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1. Before You Begin

Thank you for purchasing this VariaCardio TF5 system.

The operating instructions that are found in this manual should be followed carefully to
ensure many years of reliable service. Please read these instructions thoroughly before using
the VariaCardio TF5 system.

The operating instructions should allow the average user to become familiar and proficient in
the review and editing of patient records generated by the VariaCardio TF5 system. This
manual does not teach the operator to recognise or to interpret the records. That

information is beyond the scope of this manual. An overview is described later in this
document.

Manufactured by: MIE Medical Research, Ltd. for

Advanced Medical Diagnostics Group, Ltd.
6, Wortley Moor Road, Leeds, LS12 4JF
United Kingdom

Phone: +44 (0)113 279 1010

Fax: +44 (0)113 2310 820

Website: http://www.amdgmedical.com
E-Mail: TF5@amdgmedical.com

Your VariaCardio TF5 system Serial Number:

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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1.1 Warnings

Do not operate the VariaCardio TF5 system on a patient with a heart
pacemaker or any other telemetrically (UHF range) programmable/controllable
device.

If a patient connected to the VariaCardio TF5 system is to be defibrillated, the
leads must be removed from the patient before defibrillation.

There are no user serviceable parts.

FCC Part 15 requirement:- This device requires a shielded interface cable
(RS232) to ensure compliance.

The operating UHF frequency range of 869.7 MHz (914.5 MHz USA only) used
for wireless ECG/RR data transfer is considered for general industrial, scientific
and medical use (‘ISM band’). Therefore, it might casually be possible that
disturbance caused by another wireless device working on the same operating
frequency occurs. This situation means in no way any hazard for patient.
However, it might be necessary to use another operating frequency for your
VariaCardio TF5 to work correctly.

User changes or modifications not expressly approved by AMDG/MIE could
void the user’s authority to operate the VariaCardio TF5.

Exclusions:

Do not store or operate the VariaCardio TF5 system in a sterile, wet, damp or
dusty environment.

Do not use the system in areas with explosive and / or inflammable gases.
Do not store or operate the system in direct sunlight

Only use antennae provided with the VariaVardio TF5 system.

Regulatory:

FDA: This instrument is a Class Il, Type B Applied Part device.
CE: This device is a class 2a device with a measuring function.
Accuracy is = 1ms R-R interval measurement (equivalent to £+ 0.1%)
Suitable for continuous use.
Use only battery charger supplied.
This Product complies with:
o Electromagnetic compatibility FCC CFR 47, parts 15.249 for
intentional radiators
o0 Electromagnetic compatibility FCC CFR47, parts 15.109 for
unintentional radiators
0 Electrical safety EN 60601-1:1993
0 Electromagnetic compatibility EN 60601-1-2:1993, EN 61000-3-
2:1995, EN 61000-3-3:1995, ETSI EN 300 220-3 V.1.1.1. (2000-
09), ETSI EN 301 489-3 V1.2.1 (2000-08)
Use only AMDG/MIE approved accessories to maintain integrity.

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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Symbols:

& Warning — read instructions before use
MM, Y Date of manufacture — MM.YY

% Type B Applied Part

TX FCC ID: HH4TF5-TX Transmitter Federal Communications Commission
Identification number

RX FCC ID: HH4TF5-RX Receiver Federal Communications Commission
Identification number

This device complies with part 15 of the FCC Rules, Operation is subject to the
following two conditions: (1) This device may not cause harmful interference, and (2)
This device must accept any interference received, including interference that may
cause undesired operation.

CE 0120 This product is CE certified with notified body 0120
230V~50Hz  Suitable for use on mains power supply of 220V to 240V.
110V~60Hz  Suitable for use on mains power supply of 100 to 120V 60Hz

12\ 12V dc input for charging internal battery

NOTE: NO USER SERVICEABLE PARTS.
FOR SERVICE CONTACT

MIE Medical Research Ltd
6 Wortley Moor Road,

L eeds, Tel: +44 113 2793 710
LS12 4F. Fax:  +44113 2310820
United Kingdom. e-mail service@mie—uk.com\

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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DISCLAIMER OF WARRANTY

The VariaCardio TF5 is manufactured by MIE Medical Research Limited for Advanced
Medical Diagnostics Group Ltd (AMDG). AMDG warrants only that the product is free
from defects in the materials and workmanship under normal usage, for a period of
12 months after receipt, and any implied warranty is also limited to 12 months.

The warranty for the TF5 is based on following the instructions indicated in the
“instruction and technical manuals”. However in no event shall MIE Medical Research
Limited be liable for any damages whatsoever arising out deviation from these
instructions.

This manual provides information for the operation, set-up and care of the
VariaCardio TF5 system. The system does not require a trained technician to
determine fiducial points and/or pattern recognition to achieve its specific
performance. All analysis is performed automatically within the unit using the
parameters set at the beginning of the procedure. The physician or the operator may
perform editing of the obtained data immediately at the end of the recording session
or any time later.

1.2. VariaCardio TF5 Help Line

Advanced Medical Diagnostics Group provides a help line for all your technical and
other questions Mon-Fri between 9:00 AM and 5:00 PM of UK time:
Phone: +44 (0)113 279 1010
Fax: +44 (0)113 2310 820
Website: http://www.amdgmedical.com
http://www.mie-uk.com
E-Mail: TF5@amdgmedical.com

1.3. Caring for the VariaCardio TF5 System

Cleaning instructions:

The system may be cleaned with any non-corrosive disinfectant commonly used for
superficial skin disinfection purposes. Use a damp cloth to clean the instrument.

Do not expose the system to steam, corrosive liquids, high temperatures or any kind
of radiation/sterilisation. This equipment is not protected for the ingress of liquids.

Shipment/transportation and long-term storage:

The system has been thoroughly checked in standard transportation environments
e.g. air, road, raill & sea. There was no deterioration in its safety or function
recorded. The instrument should be stored in temperatures of between +5 and +35
°C and humidity up to 75%.

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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Inspection and service:

The manufacturer recommends the system to be thoroughly checked once every 2-
years. This check will be performed exclusively by the manufacturer or its local
authorised service centre. Please contact your distributor for more detalils.
Unauthorised servicing of this equipment voids any guarantees and the manufacturer
or distributor cannot accept any liability as to its proper functioning or safety.

Environmental information:

The system includes a Lithium ion battery, which is to be replaced exclusively by
authorised facility. If the system is to be inactive for long periods of time, please
contact your distributor to ensure all local environmental laws are met.

Technical information:
There are no serviceable parts inside. Exchange of internal battery will be provided
only by your authorised service centre. Please contact your distributor’s office.

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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1.4. Technical and Safety Notes

Safety:

The system must be connected only to computer complying to EN 60950. Use only
the connecting cables supplied with the system (<3m).

Installation requirements: The system must be installed at a minimum distance of
1.5 m from the patient, or the computer must be connected to a separating
transformer. Take care of possible hazards caused by the summation of leakage
currents when several electronic instruments are interconnected.

Use only the AC/DC adapter delivered with the system. Check if the voltage of the
power supply matches your local mains supply (110/220/240 V).

The chest belt with flat electrodes used in the VariaCardio TF5 is manufactured to
conform with the MDD 93/42/EEC (AUT76 1032-029-98). Additionally, during the 5-
years practical experience - no side-effects or bio-incompatibility effects related to
the use of this chest belt have been reported.

If the ECG amplifier is inoperable due to an overload or saturation, the yellow LED on
the transmitter stops blinking (according to EN 601-2-25, clause 6.8.2).

The VariaCardio TF5 complies with Medical Device Directive 93/42/EEC, including the
international standards of electrical safety and electromagnetic compatibility.

Physicians’ review:

The ability of trained people to recognise certain patterns can be better than
machines in certain circumstances. Therefore the user should be aware of the
fallibility of such equipment in performing these tasks. This caveat applies to the
various artefact/pattern recognition tasks performed by all ECG analysis systems
including the TF5 system. Therefore, no significant diagnostic/treatment decisions
should be made solely based on the results of the equipment’s analysis. In such
cases, users should satisfy themselves with the accuracy of the equipment’s analysis
by confirming it with the underlying heart beat/ECG data as contained in the
obtained records.

Recommended PC equipment:
For problem-free use of the VariaCardio TF5 system, you should use a dedicated IBM
PC-compatible computer with the following
(&) minimum specifications: CPU Pentium 200 MHz, 32 MB RAM and 10 MB of
available hard disk space (optionally, a notebook with identical features), 1
free serial port, with MS-Windows version 98, Second Edition and any
commonly used printer, or
(b) optimum specifications: CPU Pentium 111 500 MHz and higher, 64 MB RAM and
20 MB of available hard disk space (optionally, a notebook with identical
features), 1 free serial port, with MS-Windows version 98, Second Edition
/2000, and laser (colour) printer.

Notice:
In accordance with an ongoing development and improvement of the technology, the
manufacturer reserves the right to change/adapt any procedure used in the system.

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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2. General Description

VariaCardio TF5 is a telemetric, on-line, computer-aided system for the
examination of heart rate variability, based on its time-domain and
frequency-domain (spectral) analysis. The system can be used in any
clinical or research environment.

The system telemetrically collects and stores data derived from one-channel ECG
(both, intervals between consecutive normal R waves, and ECG signal separately)
obtained during a standardised modified orthostatic test (within positions
supine/standing/supine, each of them being 5 minutes long) or during a battery of
cardiovascular reflex tests. Such a test is performed under strictly standardised
conditions excluding any external disturbance. An option to evaluate the test is then
immediately available, this enables the user to get a quick, accurate, quantitative,
highly standardised and evidence-based information on the current state of a
examined subject that can be used in the further decision making process.

Analysis of heart rate variability has been accepted by the medical community to
assess cardiac autonomic function fully non-invasively, to explore the
pathophysiological mechanisms of heart diseases, to evaluate effects of therapy
and/or to predict long-term prognosis.

2.1. Parts of the VariaCardio TF5

Hardware:

(1) An adjustable chest belt with two flat electrodes and an on-board MCU-based
signal-analysis unit combined with built-in battery-powered UHF-transmitter,

(2) An UHF-receiver connected directly to an IBM-PC compatible computer via the
serial port via an RS-232 connection,

(3) AC/DC adapter, cables, accessories.

UHF-Receiver

Chest belt with
UHF-Transmitter

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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Software:

A data collection, digital encoding, transmission and analysis software package
enables the transmitted data to be displayed, stored and edited. The patient heart
rate variability data and ECG can be displayed online and analysed offline in different
graphical forms and can be printed out together with standardised statistical reports
on any commonly used printer.

The system offers the following examination features:
e A short-term spectral analysis of the heart rate variability using a Fast Fourier

Transform permitting a quantification of the influence that individual components
of the autonomic nervous system have on the heart rate. The variability is
evaluated by following indices: (a) in “frequency domain” - absolute and relative
spectral power in two or three frequency bands, their ratios, total and cumulative
total power, power spectral density, average frequency, (b) in “time domain” -
averaged R-R interval, its standard deviation and MSSD, usually in 3 examination
intervals (of 300 seconds each). The system offers the possibility to monitor the
instantaneous heart rate (time resolution 1 ms) and spectral curve in real time on
the computer monitor.

e Commonly used ‘gold-standard’ Ewing’s battery of cardiovascular autonomic
function reflex tests, including a registration of changes in the heart rate during
relaxed and deep breathing, Valsalva maneuver and orthostatic load. System
enables an immediate statistical evaluation of all commonly used indices and
offers a possibility to store, print and/or process patient data.

e Single channel ECG with a time resolution of 2 ms, with a possibility to
continuously monitor, store, print and/or process patient data.

It is possible -- due to the UHF-radio telemetric data transfer -- to perform the

examination from a distance of 20-30 metres or longer, e.g., in a separate

examination room.

2.1.1. Chest Belt with UHF-Transmitter

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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a) Overview - The UHF-transmitter consists of an adjustable chest belt with two

integrated flat rubber electrodes. The single channel ECG and R-R interval is sent
to an on-board signal-conditioning unit incorporating a central processing unit
microchip. The data is analysed prior to transmission. The ECG signals are
sampled at 500 Hz whereas the R-R intervals are sampled at 1000 Hz. Another
data channel is used for checking the transmitter battery voltage level.

b) Front panel — The front panel has two Light Emitting Diodes (LED’s). The yellow

one indicates that data transfer is functioning. The green one is used for indicating
the charging procedure. A miniature power switch switches the telemetric unit on
and off.

c) Bottom panel - contains an input socket for connecting the AC/DC adapter cable

(for the transmitter battery charging).

