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A VERSATILE PLETHYSMOGRAPH FOR RESEARCH -- Model 270
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Price: $150
(less accessories)

MODEL 270 PLETHYSMOGRAPH

¢ oy TIME CONSTANT
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OPERATE SHORT LoNG

PARKS ELECTRONICS LABORATORY, BEAVERTON, OREGON

Used to record small changes in the volume of digits, limbs, the chest, arteries
and organs,

2 METHODS OF DETECTING VOLUME CHANGES

1.

Impedance Method: Electrical impedance (resistance) of a digit, limb, artery,
organ or tissue segment changes with blood volume. Hypodermic or surface
electrodes may be used., An excellent method for studying time relationships
in the cardiovascular system, making pulse~contour studies and taking systolic
blood pressure measurements on animals (with the proper type cuff.)

Z.J/Circumference Method: Uses highly elastic tubing filled with mercury., Resis-

tance of the enclosed mercury column changes with its length. Unlike tubing
filled with electrolytes, these gages are very quiet. Recordings are easily made
quantitative in units of length. ,

Gages shown are
priced from $3 to $7

shelf life,
Outside diameter of

.015 to .045 inch

Some typical mercury strain gages used in research and clinical studies.
(over)

each. They have a long
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MERCURY STRAIN GAGE - A,C, Output, Left, below, gage is wrapped twice around
the tail of an un-anesthetized but restrained white rat. Right, our smallest gage is
sutured to the sclera of a rabbit., Eye muscles were cut so that only pulsations of

the globe would be recorded., Lids were not touching the gage or wires to it, Chang~
ing the fluid pressure within the eye by means of a syringe modified the pulsations.

'
TTT T T
PrT ¥t i8]
17 i 5 A=Y WW

1 ¥ N}
Tt

1

INEDE SN NN BN
IENNE NN A

NN ASEED NN
1
¥

11T
B
H

Tt
T

11
1T
i
1T
; 1
T *ﬂ
FHH
T
11T 5
e
111
HE

T
T1

1
I
11T
o
-
T
11#
1
1 )
%0
1T
% BN}

NN
T
T
T

fotd

Tt

T
T

11T
T

FEHH

Ima
T

|||||||||||||||||

<

Left, above, a normal human digital pulse, Amplitude and amount of notching in the
descending part of the wave vary considerably in the same individual from time to time

and pulse contour becomes more rounded in obstructive disease. Right, above, mercury
gage taped over the apex of the heart. Patient must hyperventilate and then stop breath-
ing for a few seconds while the recording is made because chest expansion and contraction
due to respiration interferes. This patient was standing. It is best to record the electro-
cardiogram simultaneously in order to establish time relationships. A.C, coupling is
usually used for this type of recording. The A,C, output impedance of the Model 270 is

in excess of 100,000 ohms and should be used with vacuum~tube input recorders with an
input resistance of 10 megohms (standard EKG) to preserve a reasonably long time constant.

The Impedance Method of Pulse Detection

The electrical conductivity of a segment of tissue, such as a limb, finger, or length of
artery changes with its blood volume. As blood fills a segment, its electrical resistance
decreases slightly. Contact to the tissue is made by two surface or needle electrodes.
Excellent pulse-volume waveforms can be obtained from small animals with tissue seg-~
ments of less than one-half inch. Contact is always made along the length of an artery,
never across it, Needles are inserted into the tissue near the artery, not in it. The im=
pedance waveform is free of inertia and shows more detail than the mercury gage wave-
form. It is better suited to studying precise time relationships in the cardiovascular
system because of the detail in the waveform and because surface electrodes can be placed
anyplace on the body.



APPLICATIONS: Making systolic pressure measurements and recording

changes in vasomotor tone. |
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TOP LEFT: Our Model 250 Mercury Strain Gage Plethysmograph being used to
make a blood pressure measurement at the ankle. Any of our plethysmographs
can be used to do this. The pulse-volume sensing device is placed distal to the
cuff. The cuff is inflated rapidly until pulsations disappear (above systolic pres-
sure.) Then the cuff is deflated gradually until small pulsations appear. Cuff

- pressure at this point equals systolic blood pressure at the .location of the cuff.

On cats, dogs, goats etc., that are anesthetized, the impedance method is used.
Hypodermic needle electrodes are inserted into the tail distal to a premature in-
fant size cuff. Surface electrodes may be used on un-anesthetized animals and
infants who can be restrained or pacified, A big-toe size gage can be used on the
wrist of an anesthetized infant to detect the pulse. The method of determining the
systolic pressure is the same as that outlined above. Values obtained are reason- .
able and quite repeatable.

