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Introduction

Thisguidewas writteto instruct clinicians on the ubeant rateariability (HRiv)clinical biofeedback,
as a form afpplied psychophysiology

Contrarto the common assumption, a healthy hedrbdaesegularly as a metronome. The heart
moment by moment beating rate is naturally influenced by many physiolaicaiéactors an
constantlyThe most obvious of these factors is physicahbuastityor example, your heart might beat

in the neighborhood of 60 times per minute. Whaimymyg for the bus or swimming lemgidiss, it
accelerate to well ov@ties a minute. In fact, the range defined by your minimum to maximum heart
rae capacity is a key factor defining your level of hgatsoA's @hysicaindition deteriorates, this

range can actually become narrowed to the pointtbBhatiiitg to adapt to the stresses of daily life.
From that point on, any unéagetressful conditonldoush taindividudb the limit tdieir

adaptability and pugmat risk for cardiovascular accidents and possibly death.

The idea of exercising the cardiovascular system to maintsrpassibierange of hearterat

adaptability is not new. Medical practitioners haedpleaical exercise and stress management
techniquesuch as meditation or yoga, for generations. In recent years, a novel biofeedback method he
gainederious recognition from practitmfmaenyealth cangrofessioné set of standard signal

processing and analysis methomsosedth 1996, habeen widely accepted by practitioners and
manufacturers of equipmentumber bkart rate variability (HRV) biofeedback protocols have been
developed amestedorvariouglinical conditiorlbe research shegufficient evidence of success

that iplaces HRV biofeedback ahead of many atbgulséidn methods in terms of acceptance by
mainstream medicine

This manual will teach yobdbki& concepts of HRV biofeedback and help you learn how to apply them
within your clinical practice. After you have become familiar with the key concepts, it is strongly
recommended that yosaloehandson training, before using them on a real examinee

As simple as this method may sound, it still requires practice.
HRVbiofeedbadk clinically indicated for:

1 Relaxation

9 Stress control

1 Exercisintherespiratory and cardiovascular systems

Note: This documeis#t not intended to replace scientifiondral literature (a bibliography of
references povidedn pag&l).
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Detection oHeartbeat Signals

The principal component of successful HRV biofeedback is the ability to detect heartbeats reliably and
precisely. Two tymdphysiological sensors can be used

1 ElectrocardiographEKG/ECG)
1 BloodVolumePulse(BVP, ab called photoplethysmography)

Both sensors are noninvasive and detect a specific physiological change associated with the heart
activitybuttheirfunctiosare basednvery different principles.

In either case, the selssautput shows a recognizable beat pattern that is used to calculate the time
between consecutive beats, or interbeat interval (IBl), and the corresponding heart rate (HR, in beats |
mirute). From a series of such IBI values, a number of mathematical processes can be applied to extre
the standard metrics used for HRV biofeedback

When doing HRYV training, it is also common to use a respiration sensor for practicing breathing exerci
ard to train to increase respiration sinus arrhythmia (RSA). The respiration sensor detects the expansi
and contraction of the chest as a person breathes

Electrocardiograph¥eKQ

TheEKGsensor detects the elecsigabthat iggenerated by theartmuscleeachtimeit contracts.

This electricsignapropagates throughout the bodg aaptured by the electrodes, then amplified and
filtered by the sensor before being converted to a digitahsigmetloddt is then sent to the

computeto be processegdcorded ardisplayety theBioGraphfiniti software

/

Encoder

Heart mscle Electrodes (+cable) er&or Computer

Software

A/D Processor/
Fibers [/\JN Electrodes/\/\ Amplifier /\/N Filter  /A/N converter/\A Monitor

Bload volume pulséBVBP

The processing sequence for the BVP sensor, exsigpildor the type of physiological change that is
being measurebthe BVP sensor shimdsaredight through the finger and medbkaerasmount kfht
reflected by the skin.

7y Thought Technology LitHeart Rate Variability Applied to Psychophysiology 2



Theamount okflectetight varieduringeach heart
beatasmore or lessdmarushes through the
capillaried’ he sensor convertsréfeetedlight into
an electricaignal that is then sent to the compt
be processed.

Respiration

The respiration sensatrapped around the ®iehestltdetects
breathing by monitoringekpansion and contracifdinerib cage
during initation and exhalation

The resulting signal looks like a wave that moves up and dowr
breathThe software ughgwave pattern to calculategbgiration
period (duratiorgte and amplitude

Note: For clarity this graphic shows sensopgdtaapund a bare
chest. In practice, you would normally strap respiration
over a client's clothing.