AC/DC adapter ‘

input socket for connecting
the AC/DC adapter cable

Technical data:

Data acquisition:

Two flat rubber electrodes
sampling rate for ECG signal 500 Hz
sampling rate for R-R intervals 1000 Hz

Transmission:

output power 10 mw

operating frequency range 869.7 MHz (914.5 MHz USA
only) (ISM Band; for local radio frequency approval check the
Technical files or contact your distributor)

supply voltage (integral rechargeable Li-lon battery) 3.7 V DC

operating time (continual transmission) more than 10 hours

dimensions (LxBxH) 80x40x30 mm

weight including battery (without chest belt) 160 g

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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2.1.2. UHF-Receiver

a) Overview - The UHF-receiver is housed in a metal case with two BNC connectors
for the antennae on the top. The received data is transferred via the RS232 port
to a computer.

b) Front panel - Contains two LED-diodes (yellow one signalling power is ON, green
one for checking of functional data transfer)

c) Back panel - Contains one outlet connector CANON for the connection cable into
the computer (via COM1 or COM2 port) and one connector for the AC/DC adapter.
A power switch switches the receiver ON and OFF.

Technical data:

e operating frequency range 869.7 MHz (914.5MHz USA
only ISM Band)

e sensitivity 0.3 uv

e antennae lambda/4 type

e communication protocol RS 232 (IBM-PC)

e supply voltage 9-12 V

e dimensions (LxBxH) 170x115x30mm

e weight 390 g

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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panel of UHF-receiver

=

power switch switches
the receiver ON and OFF.

outlet connector for connection
cable into computer

AC/DC adapter: (complies with IEC 60-601).

Important notice:

e Testing of functionality is only possible when the whole system is in
operation, i.e., the transmitter broadcasts regular signals -- the yellow LED diode
is regularly blinking according to the current patient’s heart rate, the receiveris on
/yellow diode/ and receives data /green diode/, and it is connected to a computer
on which the respective program is running.

2.2. Other Components / Printer

By arrangement, the systems can be delivered with an IBM-PC compatible computer
and monitor. Minimum operation system requirement is a MS-Windows version 98 or
higher.

When installing the program on to a PC, it is highly recommended to dedicate this
computer only to measurements of the autonomic nervous system. If the system is
installed on a computer that is used for another purposes, there is a risk that
software conflict may occur. In this case the manufacturer of VariaCardio TF5 cannot
be held responsible for any damage incurred to the system and its use.

The system runs with any standard (commonly available) printer. For better
documentation results it is recommended to use an ink-jet or a laser printer. For
professional presentations it is highly recommended to use a colour printer (ink-
jet/laser). After software installation check the appropriate printer installation (see
Chapter Options/Adjustment).

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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2.3. AC/DC Adapter for a Transmitter Battery and Guidelines
for its Charging

The transmitter contains a battery (3.7V Li-lon), which provides a minimum of 24
hours continuous operation. For charging, use exclusively the AC/DC adapter
supplied.

Charging:

e Plug in the AC/DC adapter’s connecting cable into the input socket located in the
bottom panel of the transmitter.

e Plug in the mains cable of AC/DC adapter into the mains supply: the control
green diode on the adapter turns ON and the charging LED-diode on transmitter
also turns to green. After the battery is fully charged, the green diode turns off
and another LED-diode on the front panel of the transmitter turns to yellow.

e The charging process is controlled by electronics in the transmitter; there is no
risk of damage to the battery.

IMPORTANT NOTICE: While charging, the transmitter must
not be used on a patient!

2.4. Production, Testing, Warranty and Technical Support

The electronic components in the transmitter use surface mount technology. Prior to
final assembly, the circuits are checked and the whole system undergoes an 8-day
uninterrupted burn-in test with all functions tested.

Warranty:

Advanced Medical Diagnostics Group (AMDG) guarantees the VariaCardio TF5 when
new, to be free of defects in material and workmanship and to perform according to
the manufacturer’s specifications for a period of one year from the date of purchase
from AMDG or its authorised distributors or agents. AMDG will replace any
components found to be defective or at variance from manufacturer’s specifications
within this time. It shall be the purchaser’'s responsibility to return the instrument
directly to AMDG or its agents, post-paid.

This warranty does rnot include cables, batteries and other accessories that are not
products of AMDG. This warranty does not include breakage or failure due to
tampering, misuse, neglect, accidents, modification, or shipping. This warranty is
void if the system is not used in accordance with the manufacturer’'s
recommendations. This warranty is void if unauthorised or unqualified persons
attempt to make repairs. The warranty entitles the owner of the equipment to
replacement of the part(s) or unit at AMDG’s discretion. Purchase date determines
warranty requirements. In the case of a defect or other warranty service, please call
the authorised distributor AMDG for a Return Material Authorisation Form and return
the unit post-paid directly.

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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The software is not guaranteed to function in every application or with non-standard
hardware and software. The warranty does not extend to damage to equipment
resulting from alteration, misuse, negligence, abuse, accident, unauthorised service,
vandalism or acts of God. A yearly check-up in AMDG or its authorised centres is
recommended; check of the system once in 2-years period is requested. Please
contact an AMDG representative for more details.

Technical support:

Is provided Monday to Friday (9am — 5pm UK time). Repairs are normally made
within 72 h (excluding shipping and other relevant operations), by replacing the
defective part/or the whole device, during the warranty period free. After the
warranty period, repairs will be billed according to the current company pricing
policy. The above mentioned technical support is exclusively provided by AMDG or its
authorised partners.

Helpline:
Advanced Medical Diagnostics Group provides a help line for all your technical and
other questions Mon-Fri between 9:00 AM and 5:00 PM of UK time:

Phone: +44 (0)113 279 1010

Fax: +44 (0)113 2310 820

Website: http://www.amdgmedical.com
http://www.mie-uk.com

E-Mail: TF5@amdgmedical.com

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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3. VariaCardio TF5 Program Principles & Control

The VariaCardio TF5 (a) hardware is operated by using the power switch buttons
located on the transmitter and receiver and (b) software by program commands,
see below. Switch each button slowly and firmly, then release and check the
corresponding LED diode is on/off.

3.1. What the Switch Buttons Mean

(1) On transmitter: Turns the transmitter on and off (please be sure that the
transmitter is switched off after the examination)
(2) On receiver: Turns the receiver on and off

3.2. What the LED Diodes Mean

(1) Yellow LED diode on transmitter. After switching on, the transmitter informs
on occurrence of every detected R wave (heart beat) by short blinking of yellow
LED diode. Usually, the diode blinks in regular intervals around 1 second.

If an artifact / ectopic beat is detected, /rregular blinking occurs. Typically, this
might happen when changing the examination position. In an extremely rare
case, a quick irregular blinking might mean a severe cardiac arrhythmia.
Therefore, in such cases immediately check the ECG signal and provide
appropriate diagnostic/therapeutic steps.

Green LED diode on transmitter is activated when the battery in the
transmitter is charged. When the charging process is finished, the green LED
diode turns off and the yellow LED diode constantly lights instead.

It is acceptable to leave the AC/DC adapter connected to the transmitter after the
charging is finished as the electronics within the transmitter prevents any
overcharging automatically.

(2) Yellow LED diode on receiver shows the receiver is on.

Green LED diode on receiver displays transmission/reception of data.

3.3. What is the Normal Operation Setting

Chest belt is positioned on the patient (for details, see the How to adjust the
belt chapter) and UHF-transmitter is switched on.

UHF-receiver is switched on, antenna is mounted on the top.

There is a connection cable between back panel of UHF-receiver and
COM1/COM2 port on the back of PC.

AC/DC adapter is plugged-in, adapter cable is plugged into the back of UHF-
receiver.

Heart rate variability program runs on a dedicated computer with appropriate
operation system.

During the normal operation the system shows regular short blinking of yellow LED-
diode on transmitter with green and yellow LED diodes on receiver constantly being

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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on, while on the PC screen one-channel ECG signal with corresponding R-R intervals
and on-line spectral curve are being constantly refreshed.

4. Operating the VariaCardio TF5

4.1. How to Install the Software

Note: Your VariaCardio TF5 system is usually installed & configured by an
experienced manufacturer’s technician or by one of authorised distributors so that it
is ready for use. In this case you can skip this section and proceed directly to next
Chapter 4.2. How to launch the application.

Important note:

It Is strongly recommended that a dedicated computer be used for measurements of
the autonomic nervous system as a conflict with other software installations may
occur. In this case the manufacturer cannot be held responsible for any possible
problems.

Installation details:

The VariaCardio TF5 software must be installed onto your PC before it can be used.
Launching the installation wizard from our CD-Browser is extremely straightforward.
Note: To avoid any potential conflicts during installation, before launching the
installation wizard, it is recommended that you close any applications you are
working in. It is also good practice to make a complete backup of your system and
your critical documents/data/files to guard against any possible damage/loss.

1. Insert the supplied CD-ROM into the CD-ROM drive of your computer.

Within a few moments you should
be presented with the CD-Browser
pictured opposite.

CL Browsear

Should the CD-Browser fail to
launch automatically it is possible

fasimll Produegis

e T—— | the ‘AutoPlay’ facility has been
- disabled on your computer. In this
LILLR LUR YR AT case you must launch the CD-
T — Browser manually:
Aagintap Haw &
T ——| Browse the CD contents by double-

clicking on the ‘My Computer’ icon of
your desktop followed by your CD-
ROM icon. Then locate and double-
click on the file ‘Menu.exe’ (may
simply be displayed as ‘Menu’).

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
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2. Clicking ‘Install Products’ will display a list of programs supplied on the CD for
installation:

To begin the installation
process, click ‘VariaCardio
TF5', launching the PRODUCT INSTALLATION

Installation Wizard. Refer to )

the Installation Wizard section isrtnpsm bt i

of this manual for details on j

'i'm.'..dlnTll_L
the installation process. .r
Once the installation process .
is complete you must click ﬂ
‘Menu’ to return the opening i

page. Here you may choose to
review our website or register
the software.

3. Finally, click ‘Exit’ to close the CD-Browser.

Installation Wizard

The VariaCardio TF5 software must be installed onto your PC before it can be used. Once
installed you may use the software without needing the CD-ROM. You must ensure your PC
meets the minimum requirements and provides the necessary ports (see the ‘Requirements’
section for more information).

The installation wizard is supplied on your CD-ROM and may be launched from the CD-
Browser. Alternatively, updates may be downloaded via the internet or emailed from our
support team; these are simply launched directly from where you saved them.

Note: To avoid any potential conflicts during installation, before launching the installation
wizard, it is recommended that you close any applications you are working in. It is also good
practice to make a complete backup of your system and your critical documents/data/files to
guard against any possible damage/loss.

Having launched the installation wizard, proceed as follows:

1. After some internal
preparation, the installation
wizard welcomes you and
confirms the application to be

Thes Tt abhinkd] Wizard vl rshell Vapsscsrdc TP o v installed. Click ‘Next’ to
oA T crfirem, Skt proceed with the installation.

.L'-.' warisl ardio TFS - InstallShdeld Wizsrd |

el omis (o Phe TnstaltShiek] Wizard Tor
VarkaCardia TFS

Important: On some systems,
the Microsoft Installer may need
WHARLNING: This eogram s protecias] by copright Law and to update  critical system
el reaties components before the
installation wizard can proceed.
You may be prompted to restart
your computer, after which the
installation wizard will
— automatically resume and proceed
Wt r concel |

as normal. In extreme cases

Prochuct Verden: L0100
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multiple restarts may be required.
. You will be presented with the
end-user license agreement
which  you should read
carefully. Use the scrollbar and
arrows at the right hand side
to scroll down the document.

In order to use our software
you must accept the terms in
this agreement. Click the
button noting your acceptance
(‘l accept...’), then click ‘Next’.

fla Warisl ardho TFS - InstallShiekd Wizad

Litense Sgresment
Plaasa rasd tha follorng bomnsa agrmamant canalully .