TOP RIGHT: Localizing arterial obstructions by the blood pressure gradient method.
Systolic pressure is low distal to an obstruction. A special cuff is used.

1 T

1
T 1y 104
EEHHHH A =i t Lt 1 T Tt Tt

before occlusion reactive hyperemia

GRAPH: The ability of peripheral vessels to dilate can be readily shown by simple
methods. If a patient has an arterial obstruction and vascular surgery is considered,

it is important to know whether or not the peripheral bed can accommodate the increased
flow that would result from the surgery. A proven prognostic method is shown in the
graph. The first pulses shown are very small and rounded. After this part of the re-
cording was made, a cuff was inflated around the ankle and all blood flow was shut off
for 5 minutes, This is not painful, The resultant tissue anoxia dilates vessels after
cuff pressure is released and in this case pulsations increased in size by a considerable
amount. When initial pulses are small, a 50% increase in pulse amplitude indicates a
good distal bed., The rounded pulses which resulted are typical of those found in patients
with an arterial obstruction, especially a high one.




RECORDING EQUIPMENT REQUIREMENTS---~-Model 270 Plethysmograph

The sensitivity and input characteristics of the recorder you will need for use with

the Model 270 depends on what physiological phenomena you want to record. For

digital pulses, a standard electrocardiograph works well. They have a deflection

factor of 1 mv/cm and input resistance of 10 mﬂg\gohms or more. The electrocardiograpl

PN

KFor venous occlusion plethysmography, respiration or any other slow phenomena,
aD.C. recording‘system is required. The electrocardiograph, though it may have a
D.C. input, will not be satisfactory as a rule because of its low sensitivity on D, C.
and the fast paper speed.

//Chopper type D.C. amplifiers will usually work well with the D.C. output of the Model
270, The D.C. output impedance is about 5,000 ohms. We guarantee our Model 270
to be compatible with your recording equipment. If for any reason it is not, the
plethysmograph may be returned and no charge will be made provided the instrument
has not been damaged. The time constants in recording equipment used for elegtro-
encephalography may be too short to record adult pulse waves faithfully. Time ¢on-
stants in equipment for electromyography are much too short for use with this ple~
thysmograph. Some recording equipment, such as that made by Grass instruments,
¢an be used for plethysmography as well as encephalography. The specifications of
the recorder should be examined. A time constant of 2 seconds would be about the

minimum acceptable for recording human pulse contours.

Cable connections:

A cable with a plug to fit the patient cable receptacle of Sanborn, Burdick, Biricher &
Cambridge electrocardiographs (portable) will be supplied for $8 in lengths up to 4 ft.
Longer lengths are not recommended. Wires with clips for use with the impedance
method are 2 for $1 in lengths not over 6 ft.

GUARANTEE;

We guarantee the Model 270 against defective components and workmanship for two
years from date of purchase. Damage caused by abuse and leaking batteries is not
covered.

ORDERING REMINDERS:
1. Be sure you have a proper cable or can get one made.

2. The impedance method is very valuable for many applications, especially in timing
cardiovascular events. Order the wires if you think you may want to try this method.

3. Gages don't last forever. Through accident they may be broken. We suggest you
order at least two of each of the sizes you plan to use.

4. If you want to make systolic pressure measurements on the legs you will need a
special leg cuff. The price of this cuff is $12.50.

5. If you are on the staff of a medical school or other research institution and need
the instrument in a hurry, write, wire or phone for it. We will send you what you
need and wait until the purchase order comes before billing.

6, Mail from the east is very slow--about 5 days for a letter. Send all bid invitations !
and correspondence by air mail. ‘

419 S, W. First Avenue

Parks E/eCtroniCS Labora tory Beaverton, Oregon 97005

CARDIOVASCULAR INSTRUMENTATION Phone (A/C 503) 644-7463



THE MERCURY STRAIN GAGE
(Whitnhey Gage)

The mercury strain gage is a length of highly elastic tubing filled with mercury. Contact is
made to the ends of the mercury column by means of wires inserted into the ends of the tubing.
As the tubing is stretched, the enclosed mercury column is lengthened and narrowed, increasing
its electrical resistance. When tension is removed, the gage returns to its original length.

The resistance increases linearly with length when the length changes are small compared to the
unstretched length.

