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Il Note !'!!

The THRIM Enclosure is made from industrial grad@SAplastic. Various connectors are held
to this enclosure using compressive attachmentleaed The ABS plastic will gradually relax.
BE VERY CAREFUL that you do NOT overly twist any thiese connectors !!! The front panel
connectors simply slide in and out, so the mairceamis the connectors on the BACK panel.
BNC connectors require twisting for use — DO NOTstwhese connectors beyond what is
required to lock them together !!'! The Battery ketccovers must be turned clockwise to anchor
the covers in place — JUST SNUG these covers dovaraid over-tightening !!!

Should any of these items be rotated, the THRIM will need to be returned for repair !!!

Il Note !
There are two types of Fuse holders used on the fmaeel of the THRIM. With one type of
fuse holder, the head simply un-screws to allove fieggnoval. With the other type of holder, you
need to press the head “in” (towards the panet),then rotate the head about 30 degrees
counter-clockwise, to clear the tabs, and allove ftesnoval. Note that under no circumstances
should the fuse holder body rotate in the back bhawe recommend that you first try to press
the head towards the panel to see which type isded. Once you know this, you can proceed
with fuse removal and replacement.

Should the Fuse Holder body be rotated, the THRIM will need to be returned for repair !!!

Il Note !l
We understand that there may be a certain amowtrafern among some researchers with
using Impedance sensing devices such as the THRIMsubject's head; i.e. in proximity to the
Brain. It is solely the responsibility of the raseher to carefully validate and fully review and
qualify the use of the THRIM for such cranial apptions.
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1.0 THRIM Description

1.1 Impedance Measurement Overview

Impedance variations may be measured across gmese of living tissue. There is an
extensive collection of literature which establistige basis for these impedance changes which
accompany virtually all physiological events. Ntitat the use of the THRIM presupposes a
basic understanding of both biological impedancasueement, as well as the interpretation of
the impedance information after recording.

Impedance is measured by passing a high frequamognt through the segment of
interest and measuring the resulting voltage wisaeveloped across that segment. The
simplest impedance instrument, called a "BIPOLARVide, uses the same electrodes for both
excitation and sensing. However, most investigaagree that a four electrode
(TETRAPOLAR) constant current impedance measurnystesn is essential for consistent,
reliable, quantifiable results. In this systeng tivo most distal electrodes are identified as the
DRIVE or EXCITATION electrodes. The remaining dlecles are called the SENSE or
DETECTION electrodes.

The DETECTING electrodes measure the voltagerdiffee which results when the
EXCITATION current passes through that segmenheftiody. The DETECTING electrodes
are connected to a high input impedance amplifi@civdoes not affect the measurement
process. In fact, even the contact resistandeeotlectrode/skin interface is minimized from the
usual Ohm's law calculations. In this fashioncetele motion artifacts and other
inconsistencies arising from electrode contactatamms are eliminated or minimized. Readers
with a background in physics or electronics witt@gnize this as the KELVIN BRIDGE, first
used by Lord Kelvin in 1862 in his pioneering expemts.

The circuitry inside the THRIM® is designed to mtain the current through the
EXCITATION electrodes at a constant, 1 mA levelot&lthat while the current between the
EXCITATION electrodes is constant, it is not neeggg EOUAL through all pathways which it
might take through the body. It will certainly limv Ohm's Law, taking the path of least
resistance. Since the THRIM® is calibrated witlrEXXCITATION current of 1 mA any current
less than this amount which flows in a segment betwa pair of DETECTING electrodes will
yield a reading which is less than the real val8&ip (band) electrodes or multiple spot
electrodes are often used to reduce these erfalditionally, the spatial relationship between
these electrodes can affect the amount of error.

Because of these considerations, current densist be uniform throughout the segment
being measured. This can be done by making thelEXTOON electrodes as large as possible
(1" sq.) and not too distant from the DETECTINGcéledes, or by using several smaller patch
or spot electrodes connected together at each EXTON location. The size of the
DETECTING electrode can also influence your impegameasurements. Thus the location,
size, and configuration of the electrodes all nagstarefully considered when attempting to
establish the validity of quantitative TETRAPOLARpedance measurements.
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At this point it is appropriate that we clear uyy gossible misunderstanding concerning
the relationship between impedance (Z) and theutsiipf the THRIM® which are given as Ro
and Xc.

FIRST - Impedance is the resistance of a circuth&flow of ALTERNATING CURRENT.
SECOND - Impedance is a vector quantity! Two ptgisattributes must be used JOINTLY to
describe it, magnitude and angle. For example:atBis and 15 degrees.

THIRD - Any impedance vector is the RESULTANT ofawr more quantities acting at right
angles to one another. In the case of physiolbgiggedances, these quantities are resistance
(Ro) and capacitive reactance (Xc).

The THRIM® continuously and automatically resolties impedance across any
measured segment into these two parameters - Ris{R&ce) and Xc (Capacitive Reactance).

1.2 THRIM Pulsatile Outputs

Studies have found that the Ro value of the medsunpedance of human tissue, has a
"pulsatile” component -- caused by rhythmic changédsood flow in the tissue segment
resulting from the beating of the heart. The detafi this wave-form have been found to supply
a wealth of information for studies in many areas.

The first "Pulsatile” signal supplied by the THRIMthe "Delta Ro", or "dR" signal.

This signal is generated by using the capacitivgbog of a low frequency (1 second time
constant) filter to remove the "baseline" (Ro) comgnt of the resistance. This leaves just the
"delta" -- the change in the resistance resultinghfthe blood flow caused by the heart beating.
This "delta" signal is amplified substantially tepply the "dR" output of the THRIM. The
THRIM front panel includes a "Pulse Amplitude" setitfor each channel allowing a wide range
of pulsatile signals to be evaluated.

The second "Pulsatile” signal supplied by the TMR the "dR/dt", or first derivative of
the dR signal. This signal is supplied by coupling dR signal through a capacitor
differentiator (0.022 second time constant) to $yifpe first derivative. The resulting dR/dt
signal is then amplified by a factor of 10.

In summary, in addition to the Ro and Xc valuegheTHRIM channel also supplies
these two "Pulsatile” outputs; dR and dR/dt.

1.3 THRIM Description

The 2994D THRIM is a Tetra-polar High Resolutiompedance Measurement device,
designed for use with human subjects. A singlecifakion” generation block supplies the
necessary drive signal, while up to 4 "Demoduldtidocks sense and supply 4 Impedance
values from each subject segment located betweetwit Drive points. Subject connection is
via electrodes placed on the skin.

The use of a built-in "3 Port Isolation” scheméamces subject safety. Power for the
2994D THRIM can be supplied by 6 ea. "C" alkalimétéries, or by the supplied external DC
power supply.
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2.0 Connectors, Controls and Indicators

The 2994D THRIM is built into a "Rack 3U" size gl enclosure. (UFI can add the
“Rack Mount” tabs on the THRIM front panel, shotié@se be desired.) The THRIM has
connectors, controls and indicators as describgt ne

2.1 Front Panel

2.1.1 Power On Indicator

This RED "LED" is located on the left end of therft panel. This LED glows steady
after power is supplied to the 2994D THRIM, andiafid'start-up” delay is complete.

As the supply power voltage drops to approximaelyV (assuming battery operation),
this LED will begin to blink indicating that powes low and the batteries should be replaced.

I --- Always replace batteries AS A COMPLETE SHT!

2.1.2 "Drive" (Excitation) Output Connector

This 4 pin Lemo (1B) connector is located to tighatr of the unused Shield connector
location at the left end of the THRIM front pandlhis connector supplies the DRIVE or
Excitation signal that is used by the Sense chartnaheasure the impedance of each segment.
The plug on the THRIM Connection Assembly lead @ghhtonnects to electrodes placed on the
subject) should be connected here. Note that xicédfion signal should be connected to the
outer-most electrodes on the subject.