A/Dconverter(Encoder)
Thought Technols@nalog to digit&dl/D converters are calledcodef's

1 ProComphas2 channels (A and B) sampli?56 samples per seamai? channels (C and D)
sampling at 32 samples per seBenduse channel A contains an integrated EEG sensor, it cannot
be used to measure other types of physiolog{€xtigatao channatsa timean baised to
recordlata, either A and B, or C and D

1 ProComp5 Infinitias 2 channelsgdAd B) sampling at 2048 samplsseqmerd and 3 channels (C
to E) sampling at 256 samples/second.

1 ProComp Infinihas 2 channels (A and B) sagngi 2048 samplesgemrond and 6aitmels (C
to H) sampling at 256 samples/second.

1 FlexComp Infiniias 10 channels (A to J) sampkdg@&samples maEcond(This encoder was
designed primarily for research data acquisition, hence the high sampling raté on all channels.

STe

ProComp2 ProComp5 Infiniti ProComp Infiniti FlexComp Infiniti

Thesampe rate(for instance, 2048 samplesquend) ithe number of nse@es (samples) per
second taken from the continuous signal (analog signal). In this case, the andiddER\Rbis the
respiratiosignal captured by the sensor. The series of samples constitutes the digital signal.
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Athough EKG or BVP signalbeaampled at 2&8mples per secoitds generally recommended to
use a higher sampling (2048) because thi®ws for a higher precisithreidetection of heartbeats
and, subsequently, inHR®/ calculatiof@ary G. et al

Note: For research data acquisition, use of the higher sampling rate (2048) is crucial. For biofeedback
purposes, such as paced breathing training, a lower sampling rate may be adequate.

Because it is a slow signal with misdgglncy agponent, the respiration signal can be sampled at 256
samples per second with no loss of precision. A higher sampling rate cardedessal, but
additionddenefit

Amplifien(Sensor)
Thought TechnolsdgyRVsensos are

1 EKGHexPro (SA930®): Deectsheart beatsy measuririge heas electrical activithe unit of
measure is in millivolts.

1 BVRFlex/PrdSA808V) Detectdheart beatsy measuririge pulse in a fingerTipe unit of
measure is relative (%).

1 RespFlex/Pro (SA9311NPetectdreathingpy measuririge che& expansicend contraction
The unit of measure is relative (%).

N\ T
EKGFlex/Pro (SA9306N BVRFlex/Pro (SA9308N RespFlex/Pro (SA9311NV

Note: Thought Technology also manufactures a receiveiofdr the E t belts it necetver e r
works principally with two Pdesducts, tie3 1 c od e d Eandthd8h s mi t t e r
transmitter Thought Technology does not provide Meréétiformation about these products
is providedn the Pol&fweb sitewww.polar.fi/en/products/accessories

Recommendegncoder inputéChannels)

When you purchase a specialized application suite from Thoughfstieblathled@hysiology Suite
or the EEG Syieachsensors preassigned t@specific encoder input so yduldre to worry about
selecting theghtsampling rate.

If you design your own channel sétdlow these simple rules:
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The EKG and BVP sensarsboth be used on chaBoéthe ProComp 2 but nobanrel#\, Cor

D. They can be used on all channelPob@emp Bfinitand ProComp Infiatcoders bahannels

A and Bra preferreagecause they allow a higher samplifidhegtean be used on all channels of the
FlexComp Infiniti

Sincelte espiration sensor can be used with any sampiirggunabe connected to any o gty
encodefwith the exception of channel A of the PraCaeme2)ly, however, it is connected to an
input with a lower sampling rate.

In the following tables
X Green check marks indicate the proper sensor inputs for each encoder type.

Yellow check marks show conndtigdrs@ossibléut not recommended
W Red X marks show which input cannot be used for that sensor

ProComp2 A B C D

EKGFlextPro| W | X | W | W

BVRFlex/Pro | W | X W | W

RespFlex/Pro| \W | X X X

ProComp5 A B C D E

EKGFlex/Pro | X X

BVRFlex/Pro | X X

RespFlex/Pro X X X

ProComp A B C D E F G H

EKGFlex/Pro | X X

BVRFlex/Pro | X X

RespFlex/Pro X X X X X X

FlexComp A B C D E F G H I J
EKGFlex/Pro| X | X | X | X | X | X | X | X | X | X
BVRFlexPro | X | X | X | X | X | X | X | X | X | X
RespFlex/Prol X | X | X | X | X | X | X | X | X | X

Note Whenyou use a FlexComp Infiniti encoder with a specialized application suite from Thought
Technologguch as thehysiology Suiy@u must set its DIP switches to the ProComp Infiniti
protocol settingShis changes the sampling rates of the FlexComp Infiniti inputs to match those
of the ProComp Infiniti engddstructions for changing DIP switch settiogadie the
FlexComp Infiniti Hardware Manual.
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Using theEKGsensor

Although it is possible ®othe EKG sensuith dry electrodes and no skin preparatsetprasses

the probability of artifacts distorting the signal and causing calsuAati@general rule, skin
preparation enhancessigaafuality, reduces the probability of artifacts and minimizes the need for
postrecording artifact rejection.