ENDUSEH LICEMSE AlREEMENT FOR WVAHUWCAHDIC THD SO0 TWAHE El

IMPORTANT.READ CAREFULLY: Thie Advaniad Madical Disgnostics Grup
Lid End-Usar License Agresmean] (EULAT 1S & legal ALHEEMENT batwaen
you {esther an indredual person or a s=ngle legal emity, who wil be referred to
ify Thed ELILA &8 "o ™) efed Adbearal ol Medical Diagrostics Groug Lid (efaimad
1o as “AM UL Lhd™) far b WEHLGCEHDID TFS sobwans product 1hiat
accompanms This EULA, includng any sssocaled meda, pinted malenals
and elecimong docurmaalion Ihe "Sobwars Produis™) The Softeae Poodic]

akea includes any sofwara updatas, add-on components, wab serces ardiar -
Wi e paalle o caBo bl Lo Wai: o

PR (Re— Y P Y P T R .

I I gio mok scospt e barwe in B icare s sgresment

< flack Hieock > cocel |
_ 3. Please complete the fields
LAl LS =) prompting for your customer
Lt Infarmation u information for registration.
Pligares &nbey WoRE nd imestion
Lhser Hames: 4. You may select which users the
fob, S application is made available to
Crgarzabion (useful  for  corporate or
[Py Compeny ) insticon institution  users).  Selecting
‘Only for me’ avoids the

software being placed in other
users’ start menus, but does
not prevent them manually
launching the software directly.
If you are uncertain, you
— should accept the default

— cncd_| selection. Note: A/ users’ may

require you to be logged in with administration privileges (consult your administrator).

Trill this g adion For |

" hrmﬂn_hmph[dunlﬂ
1™ iy For g [John S

< flack

. Once you are happy with the information entered, click ‘Next’ to proceed.

. You may choose where the
application should be installed:

|:_; SWannal g dey TFS - InstaliShield Wizard

Desbmalion Falder
hek ok B3 inestall b b fokdsr, o chok Change b inshsiba. 5 difanent fokder

Should you wish to install to a
location other than the default,
click ‘Change’ to select an
alternative location.

Note: If installing for ‘A/f Users’you
must select a location available to
every user bearing in mind their
privileges.

Once you are happy with the
install location, click ‘Next’ to

proceed.
spak |l
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«‘7.

7. You may select the type of installation to be performed, then click ‘Next’ to proceed.

|:_; Sanal bk des TRS - Inetalishield Wizsed

Selup Type
hioss the s bppe thet besk suts oo nesds

Pigdrie el & selup Lyps.

= [Gomplete]

ﬁ ﬂﬂnmﬂhmimhm#
AR

" Cughom

3

Clsirian wdwchy provge din [eaboris vouwant rolalled ared where Uy
vall bt weitabed. Beownereded o adearosd users,

1
Complete installation installs the full
application with all features, help,

manuals & tutorials.

Custom installation allows you to
select exactly which features are to
be installed and the individual
install location of each component.
Note: Custom installation is only

recommended for advanced users and
is not documented here.

8. The wizard has ascertained all
the necessary details to begin
installation. This is your final
chance to review the summary

of the options you have
selected.

Click ‘Install’ to begin the
physical installation process.

Alternatively, if you would like to
review/change any of the
options use the ‘Back’ button to
backtrack through the selection
process.

il Waralpedin TFS - Instaltshield Wizard
Ll iy Warial andis TFS
Tt Daerain Peahipes o sebachad are b retallad

Pl veil v Lhes DrvialShiedd WAkard sl alls VanaC oo TFS. The may

¥ bk seversl nerwber.

Sl

Cioprying ress fless
([ ]]]

|:: Wil ey TFS - InstaliShisld Wiz aed ﬂ
Beady 1o install the Pregram
T iz i neschy 10 D Netalstion

ek, Il U Do el Wcrlallatedi.

Tnstall Lescalion:
il Progenn Flssl AR,

¥ pou want to rerview or changs sy of your installstion ssttings, clide Back. Click Cancal 1o
waik e retnard

[

< fack

a2 =]

p

9. The features you selected will
now be installed. Please wait
while the process completes.
This task may several
moments.

Once complete, the wizard will
inform you as to the success of the
operation.
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10. Typically you can click ‘Finish’
to exit the installation wizard.
Note, however, if some files in
need of updating were in use,
you may be prompted to
restart your computer. These
files will then be updated
during the restart and the
wizard will exit automatically.

The checkboxes allow you to launch
the application upon exiting the
wizard and give you the opportunity
to review the release notes which
outline any last minute addendums
to the manual and provide
information on any fixes,

i Warisl ardo TFS - InstallShiekd Wizad i |

TresnallGhiedd Wiz ard Completad

The: st alShiek] Wirend has nrresshully retelad SarisCardn
TPE. Dk Finigh o eodt the wizerd,

[ Lsurch thes progran

o Shacar theie o b s eslis

enhancements or known problems with the release.

4.2. How to Launch the Application

Once installed, the VariaCardio TF5 software can be launched from your desktop or start

menu.

e S ama B

1

ui

From your desktop:

i 1. Locate and double-click on the

—

BEE L @ aged 0

‘VariaCardio TF5’ program icon on
your desktop (here highlighted in
yellow).

N.B. Depending on your settings, it
may only be necessary to single-
click the icon in order to launch the
application.

Alternatively, from the start menu:

1

Click on the ‘Start’ button.
Click on the ‘Programs’ folder from the list.
Click on the ‘AMDG’ folder.

N.B. Depending on your settings, this entry may
appear at the foot of your list rather than in
alphabetical order.

4. Click on the ‘VariaCardio TF5’ folder.

5. Click on the ‘VariaCardio TF5' program icon.

B A P e
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4.3. How to Adjust the Belt

It is important to adjust the belt on the patient’s chest so that the transmitter is
located exactly in the middle of the thorax. If the original signal is not obtained
correctly, the LED diode on the transmitter blinks irregularly or not at all. If this
happens (assuming that there is NO cardiac arrhythmia), the reason could be that
the electrical heart axis is shifted. In this case, it is recommended to shift the whole
transmitter belt to the left so that a signal is regularly transmitted again. Rarely, in
some cases, it may be necessary to turn the whole thorax belt upside-down so that
the red electrode is on the right side. You can check the general quality of the signal
on the monitor in the option/display “Hardware info” in the basic screen. Usually, an
optimal ECG signal should have a high, dominant, positive R-wave.

& Summary:

1. Adjust the chest belt on the patient’s chest (as described above, see the
photo)

2. Switch the power on the transmitter

3. Check the regularity of the yellow LED-diode signal on the transmitter and
adjust the position of chest belt if necessary

4. Switch the power on the receiver

5. Start the program and check the ECG/heart rate display on the monitor in
the “Hardware info” option. Afterwards, start measuring.

4.4. How to Adjust the Communication Receiver/Computer:

The most commonly used communication port is COM1. The default is set to COM1.
The program automatically checks for available communication ports and shows
them in the “Engineering” option, should you wish to manually adjust.
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Cable
to PC,
COM
port

Adapter to

mains supply

4.5. How to Enter the Data and/or to Control the System

Using the keyboard: simply press the key with number or letter as indicated,
or use the arrow /Tab keys to change the position on the screen and press
ENTER afterwards.

\ﬁ Using the PC mouse makes some tasks easier: where available, simply click
with the left mouse button on the symbols/icons on the screen as displayed.
While browsing the heart rate record, simply click on an appropriate heartbeat
in order to mark or select it.

“CTRL” + “KEY”
Using the ‘hot keys'enables by pressing a certain combination of two keys
(mostly CTRL or ALT + letter/number, see the underlined letters in various
program menu options) to activate a certain procedure. Where possible, for
experienced users this allows more fluent program operation while avoiding
time-consuming positioning of mouse on the PC screen or using arrow keys.
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5. Clinical Use of the System: Database

5.1. Before We Start

—— Generally, within the program, you can
move using the standard keyboard keys
7, ¥, PgUp, PgDn, Home and End, or
using the left button of the mouse (by
clicking directly on selected record or by
clicking on icons on the screen).

Also other standard Windows icons and
commands work as usual, like icons for
manipulation with active window (e.qg.,
close, minimize, restore window) etc.

= TF5 Dialog 'x|| !mportant program steps
_ | are ‘guarded’ by
alerts/warnings. These
short hints help the user

oK | to prevent mistakes
and/or errors in data
handling like e.g., cancelling the data recording too early, omitting data saving,
exiting the program inappropriately etc.

Diata not zaved! Exit without saving ?

5.2. How to Start the Program

Double click on the “TF5” icon on the I EEEEEEEEEE—
desktop. A “Welcome window” appears

and you are prompted to enter the Welcome

password that protects the program and Heart Rate Variability Analysis Program

data against unauthorised use (if function Vaia Caedio TFS [TM)

activated in ‘Engineering’ menu). Ve 1128

gl aia et
il Fiaghh Pl erssd

Pazzward: | xxxxx

Lagon Cancel
— —

Loading Database. Please wait.

After entering the password, click on
“Logon” button; that is followed by the
message “Loading Database, Please wait” (this might take several seconds
accordingly to the size of database). Finally, a basic operation screen appears. The
usual way to get started with the program is to create or select an existing subject
record in the Database. In this program option, you can add, search, read, change
or delete any information relevant (for further information see next chapter).
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5.3. The Basic Operation Screen

(1) The first line displays main program options — Database processing, HRV
Measuring, Browsing and Analysis sections, Engineering/program adjustments
and Help files. Using hot keys “ALT” + appropriate letter (as underlined) or
clicking on the option allows you to activate the submenu. You can also use

Database Meazuring Browsing  Analysizs Engineerng  Help the program icons, see
= Z . description below.
H|e| 8] 0¥ Bl P

(2) The second part below this menu includes program icons that generally
correspond with the main program menu in the first line. Whilst the basic
screen shows the database of subjects, some additional icons/options for
database handlfing can be found in this menu (Database change, Setting
database as default, Deletion of current/selected record and Deletion of
current/selected subject). Further, all icons for data processing (Data recor-
ding, Data browsing and HRV analysis/3D Display) are located there, as well.

Database B ok Perform HRV
chanae analysis and
Set this Delete show 3D display
database selected reflex tests
as default Delete subject incl. ( ) |
selectc?d al records(!) | Start mea Browse R-R data or
recor suring pha- reflex test results
se (spectra
Most of the screen is covered by Data| @ayss)  pjects and their records:
Fnad: I—
: [hie [ Mashcation [ Symptoms [
DEOEH ST ks 120 BETEE 1, Feber strest DD CAD BetablooRer, ACE | Chasl pan rmegh

Program option “Display Subjects” allows the display of all subjects found in

a selected database, these may be sorted into order by clicking on/highlighting

the relevant item column. Each database subject record consists of

(a) personal data/items (see above — ID, Surname and first name, Date of
birth, Gender, Social insurance No, Address and three user-adjustable free
text fields) and

(b) test data - heart rate variability and/or one-channel ECG record (see

below). Record details relating to the selected subject are shown in a

separate window below the main database window.