This connector has 4 pins which supply connectanmdicated below.

Pin 1 -- Negative Drive Output

Pin 2 -- Excitation Shield / Analog Ground
Pin 3 -- Excitation Shield / Analog Ground
Pin 4 -- Positive Drive Output

Note that the DRIVE signal supplied from this ceator is a 1 mA constant current, 51.2
KHz. Sine wave. Note also that this signal is Bfarmer Coupled to the rest of the THRIM
circuitry. As a result, there is NO DC CURRENT RATrom the subject to the rest of the
THRIM DRIVE circuitry.

2.1.3 Sense Channel Blocks 1-4

The bulk of the THRIM front panel area is occupiBdthe controls for the (up to) 4
individual Impedance "Sense" or measurement chanrigdch channel block includes an
impedance LCD display along with LCD Range and 8ewontrols, a Pulse Amplitude switch,
and the Input Connector for each channel.

2.1.3.1 Ro/Xc Impedance LCD Display
This LCD shows the Ro or Xc value (in Ohms) besegsed by the particular channel.
(Stray symbols may sometimes also show on this EGRese stray symbols should be ignored.)
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2.1.3.2 LCD Source Selection Switch
This "toggle" switch selects either the Ro (segmesistance) or the Xc (segment
capacitive reactance) value for display on the LCD.

2.1.3.3 LCD Range Selection Switch
This "toggle" switch selects either a 0-200 Ohmgeg or a 0-2,000 Ohm range for the
LCD. (Note that the actual range of the THRIM doetextend very far beyond 400 Ohms.)

2.1.3.4 Pulse Amplitude Selection Switch

This switch selects how much amplification is &plto the dR signal. Some segments
may have a very pronounced pulsatile componentsamndon't require much amplification.
Some segments may have a very small pulsatile coemppand so require substantially more
amplification. Generally, the size of the dR sigegroportional to the segment Impedance. A
higher segment impedance will usually accompararger dR signal and vice-versa.

As a rule of thumb, you can start with this swiset to 100 mOhm/V, and adjust it as
necessary from this point. Note also that theaigesulting from a higher Pulse Amplitude
setting may exhibit more noise.

2.1.3.5 Segment Input Connector

The leads from the two electrodes for each segstemild be connected to this
connector. The THRIM Connection Assembly lead &thbe used for this. The electrode ends
should be connected to the two electrodes on thiesifor the desired segment, and the other
end of the lead connected to the proper input adone [If your THRIM includes less than 4
channels, input connectors may be present forthenplemented channels. However, these
connectors have no internal circuitry connectethém, and should NOT be used.]

This connector has 4 pins which supply connectanmdicated below.

Pin 1 -- Negative Sense Electrode Input
Pin 2 -- Sense Shield / Analog Ground
Pin 3 -- Sense Shield / Analog Ground
Pin 4 -- Positive Sense Electrode Input

2.2 Back Panel
The descriptions below refer to viewing the baakgd from the back of the THRIM.

2.2.1 Output Connectors

Output signals are provided through standard BNi@hectors located towards the center
of the rear panel. Each included channel supgliestput signals, and so includes 4 BNC output
connectors. ECG and Respiration outputs may assupplied. Labeling indicates the signal
present on each connector.

2.2.2 Battery Pockets

Three battery pockets are located on the leftaéride 2994D THRIM back panel. Each
pocket holds 2 ea. "C" alkaline batteries, prowydior a total of 6 batteries. We recommend the
use of Duracell MN1400 Alkaline batteries (or eqént) for longest battery life.
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To open the pocket, carefully un-screw the pockser (turn counter-clockwise), until
the cover comes free of the pocket.

To install batteries and close the cover, slid€?2batteries in, NEGATIVE END
FIRST, then press the cover down onto the pockettlaen turn the cover Clockwise until the
cover threads engage, then screw the cover dowrmg”samtil the cover contacts the mating
surface. This closes the cover and completesdtterlg connection. With the spring tension of
the battery pocket, correctly installing the batteover may take a little bit of practice.

Il --- Do NOT "cross-thread" the cover or the coweay not be able to
Il --- be put on or removed any more.

Il --- Do NOT tighten the battery covers TOO TIGHY! All you need to do
I ---is just "snug" the covers down on the pocke

I --- Always replace batteries AS A COMPLETE SHT!

Since each battery pocket holds 2 batteries, rergdtie second battery can be a
challenge. Slightly tilting the THRIM case towatttie back panel will cause the inner battery to
slide out. You can also apply a small piece oétaptween the two batteries when you install
them. This will allow both batteries to be easdynoved without having to tilt the THRIM
enclosure.

Il --- If the THRIM will not be used for more thamfew weeks, MAKE SURE that
Il --- any batteries are removed from the THRIMpi@vent chemical damage
Il --- to the battery pockets should the battebesome completely discharged and leak.

2.2.3 External Power Connector

This connector is a Switchcraft EN3 family 4 ponoector. External power is supplied
to the THRIM through this connector. Supplied pogieould be between 9.0 and 12.0 VDC.
The lead from the external power supply includethwhe THRIM should be connected here.
Note the following pin identification information.

Left 2 Pins -- Ground
Right 2 Pins — Positive

The Switchcraft EN3 family connector set is “keYjeathd so you will probably need to
rotate the plug to match the keying mechanismévréteptacle before you can slide the plug in.
Also, the EN3 family plug includes a locking rindniwh will need to be rotated to allow full
insertion into the receptacle. Once fully matéds tocking ring can be rotated further clockwise
to lock the plug into the receptacle. Removahef plug requires first rotating the locking ring
counter-clockwise.
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2.2.4 Power Switch

The 2994D THRIM power switch is located on thekbpanel above the external power
connector. This switch applies power to the THRib one of two sources -- External Power
or the built-in Battery.

This switch has a "center off" position. Rockihg switch towards the output
connectors supplies power from the batteries. Rgckhe switch away from the output
connectors supplies power from the External powarce.

Note that BOTH leads of both supplies are swit¢lsecheither lead of either power
source is ever connected to the other power source.

2.2.5 Power Supply Fuse

A 2 Amp regular service fuse is included in thisd holder. It is anticipated that this
fuse will rarely blow. However, should this hapgelot, contact UFI. Always replace this fuse
with the exact same type. Note that this fusactided in series with the THRIM circuitry
AFTER power is selected by the Power Switch asudised above. Note also that two types of
fuse holders may be used — see the note on page 3.

2.2.6 Current Requirements and Estimated Battéey L

The THRIM draws approximately 1.3 A during stapt-and approximately 250 mA
during normal operation. The battery pockets sedph the THRIM are configured for “C”
sized batteries, and no other sizes can or shaulgsed. The Duracell Alkaline (MN 1400) “C”
sized battery is stated to supply approximatelyAH8 Assuming the installation of a complete
set of 6 new batteries, we estimate that theseregtwill power the THRIM for more than 16
hours of operation. Note that the Power On LEDRhenfront panel of the THRIM will begin to
blink when the THRIM batteries are depleted, amuusdh be replaced.

2.2.7 Start-up Time and Power Application

The power isolators used in the THRIM have a @&l start-up current, and this
introduces a small start-up delay when the THRINMIrgt turned on. When the Power On LED
on the front panel of the THRIM is illuminated, gtstart-up delay is complete. This delay is
generally 10 seconds or less, and should be n@dausoncern while operating from the
external power supply.

