency feature consists of a continuous measure that
describes the frequency distribution of the EEG. The relative proportions of the four Berger
frequency bands delta (< 4Hz), theta (4-7.5 Hz), alpha (7.5-12.5Hz), and beta (>12.5 Hz) are
shown in the range between 0-100% as a function of time. The intensity of the colors
corresponds to the amplitudes in these four frequency bands. The amplitudes for each
Berger band, which directly correspond to the power levels in a conventional spectrogram,
are indicated by color intensities in the UNEEG™ EpiSight frequency band graph: high
amplitudes are indicated by high intensities and vice versa. The color code is the following:

"8 Betaband

a Alpha band

g Theta band
Delta band

0-200 pVf

When you click in the trace, the raw EEG at this point in time is shown in the EEG traces
below.

Navigation in time

To navigate in time, you can click in any of the traces. This will set the EEG traces
underneath to show this selected time. The blue bar indicates the new selected time window.
Hold and drag your mouse to move the traces or use the arrow buttons underneath the
traces to move back and forward in time. The step size is defined in the settings, see section
Page movement.

Zoom

The trending traces have several zoom levels from 15 min to 7 days. At startup the zoom
level is 3 hours. You can change this zoom level by using the drop-down menu “Zoom” on
the right side underneath the trending traces or by using the mouse wheel when the mouse
pointer is inside any of the trending traces.

Adjust height
You can adjust the height of the traces by clicking, holding and dragging the mouse on the
two opposite black triangles in the area between the trending traces and the EEG traces.

Spectrogram traces

The spectrogram is shown when you click on the icon “Spectrogram” in the tool bar on the
top left. The trending traces are then replaced by the spectrogram traces.
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The spectrogram describes the distribution of power over the frequency components of the
EEG data. The power spectral density is calculated for each channel using Gabor wavelets.
The x-axis represents time and the logarithmic y-axis represents the frequency. The value of
the power spectral density is show as a heat map. At a particular frequency and time, cooler
colors, as blue and green, show lower power and warmer colors, as yellow, orange and red,
show higher power. For each channel of the montage a trace is shown.

By moving the mouse cursor in the traces, you can read the exact time and frequency the
mouse is pointing at.

Set maximum intensity

The legend below the spectrogram shows the detailed color map in pV for amplitudes of
sinusoidal signals. This mapping can be interactively shifted to achieve optimal contrast for
given data. Click, hold and drag the slider “Maximum intensity” to the left or to the right.

Navigation in time

To navigate, you click on any of the traces. This will set the EEG traces underneath to show
this selected time. The blue bar overlaying the x-axis indicates the new selected time
window. Hold and drag your mouse to move the traces or use the arrow buttons underneath
the traces to move back and forward in time. The step size is defined in the settings, see
section Page movement.

Zoom

The spectrogram traces have several zoom levels from 15 sec to 10min. At startup the zoom
level is 3 minutes. You can change this zoom level by using the drop-down menu “Zoom” on
the right side underneath the spectrogram traces or by using the mouse wheel when the
mouse pointer is inside any of the spectrogram traces.

Adjust the height of the spectrogram
You can adjust the height of the traces by clicking, holding and dragging the mouse on the
two opposite triangles in the area between the spectrogram traces and the EEG traces.

EEG traces

In the lower part of the window, the EEG traces are shown. Several controls can be found on
the top and underneath that change the visualization of the acquired EEG traces.
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Adjust height
You can adjust the height of the traces by clicking, holding and dragging the mouse on the
two opposite triangles in the area between the trending traces and the EEG traces.

Navigation in time

Hold and drag your mouse to move the traces or use the arrow buttons underneath the
traces to move back and forward in time. The step size is defined in the settings, see section
Page movement. You can also use the left and right arrows keys of your keyboard to move
back and forward in time. This will move the EEG-trace one screen size to the left or right.
When using SHIFT + arrow key the EEG trace will move in steps of one second.

To move to a specific point in time you can click in the field “Position” under the EEG plot and
enter the date and time you want to see the EEG.

Montage

You can choose between two possible montages: bipolar (D-C, C-P) or three channels (D-C,
C-P, D-P). Because only three electrodes are available, we did not add a possibility to define
new montages.