Date Mote FF hdark Strip Ecig
[ 2 /4505453 20302001 16:45:56 1270 3 G 0

In accordance with used test category, it is possible to process spectral analysis
/frequency-domain/ -- as obtained during modified orthostatic load -- or a battery of
short cardiovascular reflex /time-domain/ tests (so called Ewing battery, named
after its author, DJ Ewing). To choose one, just click on the test type option --
“Spectral Test” or “Ewing’s Test”.
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\ Y ATE 'z--'.:-lm7 rﬁ‘fﬂj?\ !'J 13 Z
Subj ect's ID and | Comments/ | Number No of No of No of Whole ECG
time point of | Notes of RR markers/ short 6- long 30- record
selected record intervals initiations | sec. ECG | sec. ECG length
recorded of meas. strips strips (continu-
interval recorded recorded ously; min)
(autom.- (manual)
artefacts)

In the “Ewing’s test” option, following record details can be found/entered:

e A

12312312

\ l:ll-CLE:lEII (5]

Subject’'s ID and | Comments/ | Ewing test type: Optionally: Blood
time point of | Notes DB — deep breathing pressure systolic /
selected record VM —Valsalvamaneuver | diastolic values
OT - orthostatic test (e.g., value“1” initial,
value“2” final)

Practical example: The following screen shows an example of reflex
tests (Ewing’s) battery recorded in subject Test J (for subject’s details
see the upper panel of the screen with a small black arrow at the left-
hand side), dated Jan 24" and 28" 2002: all Ewing’s tests of this

subject are listed in the lower part of the screen.
Fndl
| Frorae lowbs of Baih | iGareler
] M A2 Tinke [FEIF=]
[¥] [C e
|01 50 e
[FERFLE ks
] 10.07 &4 “maruals
| [z+.06 .74 forcde
Spmnctial Tt Eni'u':T-ull
[ hictm [Rext brpe [Srat-] [inget.| E [
R 2A.00L02 232015 & a ] 2 |0
[P F [Far] [EB 00 1720 15' ] [ 0 3 |0
eI FL]F2] wmOLa IniE | o m B [0
LZN AN OLAZ 1710540 W Lz0 ] 2 o
(FaciFe [ Fag ZE0LAZ ZLIERDT 7] ] (] 2 o
[P [P [FBDAZZLEANE | or |tz0 ] 2 |D
[FaFa [ Fa] [ERDl A2 T1A1Z | ™ ] 1 B |o
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5.4. Database: How to Find a Subject
Gl D

iphay Subguri | K Buberi]

1 [Gamares  [Famiowe [[aeorEm  E——— | 2ok |eiicmn | Symmons |
IHAUTED ke e I TAINEED L 1276 SEP0) Lot pirs (DA Routne =gt First pesd L] |
T TEES | bohraor Tirerais 1ATSAE Lt o Tl IO 51 0 i e[ 0 Venaly soreer  Blore Exhmastion
| FAEIETT | Ml G L] 24Ex fernde S [OSATICONT, Borsd stresd OTFeel note e FPaslpdabion
HIFSFATD | Dol ety BEDEN oA TN 12T (1, Pl miressl O DP2 CAL s by sk pasin s

By entering the first digits of ID or surname letters into the field “Find” located just
above the Database headings it is possible to find quickly the requested subject. The
corresponding subject’s personal record is indicated by a small black arrow on the
left-hand side in the Database window. Below the Database window, in the Records
section, the subject’s first recorded HRV data is marked, as well. In further data
processing, it is possible to browse personal data, HRV data or to analyse and display

the HRV data of selected subject’s record.

5.5. Database: How to Add a New Subject Record

Dizplay Subjectz I Edit Subjec{ Mew Subject

[ [

MHaote

Surname:

Firzstname:

[rate of Birth:

Gender:

01/ A1550

riale -

i edication

I~

Social zecunty Mo

|
Address: ‘

Symptoms

4dd

e Click on New Subject sheet: a single screen with personal data of the
selected subject is displayed, see above. Here it is possible to enter data of a
new subject. On completion, various standard fields (see above) can be
entered while the ID No, Surname, Date of birth and Gender are requested

items. ID checker prevents entering
identical ID or omitting to enter the
ID at all. Date of birth can be
selected in a calendar that becomes
available by clicking on the arrow in
this field, or it can be entered in
format dd / mm / yyyy. Gender
options can be selected by clicking
the arrow in the Gender field, as
well. When finished, click on Add
button to store the data.

[1ate of Birth;
[Eender;

Social gecunty Mo,;

Address

|24/06/1974 =

f
[

|

June 1974

X

1 2
3 4 5 B 7 8 9
10 11 12 13 14 15 16
17 18 19 20 21 2 23
P 25 26 27 28 29 30

< Today: 05/07/2001 C
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Dizplay Subjectz(C Edit Subject | Wew Subject

Id: Note Firzt niate

Surname: |Mueller Diata I

Firstriame: |Karin

Drate af Birkk: |24.-"|:|E.-"1 974 j M edication eragaTi

Gender: I female vI @’

Social zecunty Mo, |234|]394?42

Address: 007, Bond strest o

o Sy "'"F't':'D""St Palpitations

ata |

I carzzami

Edit option: Allows you to edit the already entered data. Click on Edit button
opens access to all information with exception of ID. When finished, the new
information on subject can be Canceled or Updated using the corresponding

buttons.
By clicking the Data button at the
right-hand side, you can open an
auxiliary data window where free text
information can be entered. Three Aux
data windows are provided for each
subject. In the main program menu
Engineering-> submenu Program
Setup-> option Aux Caption it is

T o |

Mﬂﬁmndﬁm] Dl Eveireg Fiamama | Em*s-d]

=iy mlmF‘ulmulﬂl F'rrhﬁ.ri;ljul

& prnpiom

Bimtabioek s, SCE mbibor

possible to adjust titles/headings

HE; bourdd romse of these auxiliary data windows.
um |Im . .
Bear in mind, please, that the
e il 0 Litrssst 30

newly added / edited subject’s
data must be always saved =
“updated” before any further
processing is done: use the
Update button on the screen. If
you want to cancel the editing,
simply by pressing the Cancel

button.
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5.6. Database: How to Delete a Record / Subject

Mark subject’s record to be deleted by clicking on the | [atabaze Measuing Brows

LChange Chrl+M
Set as default Chrl+D

record with left mouse button. A small arrow at the left-
hand side of database records listing appears. This
arrow identifies the record to be deleted by

Ctrl+F
Ctel+L

Delete Becord
Delete Subject

I
e Clicking on Delete Record icon |@ or
e Selecting in main program menu: Database ->
Delete Record or
e Pressing CTRL + R keys together.

Ewport Record
[mport Record ...

Similarly, the database subject can be deleted Send Record
completely -- including all records -- | | by .

e Clicking on Delete Subject icon QE( or Ea Ehlie
e Selecting in main program menu: Database -> Delete Subject or

e Pressing CTRL + U keys together.

In both cases, a security alert appears in order to guard such (sometimes
unintended) action — see below. Just confirm, please, your decision.

w. TF5 Dialog x|

Are you sure to delete recaord ?

 TF D

Are pou zure to delete subject ¢

5.7. Database: How to Change the Database / Create a New

Database
; . %l Databaze Meazunng Brows
e Click on Change Database icon or
e Open the Database menu, here click on -> Change
Change or Set az default
e Press CTRL + N keys together
Then -- in the Open database window — either enter the Delete Record  Lirl+R
file name of the database to get opened or highlight it in Delete Subject  Cii+U
a listing and click on Open command.
Similarly, if creating a new database, enter simply the Export Record
name for the new database and click Open command. Impart Record ...
send Hecord
E wit Chrl+
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5.8. Database: How to Set the Database as Default

ri A |
e Click on Set as default database icon or
e Open the Database menu, click on -> Set as default option or
e Press CTRL + D keys together
During starting procedure, program will automatically call this default database.

5.9. Database: How to Import Data Obtained by Previous
Models

It is possible to import data obtained by previous generations of VariaPulse® TF3 and
VariaCardio® TF4 systems so that you can individually compare progress of findings
over years. To do this, open Engineering submenu in the Main program menu.
Here, highlight the last option Load old data from directory. Alternatively, press
CTRL + L.

Engineering Help Then, in the “Varia load” window select the
subdirectory and/or files to be downloaded and

Cornrn etting : :
R press Read button. Progress in data downloading
g__ ; E is shown graphically. When finished, close the
Adrminiztration
. ~ TF% Varia Load CEIE
Licence
Error administration = 1.014 :|
i o
Compact Database —l?;.:::”‘“ LDE
X 1.0710
Load old data from directony 1 31;
1.005
. 1.011
window. Newly downloaded 1.0V =

files are displayed in the
currently selected database. Be aodpeeite [

aware, please, that older files Flead |
obtained by TF3 and TF4
systems are formatted

differently from the present database. It might be necessary to edit the subject
personal data (surname, date of birth etc.) before the downloaded files can be
processed.

5.10. Database: How to Compact the Database

From time to time it is useful to compact the database so that the data access is
quicker and database size gets smaller. To do this, click on Engineering and select
Compact database option (or press CTRL + O keys, see the figure above). The
process can take several minutes if the database is big, so please be patient.

We strongly suggest you to store a database copy separately from your computer.
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5.11. License, Hardlock, Data Protection & Business Issues

In order to maximally protect your sensitive data and the know-how of the system, a
special programmable, hi-tech hardlock is to be connected when using the system
VariaCardio TF5. This hardlock is connected with the PC via standard printer port
that can be found on the back of the computer. A “free” version of the TF5 program
“Engnesing  Help — that does not require use of the hardlock --
= allows browsing the pre-recorded demo data and

B0 SERING its 3-D display & analysis only. All other practical
Program 5etup steps in clinical use of TF5 require connection with
Adminiztration the hardlock that includes license data specially
pre-programmed for the individual user in order to
E rror admikistration allow her/him to make a maximum use of the
system in accordance with her/his business model.
Compact D atabase Some relevant user-specific data (see below) are
{-redd i clata hiom ditector dov_vnloadable fr.om the _conngcted ha_rdlock in the
main menu section Engineering - License.

Important notice: Bear in mind, please, that programming the hardlock as well as
adjustment of your TF5 system license conditions require — at least initially --
presence of AMDG or its authorised representative. Therefore, we strongly
suggest you to consult any step regarding such license manipulations in advance.
Otherwise, AMDG or its partners can not be held responsible for any direct in indirect
damage potentially occurring in this respect.

5.12. How to Send Records and Protocols via E-mail

Separate HRV records and/or complete examination protocols with comments can be
sent in encrypted form in order to enable consulting the data with the Remote
Analysis Centre and/or to facilitate delivery of the complete examination protocols to
related subjects. To do this, it is necessary first to adjust the e-mail addresses for
data exchange in the Engineering -> Program Setup -> Export/Send option:

i TF5 Program Setup L ;)_51

Analyziz Parametrs | Program Parametersi Frirt f—'-.ttril:uutel

Default Spectral Hesumel Default Ewing Resume  Export/Send

Export directon: |

JCAHRYD At

-mail address for record sending :

!my_recnrd@address.cnm )

E-mail address for protocol zending :

!my_prntncul@address.cnm

Save | Cloze |
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TF5 - C:A\Program Files\

Databaze Meazunng  Browsi

LChange Chrl+MN
Set as default Chrl+Dr

Delete Recard  Chil+R
Delete Subject Chil+l

E wport Record
Import Recaord ...
C Send Record )

E =it Chrl+#

.Fj-
Then, select/mark the record to be sent - simply by
moving the arrow at the left/hand side of the basic
database screen (name of the subject in the upper
part of the screen, individual record/s in the lower
part). Afterwards, selected HRV data can be sent via a
standard e-mail program (MS Outlook) by choosing
option Database -> Send Record. Whenever
connected to Internet, the data will be automatically
sent to the address indicated in the Setup.

5.13. How to Export and Import HRV Records

Using Database->Export Record or Import Record option it is possible to
manipulate the selected record of chosen subject. This is typically done e.g. when
the HRV record is to be further processed separately (export) or a record from a
different database is to be imported into another one (import). The newly generated

file can be found in the
export directory as adjusted
in the Engineering ->
Program Setup ->
Export/Send option.

i TF5 Program Setup

Analyziz Parametrs | Program Parametersl Frirt f—'-.ttril:uutel

Default S ectralHesumeI Default Ewing Resume  Export/Send

Export directon: |

JCAHRYD At

E-mnail address for record sending :

|my_recnrd@address.cnm

E-mail address for protocol zending :

|m_l,l_prntnccul@address.cnm

Save | Cloze |
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6. Clinical Use of the System: Measurements

6.1. Measurements: Spectral Test Measuring Screen

In the basic operation screen, click on icon Measuring _J (or press CTRL + S or open
Measuring option in the main program menu and select ‘Spectral test).
New screen Spectral test measuring is displayed with following main sessions:

| TF Specinal Tead Msanain
(1) Commands menu including - [
submenu items Control, Save, SIW[&| | &) o | aejes| ST 46 2
Browse, Window and Exit. Fm 1ZNZIEN Suvane Tes Dofe of Bwh 2304 62
(2) Icons menu corresponding with the | Hadess ks

above, including additionally Start L. . [, oo 2o cac [E
and Stop, Interval marking, Record 0F.