However, if you are using battery power, and #etPower On LED has not illuminated
after 10 or 20 seconds (as would be expected ib#tiery voltage is too low), turn the THRIM
back off, and replace the batteries. OperatingrthRIM in the “start-up” mode for extended
periods of time may damage the power supply cirgunt the THRIM.
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3.0 Using the THRIM

3.1 Supplying Power

Power must be supplied to the 2994D THRIM befoman be used. Note that, for best
battery life (if you will be using batteries), thiélRIM power switch should probably be left in
the OFF (center) position until you are ready totdhe “stabilization time” and collect subject
data.

3.1.1 Battery Operation

If the 2994D THRIM will be operated from interrtztteries, they should be installed at
this point. Note that the batteries must BOTHrisdlled NEGATIVE END FIRST into each
pocket. Note also that you should install a COMPEESET of fresh batteries.

Il --- Do NOT tighten the battery covers TOO TIGHY! All you need to do
Il --- is just "snug" the covers down on the pocke

As mentioned above, since each battery pockestlahtteries, removing the second
battery can be a challenge. Slightly tilting tHéRIM case towards the back panel will cause
the inner battery to slide out. You can also agp$ymall piece of tape between the two batteries
when you install them. This will allow both bate=r to be easily removed without having to tilt
the THRIM enclosure.

3.1.2 External Power Input

You can also power the 2994D THRIM from the ex&iDC power supply provided
with the THRIM. This supply should be connectedhi® THRIM via the external power
connector on the back panel of the THRIM.

3.1.3 Stabilization Time

We recommend that you apply power to the THRINeast 3-5 minutes prior to
performing subject data collection associated wathr research. Note that you will probably
want to perform the subject connection processdised below) before turning the THRIM
power on.

3.2 Electrode Prep and Placement

One of the most important steps in instrumentiogrysubject for Impedance
measurements, is the actual placement of the etjeiectrodes. Both experience and a good
knowledge of Impedance measurement will combing yaiur desired research goal in order to
suggest the optimum electrode configuration forryesearch. The information in this section is
offered as a starting point, to help you get aagfeal with the use of the THRIM. Also, section
5.4 includes an overview of some of the aspectsdffiect the Skin to Electrode interface.

For many years, high quality, disposable Ag-AgECG Electrodes” (such as Conmed
p/n 1690) have offered good performance for sen$iegubject's segment impedance. These
electrodes can be used with the 2994D THRIM inpatls. Conmed has also developed a "flat
patch" electrode (their "Fastrace 4", p/n 1915) fe@ms to work very well for Impedance
measurement. The advantage of this type of elgeti®that the contact area is quite a bit larger
than ECG electrodes, which is very good for impedameasurement.
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Il --- Note that the clip at the end of the THRI®NNnection Assembly leads
IIl --- has a special connector that can be used either of these two
I --- types of electrodes !!!

3.2.1 Disposable Ag-AgCl "ECG Electrode”
Consult this section if you will be using standatposable Ag-AgCl "ECG
Electrodes".

3.2.1.1 Site Preparation

The skin at the selected electrode sites shouldifped with a cotton ball (or something
similar) wetted with Alcohol. The Alcohol shoulden be allowed to evaporate prior to placing
the electrodes. This step removes skin oils tleat hinder secure electrode attachment.

You may also find that some form of mild skin ahoa, especially at the two outer Drive
electrodes, may help supply better signals.

3.2.1.2 Conductive Column Evaluation
We have found that the conductive column of eiffmam or Mesh Column electrodes
can dry out, even if the electrode is taken frosealed, sterile package.

I --- A dry conductive column will result in vagtinferior data!

This particular step in the process of connecyimgy subject, is probably the most
important. You should visually evaluate the coritheccolumn of EACH electrode prior to
placement on the subject. The column should kerlgléwet”, and full of conductive gel.

We have found it helpful to "re-hydrate" the coatie column of the electrodes with a
drop of water, especially if it looks dry. Thiscghd be done right before applying the electrodes
to the subject. If the electrode has clearly daay the electrode should be disposed of, and
another electrode selected.

“Solid Column” electrodes are growing in popularitSuch electrodes replace the wet
column with a solid block of bio-conductive matéri&uch electrodes take a long time to
“conform” to the skin surface (30-60 minutes or sjpand require additional circuitry in the
sensing electronics to offset the much higher antapedance such electrodes supply. Do
NOT use “Solid Column” electrodes with the THRIM,wastly inferior data will result.

" --- A UFI model 1089 Checktrode is includedtiviyour THRIM to allow you to get
Il --- a basic idea of the quality of the electeocbntact. Refer to section 5.3 for a
Il --- discussion of the benefits and use of tévice.

3.2.2 "Flat Patch" Electrodes
Consult this section if you will be using Flat &aktlectrodes. The adhesive patch
supplies fairly uniform contact, so an Alcohol Wiigegenerally all you need to do.

3.2.2.1 Alcohol Wipe

The skin at the selected electrode sites shouldifped with a cotton ball (or something
similar) wetted with Alcohol. The Alcohol shoulden be allowed to fully evaporate prior to
placing the electrodes. This step removes sksitbdt may hinder secure electrode attachment.
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3.2.3 Recommended Electrode Placement

The nature of the research being performed usdaitates what segments are to be
instrumented for impedance measurement. As yomécup to speed” with the use of the
THRIM, you may want to start with a simple, singegment setup. For example, you can place
two sense electrodes across the forearm for aesgggise segment, and then add two drive
electrodes, one on the back of the hand, and ameeahe elbow. Once this simple setup is “up
and running”, you can work on an electrode arraregerthat meets your target research
requirements.

If you will be using disposable “ecg electrodesthathe THRIM, current density
considerations suggest that two or more electrptieed around the radius of the desired site,
connected together, may supply the best overalltseesThis aspect may need to be empirically
evaluated.

Il --- The actual PLACEMENT of the electrodes isGRUCIAL
Il --- IMPORTANCE for accurate impedance measuratne

One of the most important things to remember wherking with impedance
measurement is that it is a "Series" process.tHaravords, ALL of the sense segments (and so
ALL sense electrodes) should be placed along abketeeen the two Drive electrodes. This is
because the Drive electrodes inject a small cuiretite subject, which flows in a roughly
straight path from one of the drive electrodesh®dther.

Il --- For best results, the two electrodes of BA€ense segment MUST be placed
Il --- along the shortest line drawn between the DRIVE electrodes.

If two SENSE electrodes for a segment are plaeedllgl to the line between the two
Drive electrodes, but away from the center of the,lthe actual current density may be slightly
lower, and the sensed impedance will be below thehimpedance as a result.

If two SENSE electrodes for a segment are plaocetside of" the two Drive electrodes
(i.e. not between them) the drive current densitiylve very small and the sensed impedance
will also be very small.

Likewise, if two SENSE electrodes for a segmeat@aced along a line that is
PERPENDICULAR to the line between the two Drivectledes, there will likewise be little to
no current density differential, and so the actnahsured impedance will be very low.

Il --- These considerations are ESPECIALLY impoitd your research
Il --- is focusing on looking at the PULSATILE sigls dR and dR/dt!!!
Il --- If you instrument the segment electrodesarrectly, then the

Il --- corresponding Pulsatile signals will ALS@ lncorrect!!!

3.2.3.1 An Example

A two-channel example might prove helpful herdisTexample provides for
instrumenting a subjects lower leg and fore-arrhe @&ctual Drive path needs to be linear, so one
drive electrode is placed on the top of the font the other drive electrode is placed on the back
of the hand. The actual drive current will flowadine from the top of the foot, up the leg, up
along the closest side of the body, down the and,ta the back of the hand.

Nk,
[\
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For this example, lower leg sense electrodes egudred at the ankle and below the
knee. Fore-arm sense electrodes can be placedglast the elbow, and on the inside of the
wrist.

Now, if you placed two sense electrodes on thesig arm, your readings will be very
low, since these two electrodes are far away fitoerpgath between the two drive electrodes.
Also, if you placed two electrodes horizontally@ss the chest, the readings will likewise be
very low, since the sense channel would be samplisignal perpendicular to the current flow.