Surfaceelectrodesandcables

The EKG sensor requires the use afisienloridelectrodes to make electrical contact between the

skin and the sensor. In order to optimize the signal quality, a wide electrode placement is recommends
usually on the chest or on the forearms, so the electrodes should be indirectly conmeoted to the sens
an extender cable. To further enhasognidiguality, we recommend ysiegellectlectrodes like

Thought TechnolsgyniGel electrodes (T3425M). Dry single strip electrodes can be used but Triode
electrodes (T3402M) should be avoided tleeauaegular configuration is not appropriate for

detecting EKG.

T342% UniGel electrodes (single use)e UniGel electratheuld be the
' first choice if signal quality is impoetafior data acquisition).

Three UniGels can be snapped telithe, olue and black leads of the
extender cable and applied to thés diesst or forearms, depending on
preferred electrode configuration.

e T3404 Single strip electrodes (single usd)e single strip electrodes a
the perfect choice fofdadback sessions where ease of use matters ¢
& signal quality is not crucial.

The strip can be cut into single electrodes and snapped to the yelloy
& black leads of the extender cable to be applied to the client's chest ¢
depending ohe preferred electrode configuration.

Skinpreparation

For any recording where signal quality, gattérskin preparation is impéotan
get a cleasignal and avoid artifacts. Before applying the EKG electrodes, |
the skin surface is claad dry by rubbing it with an alcohol pad. Abrading tt
with an abrasive cream, such as NuPrep, can also help. If necegsacgsshe
body hatan be required

Enhancingelectrode contact

For optimal contact between the electrode andithe géommended to use
conductive gé&lregellectlectrodes (UniGel) are easiest but it is possible to ¢
of conductive paste or gel to the center of the single strip electrodes (grey
before applying them to the skin. Make leetitodes are placed firmly on th
and that there is good contact between the tsigalaciiode.
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Chestplacement

The ideal electrode placement fol
detecting EKG is a triangular
configuration on the chest where
yellovandblueelectrodesra parallel
with the he&tmain axis (see
illustrationThe yelloand black
electrodeshould be placed over tt
rightandleftcoracoid process
respectivelgnd the blue electrode
over the xiphoid process.

PurposeEstablishingtghttriangular area over the hiartinimizéhe risk of artifacts from
interference from chest and arm muscle activity

Commonly used in psychophysiology Running stress assessments, when working with male clients
or when arm placements lead to too rfaatgart

Location:Coracoid and xiphoid proceSsesbovepictures

Abdominaplacement

Since some clients may find the idea of exposing t
chest area uncomfortable, an acceptable alternatiy
place the electrodes on the abd&alesr ( Peper &
Shaffexr

Ask the client to lift their shirt and place the yellow
electrode below the ribs on the right hbtbiectrode
at the same level on the left. The black electrode c , @
anywherdut a good location is {hy@eu sternum area. Yollow! Blue

T

PurposeEstablishing a triangular areandhe heathat maintains a good signal quality but less
invasive to the client.

Commonly used in psychophysiology Running stress assessments, when workemgahath
clients or whearm placements lead to too many artifacts.

LocationJust below the ribs, on either side, and on the upper part of. tBeestdvouenpicture.
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Armplacement

An easier electrode placement uses the fore
as indicated in the illustration. Theeletitwde
is on theightarm and the other aweon thdeft
arm.

Ideally, an area with little or no hair is préfe
arm placement is more susceptible to artifac
particularly interference caused by arm and
muscle activity.

PurposeExtending the triangular area from the dbestio positions alloawsore comfortable
setup

Commonly used in psychophysiology Biofeedback training sessions where the client can sit and
stay relaxear working with female clients who are uabtenfoth the chesiabdominplacement

LocationMedial aspect of the foreareeal®vepicture.
Wristplacement

The forearm electrode placement require
use of an extender cable with longer leac
the one that is sold with the EKG Yépst si
(SA9325) he wrist straps provide the eas
placememhethod for EKG signal detectiol
best results, it is recommended to use Bi
Infinits Advanced IBI from EK®Bat
detection algorithm when working with th
Straps.