Notch filter
Click on the button "On" / “Off” above the “Notch® label to switch on/off the notch filter at
50Hz or 60Hz, depending on your country.

High-pass filter
Click on the drop-down list "High-pass" and select the frequency you want for the high-pass
filter.

Low-pass filter
Click on the drop-down list "Low-pass" and select the frequency you want for the low-pass
filter.

Time resolution
Click on the drop-down list "X [sec/cm]" at the right bottom of the viewer and select the new
time resolution.

Voltage resolution
Click on the drop-down list "Y [uV/cm]" at the bottom of the viewer and select the new
voltage resolution.

Using markers in EpiSight

Special EEG events can be marked in the EEG using markers. A marker includes the
following information:
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= Type (see the different marker types)

=  Begin time

= Comment
Markers are saved with the data and can be viewed in the marker list anytime. To distinguish
different types of markers, each marker type has its own color and letter that appears as an
icon in the marker list. In the EEG traces, markers appear as colored vertical lines. The color
of the traces can be defined by the user.

Marker types
All available marker types can be seen by opening the drop-down list “All types”.

Markerlist (0 markers selected)

¥iofel o [Ola]

i= Alitypes Comment

O

m Seizure-rhythmic
[58 seizure-rhythmic +
Seizure-tonic

[SRE]

[ Pattern-Rhythmic-Detta-SW
Pattern-Rhythmic-Theta
Pattern-Rhythmic-Alpha

[ undefined

User

RO OOd

[ User seizure marker

IGi 5UTTON DOUBLE PRESSED
IGi 5UTTON PRESSED
IGi =D0F Annotation

O B iy
0 B2

O[ &

Pattern markers

Pattern markers are generated automatically by the UNEEG™ EpiSight analysis. They can
be reviewed and their status can be changed as described in section Marker status. They
cannot be deleted. Their color can be changed in the settings. For more details go to section

Marker types.

Seizure markers

Seizure markers are generated automatically by the EpiSight analysis. They can be
reviewed, and their status can be changed as described in section Marker status. They
cannot be deleted. Their color can be changed in the settings. For more details go to section
Marker types. There are three types of markers: Seizure-rythmic B indicates seizures with
large increase in rhythmic amplitude. Seizure-rythmic+ H indicates seizures with small
increase in rhythmic amplitude and frequency changes. Seizure-tonic M indicates seizures
with high amplitude tonic activity.

User seizure marker

User seizure markers are markers that can be defined by the user. You can add these
markers directly in the EEG traces. It is recommended to use this marker if you find
additional seizures in the EEG that were not detected by the automatic analysis. The status
of a user seizure marker is always locked since they cannot be rated. They can be deleted
anytime. Their color can be changed in the settings. For more details go to section Marker

types.

User seizure marker is the only user-defined marker type that will be included in the
é statistical information and the plots in the report section. The number of markers of
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type “User seizure marker” and approved markers of type “Seizure markers” will be
shown as number of electrographic seizures in the report.

User markers

User markers are markers that can be defined by the user. You can define as many different
types of user marker as you need. Section Marker types describes how to define your own
seizure marker type. The status of these user markers is locked as they cannot be rated.
They can be deleted anytime.

External marker types

External marker types are markers that are imported from the EEG files. Their type name
cannot be changed. The color and the letter can be customized. Their status is locked and
they cannot be deleted.

Marker status

The marker status can be used to rate the relevance of a system generated marker. The
status can be defined for all automatically generated markers of the type Seizure and
Pattern. The default status is empty and can be changed by the user during review.

Markers can have five different types of status:

QI Empty: This is the default status for Seizure and Pattern markers.

ﬁ' Approve: This status should be selected when the user agrees with
the marker.

'EB Reject: This status should be selected when the user disagrees with
the marker.

ﬁ Uncertain: This status should be selected when the user is not sure
about the correctness of the marker.

@ Locked: This status is set by default for all markers other than
Seizure and Pattern and cannot be changed.

Only marker rated “Approved” will be considered in the report of EpiSight. Only these
markers will be included in the statistics and the different plots.