3.3 Input Assembly connection
Once electrodes are placed on the subject, yauldlige the THRIM Connection
Assembly leads to connect the electrodes on thiecuo the THRIM.

3.3.1 THRIM Connection Assembly Leads

There should be 3 to 5 THRIM Connection Assembads included with each THRIM
(depending on the number of THRIM channels suppli&éhch THRIM Connection Assembly
lead has a 4 pin male LEMO (1B) connector on ortk and two lead wires terminated with
electrode connectors on the other end.

Il --- The THRIM Connection Assembly leads supdliwith the THRIM
Il --- ARE ALL IDENTICAL, and can be used for th@ngle Drive output
Il --- or any one of the (up to) 4 Sense inputs.

Especially for a 3 or 4 channel subject connec¢tyoi may find it helpful to somehow
“color-code” the Segment Sense Connection Asses#ily: To do this, you can use some
locally available colored marking medium (colorehy tape for example), and add some color
indication both to the sense channel area on thieIVHront panel, as well as the actual
Connection Assembly lead ends.

Note also that all THRIM Connection Assembly lehddse a coded band near the subject
connected clips — both Red and Blue. These coloaeds indicate the POLARITY of the
Connection Assembly leads. This aspect is discussee below.

3.3.2 Electrode Connection

First, connect the 2994D THRIM input leads to ¢hectrodes located on your subject.
The input leads supplied with the THRIM use a sgpleddamping electrode connector which
works with either disposable ECG or Flat Patchteteles. These electrode connectors may
require a little practice before they can be ediitly used. Start by pulling the green tab/lever
end Up and Away from the front of the connectoaar&/hen this lever is flipped up, the
locking mechanism inside the connector is released.

3.3.2.1 Disposable Electrodes

The hole in the bottom of the electrode connesimuld be placed down over the male
stud included on disposable ECG electrodes. Téergiever can then be folded back down
towards the front of the electrode connector. Aamical linkage inside the connector actually
clamps the stud end inside the connector, provilotf electrical connection as well as secure
mechanical attachment.
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3.3.2.2 Flat Patch Electrodes

One end of the Flat Patch electrodes has a Talstharved, conductive, and has no
adhesive material. This Tab end of the Flat Patebtrode should be inserted into the open
"Jaw" area of the electrode connector, in betwhenretal upper and lower plates. After this is
done, the green lever can then be folded back dowards the front of the electrode connector.
This action forces the two plates of the "jaw" tonpress, which forces them together around the
Tab on the electrode. This clamping supplies Bdtconnection to the electrode through the
Tab, and also serves to mechanically anchor tlatretee connector to the electrode.

3.3.2.3 Connection POLARITY

As mentioned above, the individual wires of eaétRTM Connection Assembly lead
have a colored band near the electrode conneatidr-dRED or BLUE. Since the excitation
signal is AC the overall polarity is not important.IS important however, that the “polarity” of
all connected channels be the SAME !!!

Il --- When connecting the THRIM Connection Assdynleads to the
Il --- Subject, for EACH pair of leads, the REDatis should always be
Il --- on one side, and the Blue leads should guae on the other side.

Note that the specific polarity of an individualacimel is not important -- but it is important that
the polarity of all channels IS THE SAME!!!

Il --- If one of the Impedance Display meters be THRIM front
IIl --- panel reads negative, this is probably hessathe actual electrode
Il --- connections on the subject for that charemel BACKWARDS!!

3.3.2.3.1 Following the Above Example

We can use the 2 channel example from aboveustidite the proper connection of the
THRIM Connection Assembly leads to the subject. haee two options as far as the actual
connection polarity is concerned, and both willgyghe same data.

Option #1
Hand -- Drive -- Red
Wrist -- Sense, Chl. -- Red
Elbow -- Sense, Chl. -- Blue
Knee -- Sense, Ch2. -- Red
Ankle -- Sense, Ch. 2 -- Blue
Foot -- Drive -- Blue

Option # 2
Hand -- Drive -- Blue
Wrist -- Sense, Chl. -- Blue
Elbow -- Sense, Chl. -- Red
Knee -- Sense, Ch2. -- Blue
Ankle -- Sense, Ch. 2 -- Red
Foot -- Drive -- Red
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For Option #1, the RED lead is always on the HA®@E of the pair, whether Sense or
Drive. For Option #2, the BLUE lead is always e HAND side of the pair, whether Sense or
Drive.

3.3.3 Connecting to the THRIM

The subject connected THRIM Connection Assemldgdemust also be connected to the
proper connectors on the front panel of the THRIMBake SURE that the connector on the lead
for the outside (Excitation) pair of electrodeplisgged in to the "drive" connector on the left
end of the THRIM front panel. You may connect segment Sense connectors to the THRIM
in any order, but it is customary to connect tharthe order they are placed on the subject, in
order to simplify interpretation of the resultingtd.

The plugs on the leads are keyed, and can onilydeeted into the THRIM connectors
with the proper orientation. This generally invedvaligning the RED MARK found on both the
connector and the plug. Once aligned, plug theectors into the THRIM. Note also that these
connectors are locking and the connector body imeigulled AWAY from the THRIM front
panel in order to unlock the connector prior torestor removal. DO NOT TURN OR TWIST
these connectors for any reason!

3.4 Data Collection & Display Equipment Connection

The last step in preparation for using the 299HRIM is to connect the desired data
monitoring and recording equipment to the outpdthe THRIM. The THRIM outputs are
supplied via BNC connectors located on the baclepafnhese should be connected to signal
inputs on your data collection equipment. SineeTRRIM includes galvanic isolation between
the subject connected sense inputs and the outpuity, no further signal isolation is
necessary between the THRIM and your data colle@&guipment.

3.5 Application of Power, Initial Signal Evaluatioand THRIM use

After the subject is connected to the THRIM, amel THRIM has a power supply
(external or battery), and is connected to a slgtdhta monitoring device, the THRIM may be
turned on. The "rocker" of the power switch onblaek of the THRIM should be moved to
connect the desired power source to the 2994D THRIM

After a brief start-up delay, the RED "power orEL on the THRIM front panel (left
end) should be steadily illuminated to indicate f@ver is being supplied. As mentioned
above, we recommend a 3-5 minute “stabilizationietibefore you actually begin recording
THRIM data.

You should at this point start the software fourydata collection equipment, and
actually view the data being supplied by the 299HRIM. Assuming all the THRIM outputs
look as they should, you can begin your experimgmtgocol.

3.6 THRIM Simulator Use

A UFI THRIM Simulator is supplied with your 2994THRIM system. This simulator
can be used to bring up and exercise your oveHiRIM and Data Collection and Display
system prior to actually connecting a human subjétis simulator can be used to quickly
evaluate the function of any one THRIM channel.e hmulator can also be used to check out
any THRIM Connection Assembly leads, should yoypeusa problem.
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This simulator supplies two Resistance settingpr@imately 20 and 196 Ohms), which
can be used to check the Ro channel. This sinmuddo supplies two Capacitive Reactance
settings (approximately 10 and 19 Ohms), whichlmansed to check the Xc channel. For both
the Ro and Xc channels, scaling is fixed at 1V 8 @dms. So, 196 Ohms should supply an
output of approximately 1.96 Volts, 20 Ohms shau@ply an output of approximately 0.2
Volts, etc.

In addition, this simulator supplies a "Delta @Am" momentary action toggle switch
that can be useful in evaluating the performandd®fPulsatile” channels dR and dR/dt. With
the THRIM channel Pulse Amplitude switch set to B@0hm/V, toggling the Delta 0.1 Ohm
switch should result in an approximately 1.0V chaimgthe dR output. Also, at this Pulse
Amplitude setting, you should see an approximadebyV spike in the dR/dt channel.