Characteristics of the mercury strain gage:

1, Tt is very quiet--doesn't generate noise like many other length transducers. The limit of its
sensitivity has not yet been determined. We have made excellent noise~free recordings of the
pulsatile changes in the eye of a rabbit (pulse & respiration) with our thinnest gage sutured to the
sclera. The practical limitation in sensitivity is the movement of the subject. In pulse

plethy smography, motion cannot he tolerated.

2. The gage is somewhat temperature sensitive, but this is very infrequently a problem. If you
blow on the gage, its resistance will change temporarily. When its temperature returns to the
former value, the resistance of the gage will be the same as before.

3. The shelf life of the mercury gage we make is from six months to over a year. We have been
making them since late 1961 and have considerable experience with them. Latex gages are
notoriously un-reliable both in use and on the shelf. The mercury-copper junction in the gage
causes the latex to deteriorate. The silastic gages we make are far superior to latex types in
reliability, elasticity and also cost much less.

4. The frequency response of the gage depends on the tension and dimensions of the gage. In '
our experience it has always been better than that required to measure physiological changes in
humans and small animals,

5. The electrical resistance of the mercury gage is very low--less than one ohm for digital
gages. For this reason it cannot be used in conventional bridges which are designed to work
with resistances of 100 ohms or more. At present we make four plethysmographs for use with
the mercury gage. All plethysmographs can be used with a standard office electrocardiograph.
Our model 270 is the only one with a D, C. output.

APPLICATION NOTES:

1. The gage must be used under fension. It should be stretched by at least 10 or 20% of its
unstretched length.

2. DRespiration monitors need not encircle the chest. An 8 or 10 inch length stretched ACTOSS
the top of the chest will work well for relative measurements and timing,

3. A frequent application in experimental surgery is around the leg of a dog, just above the
paw. An "open'' gage is used and formed into a loop around the leg. A clamp is used at the
junctions of the wire and the gage to keep tension constant on the gage. Wires to the gage
are taped to the leg to minimize artifact caused by dangling wires.

4. The mercury strain gage is not a dependable monitoring tool when used on a digit because
vasoconstriction frequently obliterates the digital pulse. Nevertheless, the mercury gage is

often used in surgery. The impedance method of pulse detection is more reliable because it

can be used farther up the limb. Using a cuff, systolic pressures as low as 20 mm. Hg. can
be determined.

5. If you have a special application in mind, a letter or telephone call may save you a lot of
time and trouble. We have several years experience with plethysmography and can pretty
well judge what will and what won't work. Make a person-to-person call to Loren Parks,
Area Code 503, 644-7463 (Beaverton, Oregon).

(over)



MISCELLANEOUS AND GAGE ORDERING INFORMATION

QUANTITY: The cost of a gage is not only in labor and materials, but correspondence, invoicing,
bidding, shipping and advertising, We have to sell at least two gages at a time to break even. All
gages are made to order, so we can't really make them very efficiently. Therefore we ask that you
order at least two gages at a time.

LIFE: Gages must be considered expendable, We guarantee them to arrive in good condition and to
be free of manufacturing defects. They will give many months of service when not abused. Since
Silastic is porous, the mercury is eventually oxidized and contact is erratic. A gage is most likely
to break at the junction of the Silastic and the copper wires inserted into the ends of the tubing. To
minimize puncture of the tubing at this junction, keep the tubing and wire gtraight at that point when
the gage is under tension. A long, open gage is easily repaired by the user. A digital gage is more
difficult to repair and should be attempted only in an emergency. Do not return gages to us for repair
as they have no salvage value. :

ALL SALES ARE FINAL: We do not guarantee the gage to do the job you want done or to work with
your equipment. From experience we have learned we must have this policy to protect ourselves.
People have attempted to return perfectly good gages simply because they were overconfident of their
knowledge of electronics and use of their equipment.. A returned gage is of no value to us. If you are
not sure of equipment compatibility, write or phone. Of course we do guarantee that certain pro-
‘cedures with which we have had experience will work with these gages and ‘with our equipment.

ORDERING INFORMATION: You must tell us exactly what you want, Order by the un~stretched
length of material. The gage must be used under tension —- a 10 to 20% stretch. The preceding
applies to "open' gages, ones not formed into a closed loop as a digital gage would be. Wires are
flexible, vinyl covered. Standard lengths are either 4 or 6 feet and the price is the same for either
of these lengths. For different lengths, add 25¢ per gage.