Marker list

The marker list is visible at the right side of the screen. It shows all available markers: This
can be markers that are already contained in the EEG file, added by the automated analysis
or added manually by the user. If you do not see a marker list, go to “Settings > Show
Markerlist” to show the marker list.
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Filter by marker type

All markers have a defined type. These marker types are described in the section Marker
types. You can filter the maker list by the type of marker. Select all marker types you want to
see in the drop-down list "All types".

Markerlist (0 markers selected)

¥iole]=[Ofe)

i= Alltypes O Comment

[ seizure-rhythmic

E; Seizure-rhythmic +

Seizure-tonic

[ Pattern-Rhythmic-Detta-sw [
Pattern-Rhythmic-Theta O
Pattern-Rhythmic-Alpha O

. Undefined O
User

[ User seizure marker

|G 5UTTON DOUBLE PRESSED

IGi BUTTON PRESSED

E EDF Annotation

OR 2017-01-25
01:26:19

MR- 2017-02-01
08:35:10

O®”E

Filter by marker status
You can filter the marker list by the status of the markers. Click on the icon of the status you
want to show or hide in the marker list.

MEXKEE

This filter will also apply on the markers shown in the marker traces of the trending view on
the left.

Navigate through the list
Select the marker with the mouse or use the keyboard arrows for going up and down the list.

Sort the list
Click on the title of the column you want to sort by.

Change the fields of a marker

You can edit a marker by double-clicking in the row or right-clicking and selecting “Edit” in the
context menu of the marker list. Alternatively, you can also edit a marker with a right-click
directly on the marker line in the EEG traces and selecting “Edit marker” in the context menu.

Delete user markers

You can delete a marker or a selection of markers by right-clicking on a marker and selecting
“Delete selected” in the context menu. You can select several markers at once by selecting
the markers while holding the Crtl-key. They will then appear selected (colored in blue).
Seizure and pattern markers cannot be deleted. They can only be set to state “Rejected”.

& Markers will be permanently deleted. There is no possibility to undo this action.
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Review markers

During review, the user has the possibility to rate all automatically generated markers of the
type Seizure and Pattern by assigning a status to each item. The different types of status are
described in the section Marker status.

Only marker rated “Approved” will be considered in the report of EpiSight. Only these
markers will be included in the statistics and the different plots.

Rate markers

Markers can be rated by clicking on the icons Approve, Reject or Uncertain that appear on
the right bottom corner of the marker list as seen in the picture below. The status can be
changed anytime.

enable autematic step to next marker

Approve Reject Uncertain

[] add EEG trace in report

-ﬂ Previous Next D

Step to the next marker

If you check the box “Enable automatic movement to next marker”, the next marker in the list
will be automatically selected once you clicked on any of the status icons Approve, Reject or
Uncertain. If the box is unchecked, you can get to the next marker by selecting it in the
marker list or by pressing the buttons “Next” or “Previous”.

Add seizure example to report

By checking the box “Add EEG trace in report”, an image of the EEG around the selected
marker is generated and added to the report. The EEG will be shown 10 seconds before and
50 seconds after the marker. For more details, go to the section Report.

Adding a new marker to the EEG
A double-click in the EEG traces will open a marker window as seen below.

| Marker
AT

Vi A

Comment

Select the marker type you want to insert and optionally write a comment. “Add marker” will
insert the marker into the system. You can also add a marker by right-clicking on the EEG
traces and selecting “Add marker”.
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UNEEG™EpiSight Report

Clicking on “Report” in the data information window will open the report window of UNEEG™
EpiSight. All data entered in the report will be saved automatically when you go back to the
patient database.

Automatically generated content Clear Export to pdf

nnnnn

Fill out —

Copy automatically comment

User input to the report

On the left side of the window you can enter clinical information that you would like to include
in the report.

Report by
Enter the author(s) of the report

Reference period and current period

The reference period and the current period are used to generate the information shown on
the right side of the window. The current period is the period you are reporting. All seizures in
this period will be shown in the plots on the right side of the window. The current period is
always shown in blue.
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The reference period is a previous time period that you want to compare the current values
against. It is used to calculate the statistical information. All seizures in this time period are
included in the seizure periods plot but are not shown in the seizure periodicity figures. The
reference period is shown in grey.