Note that this simulator is purely passive, and assult does NOT require a battery of
any kind.

3.7 Empirical Validation

The above directions for electrode placement asdshould be viewed as initial
guidelines only. We fully expect that you will mk empirically identify the optimum
configuration for you specific research goals aratqxol.
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4.0 Specifications
4.1 THRIM Hardware Specification
4.1.1 Signal Conditioner Characteristics

4.1.1.1 Excitation Signal
Excitation Type
Final Drive Configuration
Excitation Level
Subject Coupling
Approximate Drive Output Impedance

4.1.1.2 Sense Channels
Input Configuration
Input Impedance

4.1.1.3 Impedance Outputs
Demodulation Method
Ro, Xc Output Scaling
Ro, Xc Output Range
Ro, Xc Output HF Filter
Ro, Xc Output Impedance

4.1.1.4 DeltaRo (dR) Output
dR Signal Source
dR Coupling
dR Output Scaling

dR Output Range
dR Output HF Filter
dR Output Impedance

4.1.1.5 dRo/dt (dR/dt) Output
dR/dt Signal Source
dR/dt Coupling
dR/dt Output Scaling

dR/dt Output Range
dR/dt Output HF Filter
dR/dt Output Impedance

51.2 KHz Sine Wave

Constant Current

1 mA p-p

Transformer (No DC path)
1.1K (DC), 1%C)

Floating Differential
Approximately 20K

Pulsed Sample & Hold
1v =100

Approximately O to +4.5V

Approximately 25 Hz
Approximately K

Demodulated Ro
Capacitive, t = 1 second
Switch Selectable:
20, 50, 100, 200, 500, 100GV
Approximately +/- 2.5V
Approximately 25 Hz
Approximately K

dR Signal
Capacitive, t = 0.022 seconds
10X Native Response
~1V @AO0.1Q, 100n)/V
Approximately +/- 2.5V
Approximately 25 Hz
Approximately K
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4.1.2 Signal Isolation

Isolation Type
Isolation Circuit

A/D Specifications
D/A Specifications
Update Rate

4.1.3 Power Supply Characteristics

Supply Options

Selection Mechanism
Power Input Connector
Input Voltage Range
Start-up Current

Typical Operating Current
Power Isolation
Estimated Battery Life

A/D, HS Serial, D/A
ADuM1301 Digital Isolator
(Analog Devices)

12-Bit, 0-5V

12-Bit, 0-4.095V

ECG - 200 Hz.
Resp, dR, dR/dt — 100 Hz
Ro, Xc — 50 Hz

6 each “C” alkaline, or
External Power Connection
Power Switch (center off)
EN3 Family, 4 Pin
+9.0 to +12.0 VDC
Approximately 1.3 A
Approximately 250 mA
DCP020505 (Burr-Brown)
Approximately 16 Hours

4.1.4 Environmental Operational Limitations
Recommended Operating Temperature
Relative Humidity

10°C to 40°C
0% to 90% (Non-condensing)

4.2 Connector Pin Identification

4.2.1 "Drive" (Excitation) Output Connector

This 4 pin Lemo (1B) connector is located to tight of the Shield connector. This
connector supplies the DRIVE or Excitation sigialttis used by the Sense channels to measure
the impedance of each segment. The plug on thelMHFnnection Assembly lead (which
connects to electrodes placed on the subject) dhmtonnected here. Note that the Excitation
signal should be connected to the outer-most eléet on the subject.

This connector has 4 pins which supply connectassdicated below.

Pin 1 -- Negative Drive Output

Pin 2 -- Excitation Shield / Analog Ground
Pin 3 -- Excitation Shield / Analog Ground
Pin 4 -- Positive Drive Output

4.2.2 Channel Input Connector

The leads from the two electrodes for each segstenild be connected to this
connector. The THRIM Connection Assembly lead &hbe used for this. The electrode ends
should be connected to the two electrodes for gs&reld segment, and the other end of the lead
connected to the proper input connector.
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This connector has 4 pins which supply connectanmdicated below.

Pin 1 -- Negative Sense Electrode Input
Pin 2 -- Sense Shield / Analog Ground
Pin 3 -- Sense Shield / Analog Ground
Pin 4 -- Positive Sense Electrode Input

4.2.3 Output Connector
Output signals are provided through standard BNi@hectors located on the rear panel.

4.2.4 External Power Connector

This connector is a Switchcraft EN3 family 4 pomoector. External power is supplied
to the 2994D THRIM through this connector. Suppl@wer should be between 9.0 and 12.0
VDC. The lead from the external power supply ideld with the THRIM should be connected
here. Note the following pin identification infoation.

Left 2 Pins -- Ground
Right 2 Pins — Positive

4.3 Leakage Current Information

A “3-port Isolation” typology is used in the 2994IHRIM. The subject connected Input
circuitry is isolated from the (assumed to be Maiasnected) output circuitry. In addition, the
(also assumed to be to Mains connected) powerityas isolated BOTH from the subject
connected input circuitry, and also isolated fréwva dutput circuitry. As a result, typical leakage
current characteristics for this device can belyasmmarized by identifying these 3 circuit
"zones" within this device. These 3 zones have ldentified as follows:

Zone 1 -- Input Power / Primary Power Supply
Zone 2 -- Subject connected Front End circuitry
Zone 3 -- PC/A-D Connected Output Circuitry

Note also that “off the shelf” isolation circuitiy used in the THRIM. Power isolation is
performed by the DCP0Ox0505 isolators supplied byaSdnstruments. Signal isolation is
performed by the ADuM1301 supplied by Analog Desice

Leakage currents for Zones 1-3 were evaluated=abefore shipment. Prior to final
functional test, the leakage current of each 299HRIM between Zones 1, 2, and 3 is
measured and recorded below. A variable voltagd60AC voltage source (Vhipot) was
placed across the Zone barrier being measuredyiesswith a 100 KOhm series resistor. The
voltage generated across the series resistor eaddylates to the actual leakage current using
the equation I=E/R. The leakage current was medsairvoltages between 100 and 500 VAC
(RMS).
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Connection was made to each Zone via the Grouddarthat Zone. All 4 power input
pins were tied together and used for connectighe@aground grid for Zone 1 (external power),
and the power switch rocker set to the Externalgrgyosition to complete the connection. For
Zone 2 (subject connected circuitry), a speciaheator was inserted in the Channel 1 input
connector with all 4 pins tied together. It wasrtlverified that the ground connections on both
the other input connector(s) and the Excitatiomemtor were connected to this point as well.
For Zone 3, a BNC connector was inserted into Reahnector of all the channels present, and
the shield connection of all these BNC connectaseviied together. It was then verified that
the shield point of all other output connectorsevesnnected to this common point.

2994D THRIM — (typical data)

Zone 1 (Ex. Pwr.) to Zone 2 (Subj. In)

Vhipot Ires(v) Calc lleak(uA)
100 .069 0.69
200 140 1.40
300 213 2.13
400 287 2.87
500 .359 3.59

Zone 1 (Ex. Pwr.) to Zone 3 (Output)

Vhipot Ires(v) Calc lleak(uA)
100 .058 0.58
200 119 1.19
300 183 1.83
400 243 2.43
500 .303 3.03

Zone 2 (Subj. In) to Zone 3 (Output)

Vhipot Ires Calc lleak
100 .093 0.93
200 191 1.91
300 .288 2.88
400 .386 3.86
500 482 4.82
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5.0 Important Notes

5.1 Maintaining Isolation Boundaries

The circuitry built into the 2994D THRIM actualbupplies 3 fully and galvanically
isolated "Zones". As the 2994D THRIM is integratetd your test protocol, GREAT CARE
MUST BE TAKEN to preserve the viability of the isdlon of these Zones. The primary
problem has to do with cabling that is connecteth&2994D THRIM -- where it is connected,
and how it is routed.

a. Cables connected to one Zone MUST BE KEPT AV§¥doyh cables connected to other
Zones.

b. Cables connected to one Zone MUST BE KEPT AWAROM (or else be carefully
insulated from) METAL STRUCTURES that may be insgqroximity to cables connected to
other Zones.

c. A CAREFUL SYSTEM ANALYSIS should be conductexerify the viability of the cable
routing and Zone Isolation maintenance for theu'ssd” configuration of the 2994D THRIM
just to verify that the THRIM isolation capability maintained.