ECG icons etc., for details see below. | “=t& P [ Sawei [E0aim [aEre -

(3) Subject identification with ID, Hwcond ECE A betad
Surname and Date of birth items. Leeghisc it 70 @ | 7 @ |8

(4) Hardware info shows the current ez === [ | [Lihohoboaimiatih?
guality of data transfer/ECG in /eft B sty Thatig v
window and progress of heart rate e Lty _J b

TS . . RRA. S
over recent time in the right window. 6k} ] i
. . e HR [ /mink 76,4 9 Tewnanng &8 10
(5) Radio signal quality indicator, and s o0
4 e e Fiilee paugrane]
Battery status show current state of
these items. | we || 11 | | |

(6) Alert window below the radio
signal and battery status indicators informs you of system configuration and of possible
errors (e.g., alert ‘Receiver switched off..."). A strip with information “OK” shows normal
setting, strip blinking in orange warns of errors and possible cause of the problem
encountered is displayed. Furthermore, pre-defined user’s limits — in accordance with
pre-set/prepaid service — and currently available number of TF5 test actions are shown.

(7) Record ECG section contains data on ECG record length from pressing the CTRL + E
hot keys or clicking on ECG record icon or pressing Record button, and information on
total number of ECG records in this measuring session. The default setting ‘~=10 / +20’
shows that from the event the previous 10 seconds and following 20 seconds are
recorded (=30 seconds for each ECG record). The red button in this section shows ECG
strip recording.

(8) Artefact record section displays the number of artefacts and automatic artefact
recognition state. The button when green indicates normal heart rate data, when red
informs of automatically recognised and corrected artefacts (cardiac arrhythmia,
movement artefacts e.g., while changing position from supine to standing).

(9) Basic values window delivers exact numeric information on instantaneous R-R data:
Pulse number, Length of R-R interval in [ms], Heart rate in [beats per minute] and Time
elapsed since pressing Start button in [hrs:min:sec] (Note, please, that this total time
differs from the “Time remaining” information in the section 10).

(10) Statistic interval section is only active during recording the data for HRV analysis.
Once Mark button is pressed, analysis interval count number is shown (normally 1 — 3,
corresponding with examination procedure in 1-supine/2-standing/3-supine). Paralelly,
countdown for Time and number of Pulses remaining starts from 300 downwards.

(11) Measuring control buttons at the bottom of the window control program functions
such as Start, Stop, Save, Browse (R-R data) and (Browse) ECG.
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6.2. Measurements: How to Perform Measurement

6.2.1. Measurements: What to Do Before the Examination

Examined subject:
It should be noted that autonomic nervous system response depends on numerous
factors that influence the result of the examination:

It is recommended to refrain from smoking or drinking coffee, tea, alcohol and/or
other sympathomimetic substances for 8-12 hours prior to examination.

In patients with chronic medication, it is recommended to continue with their
usual medication and nutrition, with the exception of those using beta-blockers,
which have been shown to substantially increase the vagal tone (diagnostic
purposes!). In such case, consider an interim exchange with other
pharmaceuticals.

Subjects with insulin treated diabetes should avoid hypoglycaemia within the last
12 hours.

Medical personnel:

Be

sure that examination conditions meet the standards necessary to obtain reliable

and reproducible data:

(a)

(b)

(c)

The examination should be performed in a quiet, gently illuminated room of a
constant temperature and optimally between 8:00 AM and 2:00 PM.

Patients should be requested to lie down quietly for a preparatory phase of 10-15
min to exclude relevant emotional or external influences on the autonomic
regulation.

In general, during the examination, speaking or physical activities that are not
related to the testing procedure should be avoided.

It is recommended not to make any telephone calls or undertake any other
activities that may influence the steady state of autonomic regulations during the
examination period.

Ideally the examiner instructs the subject on the measurement procedure, enters
personal and other relevant data and leaves the examination room leaving the
examined subject alone.

Check there is no conflict with the chapter 1.1. Cautionary Information in the
Manual.

6.2.2.Measurements: What to Do During the Examination

Start the program, Select / Add the new -
subject in Database l :

Adjust the chest belt and switch the
transmitter on.

Check if the yellow LED diode on
transmitter is regularly blinking. Switch
on the receiver and check if its both LED diodes are on.
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(d) Click on Spectrum Measuring section icon _| (or press CTRL + P or
open Measuring option in the main program menu and select Spectrum).

(e) Spectral test measuring screen is displayed. Hardware info section
(object No 4, see chapter 6.1. Spectral test measuring screen) is activated
immediately. Check quality of transmitted & displayed signals (ECG and heart
rate course) in separated windows. Change the position or adjust the length of
the chest belt if necessary.

(0 1f OK Start the examination by

clicking on Start icon (or open Cagol Gove Broce Window  Eit
Control submenu and select Start
or press CTRL + Sor click the gll—”'%l —| ®|"r| '“ll""ﬁsl@ ﬂl
Start control button at the bottom).
Important notice: If for any reason it is necessary to record full-time ECG
record throughout the whole examination, please choose this special option in the

Control submenu -> Start with whole ECG, instead of clicking the Start icon
shown above.

(@) Note that -- when properly started -

- Icons setting changes consis-

tently, i.e., Start icon is disabled | Confgab==mrs Fioviie Window Exit
and Stop icon along with other !];I # |D!| @4 m|E|MA|E) ﬂ
icons related to current program

step are enabled. The same is valid for Measuring Control buttons at the
window bottom (Start, Stop, Save, Browse and ECG).

(h)  Additionally, in Basic values section (object No 9, see chapter 6.1. Spectral
test measuring screen) information is displayed on: instantaneous Pulse
number, Length of R-R interval, Heart rate and Time elapsed since pressing
the Start button.

0] Also, information on the transmitter battery status and on system
functions are displayed (objects No 5 & 6). Automatic artefact recognition
and data correction procedure starts now, as well, showing continuously
updated number of processed artefacts in Artefact record session. If
possible, leave the examination room now and perform the further
examination control / program steps from a separate room.
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(J) At the right-hand side & bottom of the screen, 3 new ‘on-line’ windows display:

e Window ‘TF5 Online HR’ displays the course of heart rate against time within
the recent approx 100 pulses (accordingly to the currently adjusted window size)

e Window ‘TF5 Online ECG’ displays single-channel ECG (time resolution 500 Hz).
It is possible to adjust the signal displaying speed and zooming by ‘drag-and-
drop’ with PC mouse (like in most other windows in the program).

e Window ‘TF5 Online Spectrum’ displays the instantaneous spectral curve based
on recent 32 / 64 / 128 or 256 heart beats. This option has no influence on the
performance of the statistics after the examination is finished and serves only for
displaying the spectral curve aduring the measurement. Also here, it is possible to
adjust the spectral curve window and zooming by ‘drag-and-drop’ with PC mouse.
Additionally, two - blue and green - columns showing the instantaneous
‘sympathovagal’ balance / spectral power distribution between low (0.05-0.15
Hz) and high (0.15-0.40 Hz) frequency bands can be found here.

o Note: The first on-line spectral curve and sympathovagal balance graphics
appear on the monitor only after the chosen number of pulses is reached (32
pulses being the minimum). In the case above a 64 pulses-window is chosen.

All these ‘ofline windows  can be

switched off/on (See the iCOﬂS) and Contral  Save Browee  Window  Exit
are fully resizable to allow the user ;lil 'TH'H !I S|4 l|l||liﬂ @Dﬂl
full flexibility to adjust the screen —=
accordingly to her/his needs. Default positions can be quickly adjusted by
clicking the icon Default windows display or pressing CTRL + D.

() When the subjects _preparatory

phase is ﬁniShed’ Mark beginning Caontral - Save  Browse  ‘Window  Exit
of the first examination interval (or

press CTRL + M or open submenu : it "_l !l @|‘\r-| |Il||l§|@| ﬂl

p
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Control -> Mark or click the Mark button in the Statistic interval session). Only
at this point +300 seconds/+300 pulses -- whichever takes longer -- the data
will be included in the final statistical analysis (see also Statistic interval

session No 10). Data obtained before and after this examination interval are
displayed in the 3-D graphics but not included in the statistical analysis.

)] Statistic interval section (No 10, for details see chapter 6.1. Spectrum
measuring screen) is now activated, additionally: examination interval number
is shown (normally 1 — 3, corresponding with examination procedure in 1-
supine /2-standing /3-supine), and countdown for Time and number of Pulses
remaining -- both starting from 300 downwards -- run.

(m) It is possible to record single-channel

ECG strips as necessary, within the | Contral Save Biovvee  window  Evit

whole examination process. By #l.L =
pressing ECG record icon (or clicking El!i \)!l @|"'-*'| mllﬁ@l@l ﬂl
the Record button within the session /Record ECG session No 7/ or pressing
CTRL + E or through program submenu Control -> ECG Record) a 30 second
strip is recorded (-10 sec / +20 sec from the event). Red button in this
section shows ECG strip recording, green button ECG recording not operating
at present. In case of choosing the whole examination ECG record (see step
/t/ in this chapter) this option is disabled.

(n)  Once the 1% interval countdown is finished by reaching 0, Interval count ‘1’
appears in the Statistic interval session and time/pulse countdowns disappear.
In this moment you can request subject for active change of position — from
supine to standing. Be aware that some seniors might need a help at this
moment.

(0) Once subject is stable and his heart rate does not display artefacts or extreme
changes related to the position change, Mark the beginning of the second
examination interval (return to step /j/ and follow the above listed procedure).
Please be aware that one of the most relevant conditions for successful HRV
data analysis is its stability (data ‘stationarity’). Therefore, wait for a while
after position change before you mark the next interval.

(p)  Once the 2" interval countdown is finished by reaching 0, Interval count ‘2’
appears in the Statistic interval section and time/pulse countdowns disappear.
Again the subject can be requested to change position — from standing back
to supine again. Afterwards, mark the third examination interval.

N After successful data collection Stop

the measuring phase by CliCking ON  Conral Save Brovee Window  Esit
Stop icon or open submenu Control - ol =i

-> Stop or press CTRL + P or click i g !l Sl | mimme) ﬂl
the Stop control button at the window bottom.

(p) Remember, please, to immediately save the collected data (click Save
icon or Save control button or Save command in main menu).
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6.2.3. Measurements: What to Do After the Examination

Ensure that you have finished the recording

correctly, i.e., after the 3™ examination Rl S D D
interval (Statistic interval count = 3), by .

clicking Stop icon or via submenu Control - 3'*' “J'ﬁ@@l H lll||§ﬁ|@| ﬂl
-> Stop or pressing CTRL + P or clicking the Stop control button at the bottom.

Save the record immediately (click Save icon or Save control button or Save
command in main menu)! Further steps lead to browsing the record and to analysis.

6.3. How to Browse/Edit the Data

Before considering the results, check the integrity of the recorded data and remove
any artefacts as necessary (by accepting/rejecting automatic recognition procedures
and/or manually). Records that contain non-processable artefacts should be deemed
as invalid and in these cases, the examination should be repeated. The same
pertains in the final statistics table if excessive non-stationary parameters are found
(i.e., statistical relative deviation exceeds approx. 20-30% in older population or
approx. 30-40% in younger subjects).

Click the Browse icon or open Browse
Contral - Szve  Browse ‘window  Esit option -> select Browse spectrum or

E|¥|i|+| ﬂ' @I!d =P ﬂi press CTRL+B keys together. A new

window (Browser) opens that consists

of several sections:

6.3.1. Browser Structure

(1) Browser commands menu

(2) Browser commands icons

(3) Overview display of whole examination heart rate time course

(4) Heart rate detailed window corresponding with the selection as in above
window. Clicking on a selected bar in the HR detail window shows at the bottom
information on the instantaneous pulse number, pulse rate and time relapsed
since the beginning of examination.

(5) Optional window displays ECG strip related to the event (artefact). This window
displays the short ECG strip only if it is automatically recorded. A standard ECG
browser can be activated in other program sessions.

(6) Artefacts processing optional window
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When browsing the heart rate record you can

either move the selection window within the examination overview — using left
mouse button and ‘drag-and-drop’ method in the window examination overview
(section 3), whilst the selected heart rate part displays “zoomed” in more detail in
the window below (section 4)

or click on the sliders at the left or right-hand side of the detailed window
(section 4) to scroll the HR data. This enables one to check the record
thoroughly, however, it takes slightly more time.