OPEN GAGE LENGTH - .015 x .040 material.
.015' x , 040" tubing

less than one inch $5.00 .015 x . 040 tubing is recommended for digits of adults,

" 1 to 6" inclusive 4.00 limbs, respiration and other applications where relia-
over 6' to 12" 5.50 bility is more important than extreme flexibility.
over 12" to 24" 7.00 \ . ops .
over 24" to 40" 9.00 012 x . 025 tubing is used for a very sensitive, medium

weight gage. Primary applications are in experimental
surgery where the gage is sewn to the myocardium or
around large vessels. Used on infants' limbs and fin-
gers but with some difficulty. Reliability is not as good
as with the heavier material, Add $1 per gage.

SPECIFY UN-STRETCHED LENGTH
YOU DESIRE FROM ABOVE

ITAL GAGES are made in a closed loop with . 015 x . 040 tubing. Flexible, vinyl-covered

leads are approximately 3 feet long. All digital gages with standard lead length are $4.50 each. Add
25¢ each for lead lengths over 3 feet but under 10 feet. Long leads will cause a loss of sensitivity

and are not recommended for general use. SPECIFY SIZE by telling us which digit you want the gages
to fit on what size person. Example, big toe-large; fourth toe, adult male; index finger, 10 year old
children. Or you may specify the unstretched diameter (not circumference). An assortment is often
best because it is difficult to make one gage to fit everyone. On children, use the thumb if possible.
Gages for very small fingers can obstruct venous return. Sometimes the smaller material is better.

PURCHASING DEPARTMENT: Prices above include postage and are firm through 1968. Shipment is
normally within 4 working days of receipt of order. PLEASE send your orders air mail., If you want
us to ship air mail, add 8¢ per gage, j

ADDRESS CHANGE: Please use our new business address as shown below. (May, 1968) -

PARKS ELECTRONICS LAB, 421 S,W. FIRST BEAVERTON, OREGON 97005
Area code 503 644-7463




TIMING Owwﬁﬁﬁ<>medgw m<m2Hm|||d.m® of the Impedance Eow.b%mgom&m@w and Surface Electrodes. Recordings shown on both
S sides of this sheet were made by Dr. Ernst Simonson, U. of Minn. , with our Model 225.
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PLETHYSMOGRAPHY IN ANIMAL SURGERY

The plethysmograph is useful in a variety of ways in the field of experimental surgery,
Most of the information we can furnish at this time is second hand,

A good method for monitoring the pulse on dogs uses a mercury strain gage wrapped
just above the paw. The gage is an open type (not a digital gage) about 2.5 to 3 inches
long. It is made of ,015 x . 045 tubing. The ends of the encircling gage are clamped
together with a Mueller clip or some type of surgical clip. There must be tension on
the gage. Wires to the gage are taped to the dogs leg to prevent pulling on the gage.
The impedance method, using needle electrodes, can also be used but apparently there
is a difficulty in gettin g the same pulse amplitude and shape if the needles are inad-
vertently pulled out and have to be re-inserted.

You can insert a needle into each thigh of an animal, using the impedance method, and
get a pretty good size and fairly stable pulse waveform. The change is caused by pul-
satile flow in the thighs to the bifurcation of the abdominal aorta. The amount of res-
piratory interference you get depends on the size of the animal, how you tie down the
electrodes and wires, and the time constant you use, A catis a fairly difficult animal
to monitor because it is more troublesome to get the wires and electrodes secured to the
leg, especially if it is covered with a lot of hair, You can make a good recording of res-
piration just by using poor electrode tie-down techniques.and the way you drape the wires,
The smaller the animal, the more respiration artifact you'll encounter., The shorter
time constants minimize respiratory interference, If there is a slow speed on the re-
cording device used, it is possible to obtain nice composite waveforms of pulse and res-
piration from which you can determine rate. An example is shown on the following
page. Respiration influence is stronger on the forelegs and around the chest,

External carotid pulsations can be recorded from the scalp of animals and humans with
the impedance method and surface or needle electrodes. Common carotid pulsations

can be obtained by the impedance method on the neck but not too easily. A sirain gage
wrapped around the neck or part way around will sense pulsations, Internal carotid
pulsations are of considerable interest but experimentation done to date has not been

too productive. All has been done on humans, There are two ways of doing this that

are legitimate and another method highly advertised but of questionable validity. One

is the insertion of needle electrodes at two places distal to the branching of the carotids.,
Enough clinical work has not been done with this method to prove its practical value,
Another is sensing of the pulsations of the ophthalmic artery by the movement of the
eyes in their sockets., The problem in unanesthetized humans is eyelid twitter which
interferes. With anesthetized humans or animals the technique may be successful,