5.2 Other Miscellaneous Notes

5.2.1 LCD Display Consistency
We noted small variations between the LCD (botiges), and the actual voltage on the
output (measured with a DVM). These variationscarige small and can be ignored.

5.2.2 Pulse Amplitude Switch Run-in

We have encountered the need for a certain anaftinin-in" with the rotary switches
used for the Pulse Amplitude switches on the THRINhese switches are new, and a certain
number of actuations may be necessary to allowoallacts to fully connect, and actual use
should resolve this issue. If any switches pergit connection problems, contact UFI.

5.3 Using the Model 1089 Checktrode

While not perfect, "applied electrode contact ingrece” has surfaced as a good
measurable characteristic that can yield helpfigdrmation about electrode contact quality, and
has been used in this role for many years. Thesore usually takes the form of an impedance
measurement taken across two applied electrodesaanfApproximation, the human body
impedance is understood to be 1 KOhm. Experieaseloven that applied electrode contact
impedances in the 1 to 5 KOhm range will yield sigrgperformance for standard bio-electric
data sensing. In addition, if the impedance mesmsant device uses an A.C. excitation signal,
then the effects of electrode offset potentialshenmeasured impedance will be minimized.
This discussion describes the UFI model 1089 "Cinedk" MK 11l contact impedance tester,
which UFI has supplied to the research communityHis purpose for many years. The 1089
uses a 30 Hz. A.C. excitation and supplies thei@p@lectrode contact impedance for two
applied electrodes.
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A UFI model 1089 Checktrode has been included wailr THRIM system so that the
Researcher will not be "driving blind" by not knawgianything about the electrode contact
quality. HOWEVER note carefully the following pdsn

a. Impedance measured at 30 Hz. can be substantifilyesht then impedance measured at
the 51.2 KHz. excitation frequency of the THRIM.

b. The Tetra-polar configuration helps minimize isscassed by “high” contact
impedances.

Having pointed these two aspects out, the 1089 GANelpful in assessing the quality of the
applied electrodes for a given subject. In ouregigmce, for THRIM Sense Channel use, you
should target approximately 50 KOhms (“50.0”) owéy reading on the Checktrode. The
requirements for the two Drive electrodes aretke lihore stringent. In our experience, 20.0K or
less for the two Drive electrodes will yield bettkxta (skin abrasion or longer stabilization time
may be required for this low a reading). Assungogd quality electrodes, this should usually
be attainable in most cases. If the Checktroda@imgds between 100 KOhms (*100.0”) and 199
KOhms (“199”, the maximum reading of the deviceliyan either give it a try and check out
the data, or else let the subject / electrode’ (istirmalize) for 15 minutes or so, and check
again. A 1089 reading higher than 199 KOhms maygsst an electrode problem.

The 1089 is designed to assess the contact impedarough 2 electrodes. How you use
this device to test the “string” of 6 (or more)@ledes on your subject is a matter of choice. We
recommend testing across the Drive electrodes fi¥su can then check all the other electrodes
against one of the Drive electrodes. You can eth@xk 2 electrodes, move to the next 2
electrodes, etc. Since the internal resistantlkeohuman body is approximately 1 KOhm or
less, the distances between the two electrodeg bested is generally not that great of an issue.

The instructions for the 1089 Checktrode are ietlwith the Checktrode, and you can
refer to them for the use of the 1089. In summyoy, connect the 1089 input leads between the
two electrodes you wish to test (on your subject) the 1089 input connectors (along the
bottom of the 1089), press the large red buttotufto the 1089 on), then set the function switch
to "contact (KOhms)", and the LCD will read the kgxqb electrode contact impedance for the
two electrodes (in KOhms, i.e. a reading of "30r@ans 30.0 KOhms).

For the reasons discussed above, the use of 88&Q@ecktrode with electrodes applied
for THRIM use, should not be viewed as a simplesffag check. Instead, the actual Checktrode
contact impedances can suggest that electrodegonslyhay exist if very high contact
impedance values are seen with the Checktrode.

5.4 Overview of Aspects effecting Electrode Coherformance

An understanding of some of the factors that dectelectrode contact quality can be
very beneficial for the use of the THRIM. Whiletran exhaustive list, some of these factors
are discussed below.

5.4.1 Electrode Chemistry (Ag-AgCl)

Different electrode chemistries offer varying "&ay Voltage" potentials, and we
recommend Ag-AgCl electrodes for the Source aneéRete electrodes. Ag-AgCl electrodes
have been the standard for many years due toltveiBattery Voltage potential.
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5.4.2 Skin Surface Consideratons

Human skin is generally neither flat nor smootit is porous, irregular, elastic, and
coated with sweat and other skin oils. In additite top layer of the skin is composed of dead
but still connected skin cells. These characiesagienerally preclude just placing a metal plate
down on the skin and collecting good data.

5.4.2.1 Electrode Adhesion

The nature of the skin surface highlights this enmrechanical issue. Most electrodes are
held to the skin by means of a moderate adhesaa@eglon thin material surrounding the
electrode / conductive column. The success witithvthis adhesive remains firmly seated on
the skin depends on how "clean” the skin is. Swaadtskin oils can easily prevent secure
attachment.

You will find better success at electrode adhebipputting some alcohol on a cotton
ball (for example), and scrubbing the entire etatrsite area. After the alcohol dries, you can
place the electrode, and then gently press théretkeradhesive into the skin around the
periphery of the electrodes. (Do NOT press oretbetrode center !!)

Also, given the weight of the leads connectedheodlectrodes, you may find it necessary
to actually secure the leads to the subject withisal tape, in order to prevent the weight of the
lead from pulling the electrodes off.

5.4.2.2 Conductive Column

Until very recently, standard practice involved tise of some form of liquid or gel
"conductive column" between the electrode surfaxwkthe skin (generally retained by some
form of mesh, loose foam or other matrix materlatpd over the electrode surface), and most
electrodes included this as a part of the electrddes conductive liquid is intended to bridge
the gap between the actual electrode surface ananiherlying tissue in the skin, through the
sometimes very irregular skin surface. We reconthiba use of such "gel column" electrodes
for the Source and Sense electrodes.

Solid Column electrodes are growing in popularlye mainly to cost and long term
stability issues. In the place of the wet columiblock of solid bio-conductive material is
placed between the electrode and the subject. idgppbntact impedance for these electrodes is
generally quite high, and equipment designed tahisaype of electrode usually includes
additional circuitry to accommodate the higher eshtmpedance and the resulting signal
degradation. As mentioned above, we do not recamdrtieat solid column electrodes be used
with the THRIM.

5.4.2.3 Skin Abrasion

"Skin Abrasion” has been used for many yearsrasans for improving the contact
impedance of an applied electrode, and some forabiasion can enhance the quality of
impedance data measured by the THRIM. This inwli@ng some form of lightly abrasive
material to remove the dead skin layers at therelge site, in order to improve the electrode
contact characteristics. For general THRIM usey mat be necessary. If it is, abrasion of the
two Drive electrodes is probably sufficient.
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The goal of skin abrasion is to remove dead skihout breaking into the active skin
layers underneath, which will cause bleeding, whwdhmake the site unusable. This process
must be done carefully and conscientiously -- dorash this step!!! A good rule of thumb is to
lightly and gently abrade until the shade of thia flegins to show a very faint pink component -
- then stop! A gentle alcohol wipe afterwards batp further remove any remaining dead skin.