Indication for testing
The indication for testing can be entered in the corresponding field.

Summary of the findings

The summary of the findings can be entered in the corresponding field. By clicking on the
button “Copy from EpiSight comment”, all comments previously entered in the patient
information screen will be automatically pasted to the summary of findings field.

Diagnostic significance
The diagnostic significance can be entered in the corresponding field.

Clinical comments
The clinical comments can be entered in the corresponding field.

Automatically generated content

The right side of the window shows the content that is generated automatically based on the
reference period and current period entered on the left side.

Patient information
The patient information added to the report is the following:

= Date of birth

= Age at study time

= Sex

= Treating physician

= Implant ID and Location

Statistical information

The statistical information shows the calculated values for the current period in blue and in
grey for the reference period. An arrow shows if the values have increased or decreased
compared to the reference period. The values include:

= Hours recorded

= Usage total

= Usage day from 7:00 until 22:00

= Usage night from 22:00 until 7:00

= Number of electrographic seizures

= Electrographic seizure rate

= Electrographic seizure rate per day recorded
= Diary entries

Seizure periods

This diagram shows the recorded EEG data and the seizures that occurred in this time
period. The x-axis represents days, the y-axis time of day. The left side of the diagram shows
the reference period indicated by the two grey triangles facing each other. The right side
shows the current period indicated by two blue triangles. The time intervals, where EEG was
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recorded are plotted in dark grey. Light grey indicates time periods when no data is available.
Dark crosses show electrographic seizures detected during the reference period. Blue
crosses indicate seizures during the current period. Pink circles depict diary entries, i.e.
double pressed and button double pressed events.

Seizure periodicity
The seizure periodicity plot gives an overview of the use of the device and the distribution of
seizures over the day and week. The number of seizures detected is shown next to “N=".

The left seizure periodicity plot “Daily” shows the average distribution over the day. The grey
and blue lines represent the average usage of the device over the day for the reference and
the current period, respectively. Time periods when electrographic seizures occurred during
the current period are shown as blue areas. The radius of the area shows the percentage of
the seizures that occurrence in each time period.

The right seizure periodicity plot “Weekly” shows the average distribution over a week. The
grey and blue lines represent the average usage of the device per day of the week for the
reference and the current period, respectively. Time periods when electrographic seizures
occurred during the current period are shown as blue areas. The radius of the area shows
the percentage of the seizures that occurrence in each time period.

A Only markers rated as approved are counted.
& Only markers of type “seizure” and “user defined seizure” are included in this plot.

A Only seizures occurring during the current period are shown.

Seizure rate over time

This diagram shows a histogram giving the number of seizures per day for the reference
period in comparison the current period. Reference period and current period are indicated
by the two grey and blue triangles facing each other, respectively.

Exemplar electrographic seizures

This section contains images of the EEG surrounding a marker for which the “Add EEG trace
in report” checkbox has been checked as described in the Add to report section. An image of
the EEG around the marker is generated and added to the report. The EEG will be shown 10
seconds before and 50 seconds after the marker.

& Only markers rated as approved and added to the report will be shown.

Clear all

Clicking on the button “Clear all” will delete all fields and return the values of the reference
and current periods to the default values. For the default settings, the entire time range for
which EEG data are available is selected. For the reference period the first half of this period
is selected. The current period will cover the second half of the available EEG data.

Create pdf
Clicking on the button “Create pdf” will start the export of the report to a pdf file. In a dialog
the filename and the path to the file can be chosen.

© AIT Austrian Institute of Technology Page 32 of 42
Document ID: 2103301420 Errors and omissions excepted



encevis

powered by AT

UNEEG™EpiSight Settings Menu

Several settings can be selected for UNEEG™ EpiSight. You open the settings menu by

clicking on the settings button in the upper right corner.

:elected)
-
A.
egin
-13

General settings

Selecting “General settings” leads you to a window with the four tabs. The settings apply to
all patients and data equally. Please note that changes in the settings will only be applied

after restarting EpiSight.