PurposeProriding the easiest electrode placement method for working with the EKG sensor.
Commonly used in psychophysiology @uickegtlacemerior HRV biofeedback
LocationLeft and right palmar aspect of the agehoSe picture

Using the BVBensor

The B/P sensor does not recgkine

preparatioss it is placed directly in

contact with the slRiace the senso

against the fleshy part of the first %,
of any finger and hold it in positior
using the elastic strap.
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Optimizingplacement

TheBVPsensor is sensitive to light, movememtressure. To prevent artifacts caused by light
interference, be careful to adjust the two small openings o's thenseosthiey are firmly pressed
against the finger pad and there is no gap betweerethedlzidke sensor and the I$kire

client's fingers are too small, it is recommended to place the sensor on the thumb pad.

Pressing the sensor too firmly against the finger pad will decrease the sensitivity of the signal because
excessive pressurduees blood circulation in the finger tip. Look at the raw signal when adjusting the
sensor against the finger pad and try to maximize the signal amplitude.

Whle using the BVP sensor, instruct the clientheikeeps and hands as immobile as po$siisl
ismade easi®yhavinghem rest their hands on their thighs, palm side up.

Using theespiration sensor

To place the respiration sensor, unravel the strap ar
it around the clisrabdomen so that the sensor is in tl
front. The fit sHdue snug enough that the strap stay
when the subject is relaxed.

Ask the client to breathe out fully and tighten the sel
slightly at full expiration. This should provide enougl
the rubber strap to allow it to stretch without being  The rubber strap stretches whe
oveextended when the abdomen expands. abdomen expands during breat

Optimizingplacement

Before strapping the sensor around ttedtiest; observe the ctidoreathing pattern and determine

what level dierrib cage expands and contracts the most during respiratibe. $&lastagound

the level of widest expansion will produce a better signal. Since the software is looking for a sinusoida
signal that goes up when breathing in and down whembrgatbimgportant to instruct the client to
breathe as regula$ypossible to avoid artifacts.

If artifacts are detected, youncalify the software settingggltihe software whether to expect slow or
fast breath®Slow indicatinfewethan 0 breaths per minu@) the slow setting, long respiration
cycles are expected and any short waveforms will He ifpaBreGrapmfiniti software, this setting
isfound by accessing Hulit Virtual Channel Settipgen in theditmenu. Forone information,

please refer to thelioe help manual (Press F1).
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TheHRVSIgnabk
Physiologicabasisof EKG

The heart smusculasrganabout the size of a closeddcstted in the left side of the chest. With

every beat, it pushes blood thtbediody arteries and veidglivering oxygamd nutrients to the

organ@nd muscleks rhythmic contractiarecantrolled byatural pacemagealled the sinoatrial

(SA) and atrioventricatads. These two nodes sequence the pumping aetioeas atrial and

ventricular cavities and set an average rate b@twedlfontractions pminuteA heartbeat is a

fairly complicated series of electrical events, depmiangation amgolarization of muscle fibers,

triggering the cadtionfirst in the atria, then in the ventfiokeslectrical waveform propagates

throughout the body and can be picked up by placing electrodes on the chest or on the arms and legs

P Depolarization of the atria

ORS Depolarization of the ventes
(& repolarization of the atria)

T Repolarization of the ventricles

Physiologicabasisof BVP

With every beat, the heart pashiesimef blood through the bodsteries and veinausing a wave
whichraveldrom the heart to the periphegéons of the body (arms and legs) and eventually returns to
the hearThe body circulation system distributes the -oixyglelood through the tissues through a

finer and finer serieardéries, arteriokasdcapillariedt themathers ugeoygenated blood via the
capillaries, venules and veins. As the bloodaspeudgarea of skithepulsevave causes a

sudden increase in engorgement in the tidsaless rapidly followed byianret normal tissue

perfusion.

The BVP sensoreids this process by shimfngredight through the tip of a finger and measuring how
much light is reflect@lood is red because it reflects the red frequencies of the ligltspeetrum.)

amount of blood increases, more light is refletiteglaaisa in the sigAalthe surge of blood

dissipates, the signal falls back @bisrwaveform is slightly complicated by the fact that the direct pulse
wave caused by the systolic contraction is bounced back from the lower body andarguses a second
"reflectetivave, which appears as a secondary rise in the signal. The gap between the direct and reflec
wavs is called the dicrotic notch.

1) Direct wave caused by the systolic contracti
2) Dicrotic notch

3) Reflected wave
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