= TF5 Spectral Test - Test [1962). 20 guae'? 17:19:44
Data Ecg Analpziz  Exit 1

a1 4 k| g |2

. | E.Q L
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80 4
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Ed
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40
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e

573 574 a75 576 577 578 573 [s]

|RR[E34) =610 HR: 93,36 Time: 576107 filtered

Additionally, in the heart rate overview (section 3) or detailed (section 4)
windows the following markers of various colours can be found:

Green marker — shows the beginning of each examination interval that is
included into the final statistical analysis

Red marker - indicates artefacts automatically recognised and recorded with
corresponding 6-second ECG strip during the data collection. Artefact in form of
red heart beat vertical bar(s) is displayed in the HR detailed window (section 4)
and corresponding ECG strip -- as stored awtomatically during the examination --
in the window below (section 5).

Violet marker — corresponds with 30-seconds ECG record as obtained during
the examination. This data can be browsed simultaneously in a separate standard
ECG Browser, for example see below:
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Practical example: HR browser showing automatically recorded
artefact caused by ectopic beat (check section 5), proposed data
correction (section 6) and ECG browser located over the HR

browser window showing the long ECG strip (whole examination).
You can switch between both browsers to view details, as well.
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6.3.2. How to Find and Process Artefacts

e Window HR overview (section 3): Find the automatically recorded artefact (red
marker) in the HR overview. Move the selection window onto the red marker
(‘drag-and-drop’ the window with left mouse button).

e Window HR detail (section 4): Selected HR course is displayed. Click the /eft
mouse button and/or ‘drag’ over the artefacts to the right or left to mark them if
necessary = if not completely detected/marked by program yet (red colour bar).
The same procedure with right mouse button unmarks them (blue colour, again).

e Window ECG strip (section 5) shows g pmmrmeammmm —

corresponding ECG data while

e Window Artefacts

Duls fop pesipeis Egl

=lala| & | 9l

processing [1]
(section 6) shows  generated w

corrections in heart rate in dark blue
colour based on calculations algorithm
over surrounding normal heart beats.
Check  the proposed artefact
correction and mark/unmark the
artefact portion in the section 4 if
necessary. In general, the heart rate
course should be smooth (we suggest
the exclusion of ectopic beats, as

I 1M F T 4m O E ™0 WA 1M TN

segamauECENERE

n LA o] g =T | I

well, see the figure).
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e Progress to other artefacts and use the same procedure. Once satisfied with
artefacts processing, press the Save icon or Save g '
command in the menu. For the final analysis, only
‘edited/filtered’ data can be used. Be aware,

please, that even one single artefact can totally
destroy the quality of the results.

e However, it is still possible to view the original
. ’ . . X w Browser - Mueller (1974). 07
file, as well. Click the ‘Load original data’ icon (or [ :

Load Save Analyzis Eco  Esit

press CTRL+O together). Similarly, you can return H' E_c:ﬂ-l\r—! @I
to the ‘filtered’ file — click on icon ‘Load filtered

data’ (or open ‘Load’ command and select Filtered data or press CTRL+F
together). The computer stores separately the latest processed file as a ‘filtered’
one while the ‘original’ file remains unchanged. Date (time point) of current file
editing/filtering along with the date of original record are stored, and this data is
available in the Report.

open ‘Load’ command and select Original data or

6.3.1. ECG Browser

It is possible to view either the 30-seconds long single-channel ECG strip(s) or the

whole examination ECG record as recorded during the examination session, in a

separate window. You can open itin t‘

(a) Spectral test measuring session: click the ECG browse icon
that is available immediately after the HR record has been saved (or open the
Browse menu and select Browse ECG command or press CTRL + C together), or

(b) HR Browser session: click the ECG browse icon (or command), or

(c) Basic operation screen: select the subject and record (small arrow at the left-
hand side), click the ECG browse icon (or Browsing main menu, command ECG
or CTRL + E together)

Structure of the ECG browser is simple:

¢ Window heading shows
personal data, date & time of
ECG recording

e Five strips displaying ECG
course from -10 until +20
seconds from pressing the ECG
record button (time O, violet
marker)

e Bottom line includes
information on number of R-R
interval, marker time location on
the heart rate course axis,
present number and total
number of recorded ECG files,
and ‘Close’ button.
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Its main function is to enable viewing the ECG record and to support decision

making processes while browsing the heart rate course record and considering
possible artefacts.
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7. Clinical Use of the System: Analysis

7.1. HRV Basics. How to Understand the Principles of Analysis

In general, it is recommended to perform (and to understand) the examination as a
view on cardiovascular autonomic regulations during a modified orthostatic
load. This scheme allows assessment not only of the energy contents of the
autonomic control during well-defined examination positions, but also disturbances
in its dynamics. Therefore, both the absolute numbers in the statistics table and the
changes/behaviour in autonomic control as displayed in the three-dimensional
graphics are relevant for diagnostic resumes.

Spontaneous beat-to-beat fluctuations in heart rate reflect ongoing modulation of
sinus node activity through several cardiovascular control mechanisms. In addition to
the respiratory sinus arrhythmia (0.2 — 0.3 Hz), the heart rate typically oscillates at
specific lower frequencies, most commonly at about 0.05 - 0.15 Hz and lower, as
well. All these heart rate fluctuations can be quantified by the technique of power
spectrum analysis, which calculates the frequency content of time-varying signals.
Power spectra are quantified by measuring the area under the spectral curve
(Spectral Power) and its density/amplitude (Power Spectrum Density) in two/three
frequency bands (see the figure below; frequency axis 0.00 - 0.40 Hz, displayed spectrum
range 0.05 - 0.40 Hz):
e Very-Low Frequency (VLF; 0.02 — 0.05 Hz) /not included in this fig./ and/or
o Low Frequency (LF; 0.05 - 0.15 Hz) components of spectral
energy reflect sympathetic-thermo-regulation influence with a
certain parasympathetic modulation, and
= High Frequency (HF; usually 0.15-0.40 Hz) component
reflects parasympathetic influence. The ratio of LF to HF is
mostly considered to be an indicator of sympathovagal
balance.

HRW speacirad sraslysis

= | supine

e el S P -~ standing

supine

035 DA0
Fregpaenoy [Hz]
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In the VariaCardio TF5, power spectra are calculated by computing the magnitude
squared of the fast Fourier transform based on data points obtained from 300
seconds’ tachometer signal. As in any biological process, the data contain both
harmonic and non-harmonic information, therefore no filtration of specific (‘chaotic’)
parts of the information is used. The total power is then obtained by integrating the
power spectrum from 0.02 to 0.40 Hz, the respective components of spectrum (VLF,
LF & HF) represent then in the above mentioned frequency bands. Power at
frequencies below 0.02 Hz should be probably not considered because it may not be
reliably measured within data records 300 seconds long. (e.g., in case of less than
0.01 Hz the wave length is then more than 100 sec., i.e. energy of only a couple of
cycles during one position recording is quantified).

Based on the length of record analysed, this kind of spectral analysis is also called a
“short--term* analysis; the spectral power can be viewed as the variance in heart
rate during the 300 seconds periods. The *“long--term* spectral analyses are
represented by analyses using 24h Holter recordings. However, to our current
knowledge, none of the standard 24-hour Holter monitors does have a sampling
frequency high enough to offer adequate analysis.

Short-term spectral analysis of HRV is practical and easily applied in the clinic. It
was found that the immediate variability of short-term spectral measures of HRV was
low, and short, 2- to 15-minute samples were found to be excellent predictors of
mortality and correlated with prognostically important data from sustained recording
periods. Due to this simplification, patients could accept more consecutive
measurement series during longitudinal studies, as well. The method takes only a
short time and is quite independent of the patient's compliance during the
examination. In contrast to the less sensitive total Ewing standard score of
cardiovascular reflex battery, the selected cumulative indices over more than one
time segments (e.g., in positions supine-standing-supine) proved to be able to assess
even small changes in cardiac autonomic supply.

The current methods most commonly used for analysis of HRV in frequency domain
are based either on fast Fourier transform or on auto-regressive model. Under
various conditions, both analytical approaches deliver similar results. As the
examinations are commonly performed under routine clinical conditions requiring
immediate results, system using fast Fourier transform analysis has the
advantage of sufficient simplicity of well defined algorithms, high processing speed
and on-line graphic display modality. Although the information given by the spectral
indices corresponds to that given by indices of time-domain analysis, it was shown
that cumulative index is more representative of the actual global state of
autonomic regulation and reflects the total instantaneous sympathetic and
parasympathetic effects.
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7.2. HRV Basics. How the R-R Intervals Measurement Works

Surface ECG is continuously
monitored and R-R intervals are
measured with a time resolution of
1 ms and further processed by
; microprocessor in the transmitter
. Online WA =101 x] unit. The ECG and R-R data are
m

telemetrically transferred to a

o receiver connected to a PC-
e compatible computer.
; The ECG signal and computed
g heart rate is displayed after each
= heart beat on the monitor in form
~ of a vertical bar graph with
e | numerical information on current
THO 150 200 210 N0 T 0BT B F5 R 310 150 pudes heal’t I’ate, R_R interval |ength and
time elapsed since the beginning
IRERT ¥} of measurement in a separate
] window.

Instantaneous (online) spectral
curve based on the last 32, 64

— ) ~ L (see the figure), 128 or 256 beats
' is displayed as well. The figure

200k 1

shows two typical peaks of LF and HF bands.

The automatic artefact recognition of the received data is processed on a real-
time basis and displayed on the monitor. When recording has finished, the original
data set is stored and then automatically filtered, excluding the recorded artefacts
using a special recognition algorithm. Finally, there is a possibility to filter the file
manually as well. Therefore, there are two files stored (‘original’ and ‘filtered’
ones) related to one data set.

For better understanding why the artefact processing is that important, see
the figures below:

e The /eft figure shows the spectrum created on data including one single
artefact around the time point 640 seconds (see the Browser -- upper right
window).

e The right figure shows spectrum based on the same dataset, however,
with the artefact rejected and substituted by a computed data hat is
consistent with the current data time series.
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7.3. HRV Basics. How to Understand the 3D Results

The computational method of spectral analysis is based on a fast Fourier transform.
The final results are immediately displayed on the monitor as a three-dimensional
running spectrum, permitting a general overview of the dynamics and of the
absolute energy content of the system. All parameters are computed for each time
segment: within the high frequency band (0,15-0,40 Hz, attributed exclusively to
parasympathetic tone), the low-frequency band (0,05-0,15 Hz) and very-low
frequency band (0,02-0,05 Hz, shown to represent a combination of sympathetic and
parasympathetic effects and others like thermoregulation etc. on cardiac autonomic
tone). The autonomic control varies under different physiological states, typically
during a modified orthostatic load: the parasympathetic component is predominant in
supine position, while the sympathetic one during active standing.

The main outcome variables in frequency domain are:

e Absolute spectral power (units [ms?]) and

e Power spectral density (units [ms?/Hz]) in two or three frequency bands
and their

e Ratios VLF/LF and LF/HF bands

¢ Mean frequency (units [mHz]) for each frequency band

e Cumulative spectral power: to increase the reliability of the short-term
measurements and to assess even small intra-individual differences in global
autonomic tone, the cumulative index (spectral power of the total
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frequency band with its very-low, low and high frequency over all recorded
positions; units [ms?]) representing the total averaged area under all
consecutive spectral curves within the short-term recording is calculated

e Standard deviations (units [%]): calculated for each parameter, as this
information is necessary for assessment of the ‘stationarity’ of the
examination. We recommend excluding any findings having more than 20-

30% relative deviation in any of the time segments recorded. In those cases,
the examinations should be repeated

Additionally, calculations of time-domain parameters are made, as well:
¢ Mean R-R interval (NN mean)
¢ Standard deviation of mean R-R interval (SDNN)
¢ MSSD (Mean of the squared differences between two adjacent normal R-R
intervals over given recording period)

It is possible to display the results in three different display options, as:
(1) Three-dimensional running spectra graph (see Chapter 7.4. How to Perform
the Analysis)
(2) Statistical table (‘NMumerical spectral results’)
(3) Graphical form (‘Graphical spectral results).
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Practical example: The figure above shows results options (2) and (3),
based on normal cardiac autonomic control as obtained during modified
orthostatic load: the numerical data displayed correspond with the above
listed main outcome variables, the graphical output displays absolute values of
spectral powers LF & HF in (three) examination intervals. It documents
predominance of HF band (right column, in green) in supine -- intervals 1 and
3 -- and predominance of LF band (left column, in blue) in standing positions -
- Interval 2.
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7.4. Analysis. How to Perform the Analysis

Database Measuing Browsing Analyziz  Engineenng  Help First select the subject for the analysis

E||@|@<|!| @H"lﬁl from the Subjects listing in the

basic operation screen (see Chapter
5.4. Database: How to Find a Subject).