This practice is not very popular, but is somesirhelpful to obtain good electrode
contact performance, but should be used conseehativn some cases, and on some subjects,
the use of skin abrasion may be the only way tdhggt quality data. Note however, that if you
have time, the "Normalization" process (see belmay accomplish the same results.

5.4.3 About Re-Hydration
Most wet-column electrodes have a limited shéf liIEven if still sealed in their sterile
pouch, the conductive column will slowly dry ouhi$ surfaces two very important issues.

a. You MUST visually inspect the conductive coluafifieACH electrode prior to placement on
the subject. If the column looks dry, you caneitbonsider re-hydration (below) or dispose of

it and try another electrode. (Remember that thstraxpensive electrode still costs far less than
the hourly costs for running your research protcol

b. Partially dry electrodes can sometimes be Ydrdited”, then applied, and be used
successfully. Re-hydration involves adding a dvopwvo of distilled water to the conductive
column of the electrode in an effort to re-hydrde conductive column. Allow the electrodes to
sit a few minutes before application.

Generally, the process of re-hydration involvesadé-off. Adding a little water to the
conductive column can allow the electrode to marieldy establish a high quality electrode
contact. This is because the water more rapidpséhrough the skin layers to allow contact to
the underlying tissue. This same added mobility also shorten the overall useful life of an
applied electrode / skin interface, as the watdrhave a tendency to seep away from the
column and/or evaporate. This aspect really dependhe time-frame of the anticipated
protocol.

5.4.4 Electrode Normalization

After applying an electrode to a subject, twoididtinterfaces begin to form, and
generally take a certain amount of time to fullyiojze. This "Optimization Time" can be
referred to as the Normalization process.

A certain amount of normalization takes placediyeat the electrode surface, as the
Electrode and the Electrolyte in the conductiveioui respond to the starting flow of current.
More importantly, the portion of the conductive woin in contact with the skin begins to
penetrate whatever dead skin cell layers are prasender to reach conduction with the live
tissue underneath. Of the two, this last processgbly takes more time.

In general, this Normalization process can takéherorder of 15-45 minutes, even if no
other site preparation is performed. Thus, if yotatocol allows for longer Normalization
times, this can relax other electrode site skiparation requirements.
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ECG and Respiration Signal Conditioner Extensions
2994D/4 THRIM

6.0 Extension Description

The 2994D/4 THRIM is a Tetra-polar High Resolutlonpedance Measurement device,
designed for use with human subjects. A singlecffakion” generation block supplies the
necessary drive signal, while up to 4 "Demoduldtidocks sense and supply 4 Impedance
values from each subject segment located betweetwii Drive points. Subject connection is
via electrodes placed on the skin.

The functionality of the 2994D/4 THRIM can be ended with the inclusion of one (or
both) of two optional signal conditioner channel&€G and Respiration. When included, these
signal conditioners are built-in to the 2994D/4lemare, and can supply relevant information
helpful in interpreting the pulsatile data supplmdthe 2994D/4 THRIM.

One or both signal conditioners may be includeith wour THRIM. The information
that follows covers the use of both of these exterss If your THRIM only has one of these
extensions, the information about the other exteansan be ignored.

The ECG Bioamplifier is a custom designed sigmaditioner configured for amplifying
a human ECG signal. The subject's ECG is sensetl HCG electrodes placed so as to
maximize the ECG signal. Signal conditioner gaifixed at 1,000, and the passband extends
from approximately 2 Hz. to 40 Hz.

The subject's Respiration signal is sensed usldglanodel 1132 Pneumotrace
Respiration transducer. The 1132 and attachiag sthould be placed around the subject's chest
to sense the changes in chest diameter that acoym@spiration. The Respiration transducer
connects to a signal conditioner in the 2994D/4 TWEhat amplifies the transducer signal.

Gain and filtering are as required for use with1482.

Both the ECG and Respiration signals share the sagmal modulation / isolation /
demodulation scheme as is used by the ImpedancalsigAmplified, conditioned ECG and
Respiration signals are presented as outputs tisngame connector approach as is used by the
Impedance outputs.
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7.0 Connectors, Controls and Indicators
The connectors associated with the ECG and Régpirsignal conditioners are
described next.

7.1 Front Panel

7.1.1 ECG Input Connector

This 3 pin Lemo (1B) connector is located aboweS$hield connector. The plug on the
ECG Input Assembly lead (which connects to ele@saolaced on the subject) should be
connected here. The ECG connectors are color-cedeeh.

This connector has 3 pins which supply connectassdicated below.

Pin 1 -- Reference / Analog Ground
Pin 2 -- Positive Input
Pin 3 -- Negative Input

7.1.2 Respiration Input Connector
This 5 pin Lemo (1B) connector is located abowe@hnive connector. The plug on the
1132 Pneumotrace Input Assembly lead should beemted here after the 1132 is attached to
the subject with the included Velcro strap. Thepieation connectors are color-coded Blue.
This connector has 5 pins which supply connectanmdicated below.

Pin 1 -- Transducer Positive
Pin 2 -- Transducer Negative
Pin 3 -- (not used)

Pin 4 -- (not used)

Pin 5 -- (not used)

7.2 Back Panel
7.2.1 Output Connectors

The ECG output is supplied via a BNC connectoeled "ecg”. The Respiration output
is supplied via a BNC connector labeled "resp"
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8.0 Use

8.1 ECG Electrode Prep and Placement

One of the most important steps in instrumentiogrysubject for ECG is the actual
placement of the 3 required electrodes.

For many years, disposable Ag/AgCI| ECG Electrqdash as Conmed p/n 1690) have
offered the best performance for sensing the stibjE€G. These electrodes can be used with
the 2994D/4 THRIM ECG input leads.

Conmed has also recently developed a "flat pagtgttrode (their "Fastrace 4", p/n
1915) that shows promise. The advantage of tpis tf electrode is that the contact area is
quite a bit larger than ECG electrodes. Thesdrel@es can also be used with the 2994D/4
THRIM ECG input leads.

The clips at the lead ends of the ECG input askeh@ve a special connector that can be
used with either of these two types of electrodes.

Note finally that light skin abrasion may be reqdi at the electrode sites (especially the
Reference lead) depending both on the subjectisaskivell as the amount of interference in the
test area.

8.1.1 Disposable Ag/AgCI "ECG Electrode"
Consult this section if you will be using standat$posable Ag/AgCl "ECG Electrodes".

8.1.1.1 Alcohol Wipe

The skin at the selected electrode sites shouldipped with a cotton ball (or something
similar) wetted with Alcohol. The Alcohol shouldein be allowed to fully evaporate prior to
placing the electrodes. This step removes sksitbdt may hinder secure electrode attachment.

8.1.1.2 Conductive Column Evaluation
We have found that the conductive column of eiffmam or Mesh Column electrodes
can dry out, even if the electrode is taken frogealed, sterile package.

I --- A dry conductive column will result in vagtinferior data!

You should visually evaluate the conductive coluwh&ACH electrode prior to
placement on the subject. The column should kerlgléwet”, and full of conductive gel.

We have found it helpful to "re-hydrate" the coative column of the electrodes with a
drop of water (especially if it looks dry). Thisaild be done right before applying the
electrodes to the subject.