Marker types

- O

X

& [

UMEEG host | Settings _ Help

General Settings

Dizplay calibration

»  Show Markerlist

@ Settings

Markertypes  EpiSight database  Language  Page movement

System marker types

Type name
Pattern-Rhythmic-Alpha
Pattern-Rhythmic-Defia-SWW

Pattern-Rhythmic-Thet

Selectiontype.

aliChannels

aliChannels

User marker types

Type name

Selection type Color

atcnannes [

Add new marker type.

allChannels

alichannels

Selection type. Color

allChannels.

In this tab, you can see which marker types are available and how to manage them.

System marker types

System marker types are the default marker types of UNEEG™ EpiSight. They include:
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= Pattern marker
= Seizure marker
= User seizure marker

You can define the color of each marker type by double clicking on the field "Color". The
color will be used for the icon in the marker list, in the timelines of the trending area and in
the EEG trace. You cannot rename these marker types or change the letter that appear in
the marker list icon.

User marker types

User marker types are all marker types defined by the user. You can add new marker types
by pressing the button "Add new marker type" and define the name, the color and the letter
that will appear in the marker list icon. The color will be used for the icon in the marker list, in
the timelines of the trending area and in the EEG trace.

External marker types

External marker types are marker types defined by the different EEG recording systems. For
UNEEG™ EpiSight only the EDF file format is supported. You cannot add new markers here,
but you can change the color and the letter that will appear in the marker list icon. The color
will be used for the icon in the marker list, in the timelines of the trending area and in the
EEG trace.

EpiSight database

@ Settings ? >

Markertypes EpiSight database Language Page movement

Select where EpiSight should stere vour markers and the results of EpiSight analysis.

© Local storage - Access by one user at a time

Firebird database file: |C./ProgramData/ATEpiSight.FOB

O Network storage - Access by multiple users simultaneousty

Database name:
IP address: o Port: |3306
Username:

Password:

Notice:
Changes in these settings will only be applied when restarting EpiSight.

Save Cancel

UNEEG™ EpiSight stores markers and results of the UNEEG™ EpiSight calculation in a
database. You can store this database at several locations:

Local storage - Accessible by one user at atime

This is the best mode, when the results of your review with UNEEG™ EpiSight should only
be accessed from your local PC. Only one user at a time can then access the results. You
can leave the file name at the default value or select a personalized name.
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Network storage - Accessible by multiple users simultaneously

This is the best mode, when you want to access the results of your review with UNEEG™
EpiSight from several PCs in your network. With this option several users can access the
results at the same time. If you want to use this option, you will need a dedicated database
server. UNEEG™ EpiSight supports the database systems MySQL and MS SQL server over
ODBC. Please contact your IT administrator to set up such a database system.

Please make sure that your IT administrator properly secures the database system
and always uses SSL certification for all database connections.

To use this network option, you need to specify a database that everybody using the
UNEEG™ EpiSight can access. Your IT administrator will provide you with the necessary
information shown in the screenshot below.

(@) wetwork storage - Access by muliple users simutansously © Network storage - Access by multiple users simuttaneousty
WysaL
® (O mysaL
() saL Server over 0oDBC
@ SQL Server over ODBC
e
P address: [ | Port: [3208 |
semane [ ] ooecobect [ ]
Password l:l Username: | | Password: | ‘

Please note that changes in these settings will only be applied after restarting UNEEG™
EpiSight.

Language

You can select the languages English or German.

@ settings ? hat

Markertypes EpiSight L Page movement

Language

(@ Engish () German

HNotice:
Changes in these settings will only be applied when restarting encevis.

Please note that changes in these settings will only be applied after restarting UNEEG™
EpiSight.
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In this tab, you can adjust the scroll steps of the different traces in the UNEEG™ EpiSight

viewer.

@ Settings ?

Marker types EpiSight database Language Page scrolling

Page scrolling in global time area (in % of page width)

< | >

Page scrolling in trending and spectrogram area (in % of page width)

< | >

Page scrolling in EEG area (in % of page width)

Note: The percent value choosen will be rounded to full second values.

< | >

Save

50 %

50 %

50 %

Cancel

Use the sliders to select values between 1% and 100%. The selected percentage of the
current window length will then be used as the page feed when moving from one page to the

next.