Optionally, then open the Browser — click on icon @I -- and check the
consistency of the R-R data, particularly with respect to artefacts. If artefact found,
process it properly — see the Chapter 6.3.2. How to find and process artefacts. Bear
in mind, please, that even one artefact might totally destroy the quality of
information received over the total 15 minutes measurement.

However, you can also directly progress to the 3D analysis: click on icon Frequency

domain analysis ﬁ‘ or press CTRL + F together or in the main program menu
open Analysis -> Frequency domain. Following Basic analysis screen is opened:

7.4.1. Basic Analysis Screen. 3D Running Spectra Graph

m TFU Gttt Ansibyie - Muslhs (T3 DFITLTF33 1503805 -
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- =
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8
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Practical example shows a typical pattern obtained in a subject with no detected
disturbances in cardiovascular autonomic control during a modified orthostatic test
(ving down [T1] - standing up [T2] - lying down [T3], calculation for every position is
based on 256 artefact-free data points,; note that this display includes only low and
high-frequency bands /range adjustable in the Engineering->Program Setup/). The
graphics shows clearly a predominance of HF band (0.15-0.40 Hz) during supine
positions (marked as T1 and T3) while LF band (0.05-0.15 Hz) gets ‘activated’ during
standing-up (marked as T2). The numbers 1-8 are related to its detailed description,
see below.
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The standard Basic analysis screen of the measurements includes:

(1) Windows heading includes subject’s last name, year of birth and recording
time details of the record analysed.

(2) Below, a line with Program sub-menu commands include options View
(Statistical table or Graphical output), Resume (allows to write comments on
the results), Output (Printing or Export of the results in text format) and
Exit.

(3) Icons enabling quick access to the most of above functions.

(4) Two-dimensional spectral graph that shows single spectral curve created
at specific time point — see the ‘slider’ at the right-hand side of the output
screen. An instantaneous sympathovagal balance ‘online’ chart (is displayed
right along the 2D spectral curve (blue & green bars).

(5) The biggest part of the screen covers three-dimensional running spectra
graph showing the behaviour of the autonomic cardiac control system during
the whole examination. Note, please, that while this display shows the
complete record including the changes of position etc., the final statistical
results are based only on 0 - 300 seconds periods from pressing the marker in
each position (see markers T1, T2 and T3).

(6) Zoom control slider allows to adjust the size of the displayed graph.

(7) Time control slider allows to ‘slide’ the graph while showing instantaneous
spectral curve at specific time point (‘slice time’). This interval is displayed in
[seconds] from the start of measurements (and not from pressing any of the
markers!) below the slider.

(8) View control pointer at the left lower corner below allows to adjust the view
angle of the 3D graph in order to enable better overview over the results.

Practical example: Below you can find some examples of 3D display manipulation
using the ‘View control’ option, in order to obtain an optimum graphical overview
of the autonomic control during the modified orthostatic test.
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7.4.2. Basic AnaIyS|s Screen. Statistical Table

e
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@Aﬂ]! : form of the Numerical
o i - spectral results table that is
ST = reached by clicking on the first
L icon in  the  Submenu

Soeas - : commands line.
WO e B The table is vertically divided
== =i um = o oweouso o= G| into three sections covering 3
e mm e mnoDown o= | measurement intervals (supine/
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cxtiatati statee . B4 e the (Spectral) Power

variable, displaying power within specific frequency bands.
Above in the Statistical table you can see results of short-term HRV spectral
analysis as obtained in a normal subject (see also Chapter 7.3. HRV Basics):

Variables Power LF and HF represent low and high frequency bands here.
Variables PSD mean Power Spectral Density, in both frequency bands.
Freq. shows the mean frequency within the specific bands.

Rat. LF/HF displays interconnections between low and high frequency band
spectra in all positions separately. Some authors declare this variable as
‘sympathovagal balance’.

Total power sums the LF and HF powers.

Cumulative total power shows sum of three total power variables above.
NN mean shows a mean value of R-R intervals within the position.

SDNN standard deviation of mean R-R interval.

MSSD shows Mean of the squared differences between two adjacent normal
R-R intervals over recording position.

7.4.3. Basic Analysis Screen. Graphical Table

£ 458 o e ke 214, R £ = Also, there is a possibility to

28 obtain a quick overview of
- “[ the results in a graphical
form (Graphical spectral

results table), by clicking
on the first icon in the
Submenu commands line.
The chart shows distribution
of LF and HF spectral
powers related to each
examination interval, here
shown as 1, 2, 3. On the
left-hand  axis  absolute
value of the parameters can
be found (unit [ms?]).
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Important notice:

Please note that for the statistics, only those 300 seconds’ time intervals marked
previously in the measurement session are included. Check the Browser, please,
where the start of statistical intervals is marked in green. This can sometimes
‘optically’ diverge from the graphically displayed results.

7.4.4. Basic Analysis Screen. Resume

For reporting, comments on the B
HRV analysis results prepared fmmmmmrsms e ies e

by medical professional might [ LA TERATINEETT E

be necessary. FOr this reason, [ s i1 weamey swest rowe

an option Resume allows 10 [F=7 s mis

enter and store record-specific | 2o i n i i

texts related to any part of the
examination procedure.

Click on icon or in the program
submenu open the Resume
option. In the window, type in

your texts. Alternatively, you et | g et e |

can use pre-defined text

patterns as prepared in the Main program menu, Engineering -> Program setup
menu -> Default resume option.

When finished, please be sure to save the created texts and close the window. This
Resume text appears in the printed Report, as described below.

7.4.5. Basic Analysis Screen. Export of Numerical Results
For various reasons, the export of results in digital form might be necessary. In such
case click, please, on the icon or open in the Program submenu the option Output -
> Data export. A text table ‘export.txt’ (located in the TF5 program directory or as
adjusted in the Engineering -> Program Setup -> Export/Send menu) is then
created which includes consecutively listed following variables as originally displayed
in the Numerical spectral results table, separated by *;':

id; name; date; Power LF 1 [ms2]; Power LF 1 variance [%]; Power HF 1
[ms2]; Power HF 1 variance [%]; PSD LF 1 [ms2/Hz]; PSD LF 1 variance [%]; PSD
HF 1 [ms2/Hz]; PSD HF 1 variance [%],; Freq. LF 1 [mHz]; Freq. LF 1 variance [%];
Freq. HF 1 [mHz]; Freq. HF 1 variance [%]; Rat. LF/HF 1 [-]; Rat. LF/HF 1 variance
[%]; R-R inter. 1 [ms]; R-R inter. 1 variance [%]; Total power 1 [ms2]; Cumulative
total power [msZ2];

Power LF 2 [ms2]; Power LF 2 variance [%], Power HF 2 [ms2]; Power HF 2
variance [%]; PSD LF 2 [ms2/Hz]; PSD LF 2 variance [%]; PSD HF 2 [msZ2/Hz]; PSD
HF 2 variance [%]; Freq. LF 2 [mHz]; Freq. LF 2 variance [%]; Freq. HF 2 [mHZz],
Freq. HF 2 variance [%]; Rat. LF/HF 2 [-]; Rat. LF/HF 2 variance [%]; R-R inter. 2
[ms]; R-R inter. 2 variance [%]; Total power 2 [msZ2];

Power LF 3 [ms2]; Power LF 3 variance [%]; Power HF 3 [msZ2]; Power HF 3
variance [%]; PSD LF 3 [ms2/Hz]; PSD LF 3 variance [%]; PSD HF 3 [ms2/Hz]; PSD
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HF 3 variance [%]; Freq. LF 3 [mHz]; Freq. LF 3 variance [%]; Freq. HF 3 [mHZ];
Freq. HF 3 variance [%]; Rat. LF/HF 3 [-]; Rat. LF/HF 3 variance [%]; R-R inter. 3
[ms]; R-R inter. 3 variance [%]; Total power 3 [msZ2];

The recently edited results are consecutively added to the previous one into one text
file, line by line. l.e., whenever numerical results data of any subject are exported,
these numbers appear in the ‘export.txt’ file, in the next line.

7.5. Analysis. Medical Report and How to Obtain It

Detailed medical reports including the graphical and numerical information obtained
during the HRV measurements, completed by personal data details and summary
prepared by the examiner/reviewer can be printed from the Basic analysis screen
session after pressing the Print icon or by following in the Program submenu the
option Output -> Print protocol or by pressing CTRL + P.

Medical report includes following main sections:
Page 1 of the Report
(1) Organisation / Reporting physician details (adjustable in the Main program
menu -> Engineering -> Program Setup -> Print Attribute)

1 (2)  Subject’s personal data
Dt muil Gpaclldﬂﬂ.m:-] Drefaull Ewing Fle-m.nul F.q:l-:ﬂ."‘ienl:ll (3) Record technical
Analyss Patnahs | Progiem Paanstae  Fid At | information  including
Dugancsion: [Dr. John Aryname number of artefacts

. - and ECG records
il (4)  Written resume — as/if
Bt prepared by reporting

physician (text can be
entered in the Basic
analysis screen ->
Resume) -- followed
" by the date of analysis,
printing and name of

Save | Closa | reporting physician.
(5) Below, at the bottom

line technical data on current system installation are included.

Signahas ||l| o G A

Page 2 of the Report

(6) Graphical 3D running spectra output including the last name, year of birth
and recording details in the figure heading. Note that the printout is
‘interactive’ as it corresponds with the current view angle of 3D graphical
output as just adjusted.

(7)  Statistical table including all variables originally displayed in the Numerical
spectral results
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8. Battery of Short Cardiovascular Reflex Tests as Proposed by
Ewing (so-called ‘Ewing battery’)

8.1. Ewing Battery: Introduction

This battery of cardiovascular bedside reflex tests consists of three/four functional
tests of heart rate variability, for details see below. The obtained results are then
analysed in time-domain as proposed by DJ Ewing (e.g., see DJ Ewing et al: The
Value of Cardiovascular Autonomic Function Tests.: 10 Years Experience in Diabetes.
Diabetes Care 1985, Vol.8, No.5; 491-498). The tests have been suggested to be
suitable for a clinical routine screening (‘gold standard’), although they
predominantly represent vagal function information, are semi-quantitative only, and
probably do not detect sufficiently those early stages of autonomic dysfunction that
usually are modifiable by various interventions.

8.2. How to Perform the Ewing’s Test Battery

In the basic operation screen, click on icon Measuring _J (or press CTRL + E or
open Measuring option in the main program menu and select Ewing’s Test).
New screen Ewing’s test measuring is displayed with following main sessions:

1. Commands menu including submenu wm
. ; Lorimd wndew fl

items Control, Save, Results, Window and
Exit.

2. Ilcons menu corresponding with the TN S Ten Clste of Bt L B2
above, including additionally Start and L
Stop, Save, Browse the results, I,L._L_-._F_ #
Display/Hide specific windows, for details

kel bl [ Mesy w33 | Gawes i

see below.
3. Subject identification with D, | fe=sses ZTr =
Surname and Date of birth items. e e
4. Hardware info shows the current quality o 0 [e——
aam 8
of data transfer/ECG in /eft window and [ ) I
progress of heart rate over recent time in Dewp B | O | Vahshen Woneares|

the right window. : ] |
5. Radio signal quality indicator, and 10 |'|"~

Battery status show current state of

these items. i iy
6. Alert window below the radio signal and l_‘ R g

battery status indicators informs you of | 12

system configuration and of possible
errors (e.g., alert ‘Receiver switched it [ T I
off..."). A strip with information “OK” 8 =1 13 (i
shows normal setting, strip blinking in
orange warns of errors and possible cause of the problem encountered is displayed.
Furthermore, pre-defined user’s limits — in accordance with pre-set/prepaid service — and
currently available number of TF5 test actions are shown.
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7. Blood pressure values can be optionally entered before and after the Valsalva
maneuver and Deep breathing tests. These BP values are, however, required for correct
consideration of results during the orthostatic test.