8.1.2 "Flat Patch" Electrodes
Consult this section if you will be using Conmedat Patch electrodes. The adhesive
patch supplies fairly uniform contact, so an AlcbWape is generally all you need to do.
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8.1.2.1 Alcohol Wipe

The skin at the selected electrode sites shouldipped with a cotton ball (or something
similar) wetted with Alcohol. The Alcohol shoulden be allowed to fully evaporate prior to
placing the electrodes. This step removes sksitbdt may hinder secure electrode attachment.

8.1.3 Recommended Electrode Placement: Sternum-V6

The human ECG is a very "Polar" signal. The ddigmal sensed from electrodes
depends largely on the actual placement of the El@Grodes relative to the axis of the heart.
As a result, the researcher will need to deterrthieespecific electrode placement that will
supply an ECG signal that most clearly exhibitsdbsired waveform characteristics for his or
her research.

As a starting point, we can recommend the follgnetectrode placement: Sternum - V6.
This electrode placement usually results in a blyitaized and morphologically useful ECG
signal.

Start by placing the POSITIVE (RED lead) electrodehe subject's left side (on the
midline) at the V5 or V6 level -- i.e. approximatd@" below the Arm-pit. Place the NEGATIVE
(BLACK lead) electrode on the Sternum (top of thedst-bone). The REFERENCE (GRAY
lead) electrode can be placed anywhere convenretiteosubject's right side. If, for some
reason, a larger ECG signal is required, the Sterelectrode can be moved to the bony
protrusion on the right shoulder.

8.1.4 Electrode Connection

First, connect the 2994D/4 THRIM ECG Input Asseyribhds to the electrodes located
on your subject. The ECG Input Assembly lead emitis 3 electrode clips. The ECG signal is a
“polar” signal, and observing the proper connecpoiarity will result in the ECG signal having
the proper orientation and size.

On some ECG input leads, the actual “polarityhisrked using text notes on the actual
connectors. Where the individual lead wires eatah clip, a text LABEL has been attached,
indicating the nature of the signal for each clipPOS for Positive, NEG for negative, and REF
for Reference.

For other ECG input leads, the color of the waading to the connector actually
indicates the polarity — the Red wire is the Pasithput, the Black wire is the Negative input,
and the Gray wire is the Reference connection.

Il The placement of the properly labeled clip bl subject is crucial!!!

The ECG Input Assembly lead supplied with the Z994THRIM use a special clamping
electrode connector which works with either disgpds&CG or Flat Patch electrodes. These
electrode connectors may require a little pradiiefre they can be efficiently used.

Start by pulling the green tab end AWAY from thent of the connector area. When
this lever flipped up, the locking mechanism indide connector is released.
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8.1.4.1 Disposable Electrodes

The hole in the bottom of the electrode connesiauld be placed down over the male
stud included on disposable electrodes. The deaem can then be folded back down towards
the front of the electrode connector. A mecharioébge inside the connector actually clamps
the stud end inside the connector, providing btghtecal connection as well as secure
mechanical attachment.

8.1.4.2 Flat Patch Electrodes

One end of the Flat Patch electrodes has a Talstharved, conductive, and has no
conductive, adhesive material. This Tab end oRlae Patch electrode should be inserted into
the open "Jaw" area of the electrode connectdrefween the metal upper and lower plates.
After this is done, the green lever can then beddlback down towards the front of the
electrode connector. This action forces the tvadgs of the "jaw" to compress, which forces
them together around the Tab on the electrodes dlamping supplies electrical connection to
the electrode through the Tab, and also servesthamically anchor the electrode connector to
the electrode.

8.1.5 Connecting the ECG Input Assembly to theaBiplifier

After the electrode connectors are connectedda@telectrodes on the subject, the other
end of the input lead should be plugged into tlog™enput connector on the front panel of the
2994D/4 THRIM. This connector is keyed, so you magd to rotate the connector until proper
alignment allows connector insertion. Slide thareector into the jack until a faint "click" is
heard, signifying engagement of the locking mecérani

To remove the plug, simply pull the connector badsay from the 2994D/4 THRIM

front panel. This disengages the locking mechangsrd allows connector removal.

8.2 UFI model 1132 Pneumotrace transducer attachmen

The 2994D/4 THRIM uses UFI's model 1132 Pneume{RLRespiration transducer
placed around the subject's chest. This transduggalies a fairly robust Respiration signal, and
is also fairly easy to apply to the subject.

8.2.1 UFI model 1132 Attachment

The Respiration channel of the 2994D/4 THRIM sers#ject respiration using a UFI
model 1132 Pneumotrace respiration transducers Sdéif-exciting transducer is placed around
the chest using the included velcro strap. Asstiigect's chest diameter expands and contracts
with respiration, the signal generated by the 1fbB8ws the change in chest wall diameter.

For best results, evaluate the subject's chestigfr several breaths in the expected test
position. Try to determine that chest cross-saotihich changes most with normal respiration.
Try also to identify a site where the 1132 and Yelzand are not prone to slipping or otherwise
moving to a different location.

Once the desired site is located, have the subjéttle and hold, then place the 1132
with the included Velcro strap around this crosstis@, and connect the two loose ends so that
all slack is removed from the 1132/strap. (Hawedhbject resume breathing!) The goal is to
apply the 1132/strap so that at maximum exhalatleere is no slack in the 1132/strap. If the
1132/strap is tighter, the output signal may beiced. Make sure the 1132/strap is not so tight
that the subject's normal breathing is hindered!
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8.2.2 Connecting the 1132 Input Assembly to the4?94 THRIM

After the 1132 transducer is attached to youresttbihe other end of the input lead
should be plugged into the "resp" input connectothe front panel of the 2994D/4 THRIM.
This connector is keyed, so you may need to roteteonnector until proper alignment allows
connector insertion. Slide the connector intojéoé until a faint "click” is heard, signifying
engagement of the locking mechanism.

To remove the plug, simply pull the connector badsay from the 2994D/4 THRIM
front panel. This disengages the locking mechan@smd allows connector removal.

8.3 Application of Power and Initial Signal Evaiioa

After the subject is connected to the 2994D/4 TMRANnd the 2994D/4 THRIM has a
power supply (external or battery), and is conrgttdea suitable data monitoring device, the
2994D/4 THRIM may be turned on.

You should now start the software for your datbection equipment, and actually view
the ECG and Respiration data being supplied bp#®4D/4 THRIM. Most subjects will supply
an approximately 1V P-P ECG signal, and the QR pbauld be positive. Also, a typical
Respiration signal should appear as roughly triarxqaeaks extending up from the baseline at
regular intervals. The peak height will vary frembject to subject, but will be on the order of
1V for "normal breathing".
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9.0 ECG and Respiration Extension Specifications
9.1 ECG Signal Conditioner Characteristics

Subject Signal ECG

Sensing Method Bio-electric

Subject Connection
Electrode Type
Input Connector
Input Impedance

Amplifier Gain

Low Frequency Roll-off
High Freq. "Flat" Limit
Output Impedance
Output Voltage Range

3 Electrodes (Pos, Neg,) Ref.
Disposable ECG / Flat Patch
Lemo 1B Family, 3 Pin
Approx. 80KOhms

(Pos. and Neg. to Ref.)

1,000 (1 mV in = 1V out)
Approx. 2 Hz. (-3 dB)
Approx. 40 Hz.

Approx. 5 KOhms

+/- 2.5 Volts

9.2 Model 1132 Respiration Signal Conditioner Gloteristics

Subject Signal

Sensing Method
Subject Connection
Input Connector
Amplifier Gain

Low Frequency Roll-off
High Frequency Roll-off
Output Impedance
Output Voltage Range

Respiration
Transducer
1132+velcro around chest
Lemo 1B Family, 5 Pin
as req. for 1132
Approx. 0.04 Hz. (-3 dB)
Approx. 2.5 Hz. (-3dB)
Approx. 5 KOhms
+/- 2.5 Volts
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