Display calibration

This setting adjusts the UNEEG™ EpiSight visualization to the display that you are using.
Selecting “Display calibration” opens the following window:

@ Display calibration ? s

You can calibrate the software for the display you wish to use by following these steps:

1. Place this dislog on the display you vish to use
2. Take a ruler and select # your ruler s in cm o in inch
(@ colibrate incm () calibrate in inch

3, Measure the rectangle height and enter the value in the fiekd on the left side of the rectangle.
4. Mezsure the ractangle width and enter the value in the fisd below the ractangle,

Rectangle height
-
Rectangle width
-
5. Cick on "Apply” to store the settings. You can changs them lster on. TF you don't want to save your changas, cick on
“Cancel".
o
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Follow the instructions in the window. Measure the rectangle height and width and enter the
values in the corresponding text boxes. Then click on “Apply”.

Show marker list

Check the box on the left on of “Show marker list” in order to switch on and off the marker
list in the UNEEG™ EpiSight trending.
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Appendix A
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Description of the algorithms

UNEEG™ EpiSight seizure detection

The UNEEG™ EpiSight seizure detection is based on a computational method which
automatically detects epileptic seizures in digitized EEG. EEG segments with artifacts like i.e.
excessive amplitudes or artifacts from loose electrodes are removed automatically and are
not used for detection. This will avoid false alarms based on measurement problems.
Frequencies below 0.7Hz and above 70Hz are removed by finite impulse response filters.
Line noise is removed with notch filters at 50 and 60 Hz. The EEG is then scanned for
rhythmic patterns in the time and frequency domain. An energy detector scans for tonic or
tonic-clonic seizures with strong muscle artifacts. All extracted features are normalized by a
spatio-spectral model of the brain activity that is continuously updated by past information
from the EEG. A set of classifiers is used to remove events with physiological origin. The use
of these adaption and classification algorithms avoids repeated detections of physiological or
pathological patterns that are no seizures and is therefore another important mechanism to
avoid excessive false alarms. Further details can be found in [Firbass et al., “Automatic
multimodal detection for long-term seizure documentation in epilepsy”; Clinical
Neurophysiology 128 (2017) 14661472, May 2017].

UNEEG™ EpiSight rhythmic pattern detection

UNEEG™ EpiSight rhythmic pattern detection is based on a computational method, which
automatically detects rhythmic EEG patterns in digitized EEG. Three different types of
patterns are detected. Rhythmic delta activity including sharp waves and spikes (Rhythmic-
Delta-SW) is defined as repeating discharges with uniform morphology without an inter-
discharge interval with a frequency up to 4Hz that come with frequent intermixed sharp
waves/spikes or a sharply contoured pattern. Polyspike, spike or sharp wave consistently
followed by a slow wave in a regularly repeating and alternating pattern are also detected.
Rhythmic theta activity (Rhythmic-Theta) is defined as repeating discharges with uniform
morphology without an inter-discharge interval with frequencies between 4-7.5Hz. Rhythmic
alpha activity (Rhythmic-Alpha) is defined as repeating discharges with uniform morphology
without an inter-discharge interval with frequencies between 7.5-12Hz.

At the beginning, EEG segments with artifacts like i.e. excessive amplitudes or artifacts from
loose electrodes are removed automatically and are not used for detection. This will avoid
false alarms based on measurement problems. Frequencies below 0.4 Hertz and above 70
Hertz are then removed by a finite impulse response filter. The signal in each bipolar channel
is divided into segments that represent spikes, waves, or any other discharge item with
durations between 40ms and 1.5s and amplitudes above 20uV. The wave segmentation
procedure scans the EEG signal in the time domain for arbitrary peaks with more than 20uV.
Each peak is then extended on both sides as long as the waveform lies above two projection
lines that start at the borders of the starting peak and have 20% reduced slope value. All
resulting wave segments below 40ms and above 1.5s are dropped. These single-channel
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segments are then combined over all channels. The resulting segments are then marked as
spike, sharp wave, or non-spike segment by a spike-detection algorithm. The resulting
segments are also used to build groups representing Rhythmic-Delta-SW, Rhythmic-Theta
and Rhythmic-Alpha segments as described above. The next step checks if a pattern meets
minimal requirements for duration and the number of discharges. Patterns that do not meet
these criteria are discarded. Finally, segments of equal pattern type are concatenated to
groups with a maximal duration of 30 seconds. More details of the algorithm can be found in
[Firbass et al., “Automatic multimodal detection for long-term seizure documentation in
epilepsy”; Clinical Neurophysiology 128 (2017) 1466—1472, May 2017].