8. Basic values window delivers exact numeric information on instantaneous R-R data:
Time elapsed since pressing ‘Test start’ button in [min:sec], Length of R-R interval in
[ms] and Heart rate in [beats per minute].

9. Test selection menu enables to choose among the tests: deep breathing, Valsalva or
orthostatic load.

10. Test progress bar is an optical hint showing progress of the test in form of constantly
growing ‘line’ / small squares.

11. Breathing guide bar is used for guiding/support of correct & reproducible deep
breathing pattern.

12. Help alerts can be seen in well readable big letters in a yellow bar as indicated above.
Commands shown here can be used as guides for correct/standardised performing the
tests. Additionally, corresponding voice commands can be heard paralelly.

13. Measuring control buttons at the bottom of the window control program functions
such as Save and Results. Compared to the spectral analysis section, here is no need to
use Stop buttons as the test ends automatically in accordance with standardised test
protocol. An alert/help & voice messages inform about the end of each test.

In the Test selection menu (section 9, see above) in the measuring screen click on
appropriate button, that allows you to perform one of the three reflex tests:

(1) Deep breathing - heart rate changes during four deep breathing cycles are recorded,
each of them consisting of 5 sec. inspiration and 5 sec. expiration. After four breathing
cycles are completed, test ends automatically.

(2) Valsalva manoeuvre - tests heart rate changes following a deep inspiration and 15-
seconds expiration against 40 mmHg pressure. As reported, it is recommended to
perform this test three times in one measurement session (or to perform one “test”
measurement at least before the recording, in order to demonstrate the exact test
procedure for the patient).

(3) Orthostatic test - changes of heart rate and blood pressure (separately, using a
common BP measurement device) during supine position, and, during the first 30
seconds, HR changes and/or some 2 - 5 minutes BP changes after standing up are
recorded.

To perform any of the individual tests, see the following description. The help function at the
bottom of the screen offers information and hints as to how to proceed. After starting the
test, the elapsed time interval since the beginning of the test, R-R interval length and the
instantaneous heart rate are displayed.

Generally, before starting the first test, you have to choose /7 add a new test subject in
the program database. For details, refer to the Chapter ‘How to find a subject’ or ‘How to
add a new subject’, please. Afterwards, in the Main menu progress to Measuring ->
Ewing’s Test (alternatively press CTRL+E together or click on the icon). If the transmitter is
already correctly positioned on the subjects’s chest and it is switched ‘on’, you will already
have an option to check the quality of transmitted data in the hardware info windows
(section 4, see above). This option is identical with the function in the spectrum measuring
screen. If the displays are satisfactory, progress to the first Ewing’s test:
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8.2.1. Ewing Battery: How to Perform the Deep Breathing Test

The subject sits quietly on the examination bed, the thorax belt with integral
electrodes is correctly positioned on the chest and the transmitter switched on
(regular signals as indicated by the LED-diode are detected).

Click on the Deep breathing test button (section 9 in the measuring screen). Enter
the blood pressure value, if needed (optional). Then click on the ‘Test start’ button -
- see below, the screen shows effect of a cyclical breathing on the heart rate course
while voice and written / graphical commands help to guide the test appropriately:
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| Breath in !

After an initial phase (10 seconds) that is necessary for obtaining basic data for
statistics, a voice and written command “Breath in” appears, followed after 5
seconds by “Breath out” command. Paralelly, a breathing guide bar slowly increases
and decreases in green so that the subject’s cyclical breathing excursions are
maximally standardised, each of them 5 seconds (four inspirations and four
exspirations). When finished (after 40 seconds), a message appears on the screen:
“Breath normally”. Another 10 seconds of data are then
recorded for computational purposes, a final longer beep

i and messages “Test is finished” indicate that the test is
- lwesr——— — finished automatically.

T = 1 bl TR H ™
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o e ] i i
|
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| Breath normally |

e

Important notice: the record ,_-=.-_
must be absolutely artefact-free in order to ensure reliable | Testis Timished !
test results. (See “Filtration“ procedure) G ainsaint I B 7 BFEES

(c) 2001-2003 Advanced Medical Diagnostics Group, Ltd
Doc 125-06 55



,!-*j—
After the measurement is finished, the following procedures/keys can be used:
After any of the Ewing’s tests is finished, save, please, (by clicking on the ‘Save’
button below) the recorded data immediately. Afterwards, the patient’s record and
identification information is displayed, as well as graphics displaying the heart rate
course during the whole test and all relevant statistical results — click on the
‘Results’ button below.

Relevant parameters.: Deep breathing test

HRrest : Resting heart rate

MV: Average R-R interval

SD: Standard deviation

MSSD: Mean Square of Differences of Successive R-R Intervals
CVr-r : Component Variance of R-R Intervals

I-E: Difference Inspirium and Expirium heart rate

I/E: Ratio maximum vers. minimum heart rate during Inspirium

and Expirium

Practical example: Typical results screen with apparently normal heart
rate variability during the deep breathing test. For parameters
description, see above. The green lines in the main screen show time
course of test commands (5-seconds cycles), ECG below, position of the
browser of heart rate course and numbers shown at the bottom line are
related to the marked HR value — in yellow, see the main screen. In
order to remove artefacts, the marking can be changed by moving the
mouse and clicking the left (mark) or right (unmark) buttons. This
procedure is identical with that used in spectral analysis processing, as
described earlier.
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8.2.2. Ewing Battery: How to Perform the Valsalva Maneuver

Choose the ‘Valsalva maneuver’ option by clicking the button. Optionally, enter the
blood pressure values and start the measurement by clicking the ‘Test start’ button.
After starting you have to wait for 10 seconds, after which a message ‘Breath in
and blow into tube’ appears. Identical voice command is heard, as well. The
patient has to inhale deeply, and when starting the exhalation (while reaching 40
mmHg on the manometer), the examiner has to press the ‘Pressure reached’ key.
Under constant resistance of 40 mmHg during the expiration, the heart rate course is
recorded for 15 seconds.
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\Breath in and blow into tube |
L S e

F— . .
g R Afterwards a short signal beeps, and a message ‘Release

- s and breath normally’ appears, paralleled by a voice
[~ . =—"— command. The subject returns to normal breathing and has
o b to wait until the end of the test (some 20 seconds again).

LR

== meewms w wm Finally, a message ‘Test is finished' closes the

. examination. Please save the recorded data immediately,

It again, by clicking the ‘Save’ button below. Results of the

_1__ [ test are available by clicking the ‘Results’ button below on
— ] the screen.

|Release and breath normally

Relevant parameters: Valsalva maneuver

VR Valsalva-Ratio

t max Timepoint of maximal heart rate
t min Timepoint of minimal heart rate
HRrest Resting heart rate

HR max Maximal heart rate

HR min Minimal heart rate

HR max / HR rest Ratio maximal heart rate vers. rest
HR max - HR rest Difference maximal heart rate minus rest
HR min / HR rest Ratio minimal heart rate vers. rest
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Practical example.: Above you can see a typical course of normal reaction of
heart rate during the Valsalva maneuver (blue bars) as seen during the
examination. Just a note, save always the obtained data as soon as possible to
avoid unnecessary data loss etc.

Notice: From experience, it is recommended to make three Valsalva tests, and to
express the result (the Valsalva ratio) as the mean ratio from the three successive
tests (for more details see also Ewing DJ: The Value of Cardiovascular Autonomic
Function Tests: 10 Years of Experience in Diabetes, Diabetes Care, 1985, 5: 491-
498).

8.2.2. Ewing Battery: How to Perform the Orthostatic Test

Whilst the subject is lying on the bed, measure his BP and — after choosing the
‘Orthostatic test’ option -- enter the values into the fields ‘Blood pressure before
the test'. Click the ‘Start’ button and wait for 10 sec (see the description above).
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After this preparatory phase, a message ‘Stand up’ appears, paralleled by a voice
command. After the subject finished the change of his position and is quietly
standing, click the button ‘Standing position reached’. The subject stands until
the automatic ending of the test. The examiner (repeatedly) measures the blood
pressure throughout the test. It is highly recommended to
enter the blood pressure values into the program at the
beginning and end of the test, as indicated on the screen.
Finally, a confirmation ‘Test is finished’ appears/is heard,
while you save the data immediately, by clicking the ‘Save’
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button to be found below on the screen left.

Relevant parameters. Orthostatic test

30:15 Ratio

HR rest

HR max

HR min

HR max / HR min
HR max - HR rest
HR max / HR rest
HR min / HR rest
BP pre

t max

t min

Bl

BP post:

Ratio of heart rates around the 30th & 15th beat

Rest heart rate

Maximal heart rate

Minimal heart rate

Ratio maximal heart rate vers. minimal one
Difference maximal heart rate minus rest
Ratio maximal heart rate vers. rest

Ratio minimal heart rate vers. rest

Blood pressure value during lying down
Timepoint of maximal heart rate
Timepoint of minimal heart rate

Brake Index

Blood pressure value after standing up
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7.4

9.1. Some Practical Examples

Below you can find some examples to show the versatility of applications and use of
the TF5 program just to help you in finding appropriate use of the system:

¢ E.g., it is possible to revise the previous results, while another examination is
running, and to show both paralelly on the screen.

:j.:ii\ E

¢ You can display all results of short reflex test (Ewing) battery on one screen, and
resize/manipulate the results windows to obtain the best overview.

+ Also results of both analysis types — Ewing battery and spectral analysis — can be
displayed in one screen for better and instant overview of the subject’s results.
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¢ Progress of the individual test results overt longer time period can be shown e.q.,
as follows.
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9.2. Application Notes

Examination of heart rate variability has considerable potential to assess the role of
autonomic nervous system fluctuations in normal healthy individuals and in those
with various cardiovascular and non-cardiovascular disorders. Population based
clinical trials show that the short-term examination of HRV, particularly in frequency
domain, offers relevant prognostic information independent of and beyond that
provided by traditional risk factors. Depressed HRV is a predictor of mortality and
arrhythmic complications, however, like in any other method, to improve the
predictive value HRV can be combined with other factors, e.g. LV ejection fraction in
post-myocardial infarction risk stratification etc.
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General Picture:

During the modified orthostatic load (provided it is performed as recommended in
the user manual) the following characteristics are of particular interest:

(a) Three-dimensional graphics:

B Total energy contents (fluctuations) of the low and high frequency bands

B Physiological predominance of both control sub-systems during different positions
B Reactivity/reflexivity of the system during the standing up and after lying down.

SY (+PASY) PASY

HRY sgesciral srashsis

010 035 020 2025 030
Fraopaenoy [Hz]

Principally, the area under the fluctuations to the left from 0.15 Hz on the x-axis
represents the sympathetic activity including probably a certain amount of
parasympathetic influence. Fluctuations to the right from the arbitrary limit 0.15 Hz
on the frequency axis reflect solely the parasympathetic cardiovascular control.

(b) Statistical table:

It is often helpful to compare the visual results with the numerical values as listed in
the statistical table (see user manual). Please note that there is a strong relationship
between age and normal reference range which considerable diminishes with
severity of disturbance (described later in this chapter).

Normally, during supine positions (the first and third time intervals, labelled T1 and
T3 on the z-axis) there is a predominance of a parasympathetic tone, as indicated in
the above graph labelled “PASY“. During standing (position T2), activation of the
sympathetic tone can be detected (labelled “SY*).
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Your Notes:

In case of any comments and/or questions, please feel free to contact your
distributor, or the manufacturer directly:

Advanced Medical Diagnostics Group Ltd.

6, Wortley Moor Road,

Leeds, LS12 4JF

United Kingdom

Phone: +44 (0)113 279 1010

Fax:  +44 (0)113 231 0820

Website: http://www.amdgmedical.com
http://www.mie-uk.com

E-Mail: TF5@amdgmedical.com

Thank you.
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