UNEEG™ EpiSight aEEG

UNEEG™ EpiSight aEEG calculate and visualize a continuous measure that describes the
EEG by showing the aEEG as defined in [Zhang, D., Ding, H., 2013. “Calculation of compact
amplitude-integrated EEG tracing and upper and lower margins using raw EEG data.” Health
(N. Y.) 05, 885-891”, http://dx.doi.org/10.4236/health.2013.55116]. The method describes an
algorithm to calculate aEEG for single EEG channels.

Channel-wise calculation of aEEG starts by applying the asymmetrical filter to the EEG
channel. The frequency response is approximated using a finite impulse response filter that
implements the specified 12dB per decade increasing filter response in the range of 2 to
20Hz. The filtered signal is called x;,. Then, the envelope detection of the filtered time series

data is implemented by applying a low pass filter h;,, to the signal.

le(t) = (lxbp(t)l) * hlp

The filter impulse hy,, is a raised cosine window of length 2 f;/f,,,, where f; is the sampling
frequency, fi, is the cutoff frequency of the lowpass. In our implementation f;,, = 2. The
impulse response is shown in the following figure:

pirf_Ipif_s

0 i
f s Ip 0 f s Ip

Impulse response of the aEEG

This implementation will result is a smoothened line which will be sub sequentially used as
amplitude feature y,gg; . After smoothening, non-overlapping segments of 0.5 seconds are
defined, and the maximum and minimum value of each segment is calculated. Then the
average value of the maximum and minimum segment values over all channels are
calculated respectively resulting in values aEEG_max and aEEG_min. The amplitude-
integrated EEG plot of UNEEG™ EpiSight visualizes these average values by drawing a line
between aEEG_max and aEEG_min as well as connection line between them.
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UNEEG™ EpiSight background frequency

The UNEEG™ EpiSight background frequency feature calculates and visualizes a
continuous measure that describes the EEG by showing the frequency distribution of the
EEG. The relative proportions of the four Berger frequency bands delta (< 4Hz), theta (4-7.5
Hz), alpha (7.5-12.5Hz), and beta (>12.5 Hz) are shown. The intensity of the colors
corresponds to the amplitudes in these four frequency bands.

For the calculation of the frequency band measures, the input signals are divided into
segments of three seconds duration. Then the dominant frequency band for each segment is
determined, i.e., delta, theta, alpha or beta. The relative frequency of the dominant Berger-
bands is calculated within windows of 15 seconds. The amplitude for each Berger frequency
band is determined as an average over all segments that have been assigned to that
frequency band respectively. The amplitudes for each Berger band, which directly
correspond to the power levels in a conventional spectrogram, are indicated by color
intensities in the UNEEG™ EpiSight frequency band graph: high amplitudes are indicated by
high intensities and vice versa.

UNEEG™ EpiSight spectrogram

The spectrogram calculates a continuous wavelet transform of the input data. This transform is
implemented as a bank of FIR filters using different, scaled versions of an analytic Morlet wavelet (or

Gabor wavelet)
24BW
fmax

vt )= ) xm@wie—o.

apw

T=—2
max

Each of these filters corresponds to a specific frequency f in the resulting time-frequency (TF)
representation. The impulse response of the filter for frequency f is defined as

_tf
A A

apw T

Note that the energy of this wavelet is centred around frequency f and that the scaling is such, that the
convolution with a sinusoidal signal of amplitude 1 at frequency f leads to an output signal of constant
amplitude 1.

The frequency points f]. used for the analysis are determined with

J lo Smax
f} =fmin eNf_l (fmin>:j: 0, ...,Nf —-1.
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The convolution is executed at a sampling rate of 2f;,.,, therefore the input signal is initially down-
sampled to this rate. After convolution a second down-sampling step with a factor of d is executed.
The last step is the calculation of intensities in dB using the equation y = 20 *log,, x dB"."
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