The questionable method we are mentioning but not promoting is the use of large elec-
trodes on the scalp and at the base of the skull. Experimentation done at the U, of Minn.
several years ago showed that pulsations in brain blood volume did not penetrate the
cranium of a dog. While it is true that pulsations of the scalp are easily detected and that
with occlusion of the common carotid or the bifurcation they are diminished, it is highly
questionable that the placement of electrodes anyplace on the scalp will detect anything
except blood flow from the external carotid.

Blood pressure measurements may be made on dogs, cats and even rats with proper pro-
cedures and cuffs. On dogs, needle electrodes are inserted about 3 inches apart along
the length of the tail. Systolic pressure measurements are relatively easy to make on
anesthetized animals. On rats, vasoconstriction may be a problem at times so the rats
should be kept warm. Whether or not this is a problem in dogs too we do not know. It
has not been encountered. It is possible a strain gage around the tail would work as a
sensing device, and perhaps a better one., An open type gage should be wrapped around
the tail, perhaps two or three times.

On internal organs there are two good methods., One is to use fish hooks for electrodes
and the impedance method. Be sure there is no lacquer on the hooks so they will make
good contact. Fish hooks stay in place well, You can solder small, limp wire to them
and run the wire several feet without loss of signal. You cannot do this sort of thing
with the low-resistance mercury strain gages. If you use needle electrodes near some-




Plethysmography in Animal Surgery--2

thing that is physically moving with the pulse there is always the possibility that what
is recorded is change in contact resistance caused by movement of the electrode as
well as conductivity changes caused by blood volume change.

Changes in circumference can be recorded quantitatively or qualitatively by use of our
smaller sizes of mercury gage sutured to the heart or around an artery or organ. The
material size .012 x .025 is a good compromise between reliability and elasticity. The
size .006.x 015 is far more compliant but the failure rate is higher because of the fra-
gility of the gage. Also there has been a problem in obtaining tubing of this size without
holes in the walls. If you want to use material of this size it is best that you write us, -

describing your-application. ‘

Respiration is easily monitored plethysmographically. If you're interested only in the
rate, any of our plethysmographs used on the long time constant for larger animals will
be satisfactory. If you want to show changes in tidal volume irrespective of rate then a
D.C. (direct coupled) recording system is required. At present (Jan. 66) the Model 270
is the only plethysmograph we make that is direct coupled. All others are A,C. coupled.
What this means is that your stylus will return to the center whether blood volume does
or not. In other words, an A.C. coupled device, such as an electrocardiograph, is made
for recording pulsatile changes of a relatively rapid nature. It is possible in some in-
stances that the D.C., input on an electrocardiograph will have adequate sensitivity to re-
cord respiration. This would be of most interest to those of you with rack-mounted re-
cording equipment with a variety of preamplifiers and multiple paper speeds. A D.C,
input on an EKG preamp or electrocardiograph is usually 50 mv/cm rather than the 1
mv/cm at the patient cable input. If respiration recording is attempted, use the mer-
cury gage over the abdomen or any part of the trunk that moves reliably and visibly

with respiration. A gage need not encircle the trunk. On humans, the impedance method

works best a few inches below the arm pits.

Examples of animal recordings:

In the graph to the left, a mercury strain gage of .015 x . 040 material was wrapped
twice around the tail of a white rat. The rat was restrained in a wire cage just large
enough to admit him. The tail was outside the cage. The rat was not anesthetized or
~sedated. A recording such as this cannot be made unless the rat is perfectly still. It

is necessary to wait until he is still before running the paper drive. It may be necessary
to warm him to release vasomotor tone. In this case it was not. You will have to ex-

periment with gage tension,

In the recording to the right, our gage of .005 x .015 material was sutured to the sclera
of a rabbit. Eye muscles were cut so that only pulsations of the globe would be recorded
and there would be a minimum of twitter. A local anesthetic was used. Lids were not

touching the gage or wires to it, Changing the fluid pressure within the eye by means of
a syringe changed the size of the pulses. Pulse and respiration rate can be easily meas-

ured on both graphs below.
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THE IMPEDANCE PLETHYSMOGRAPH /
4/63

How to say ii:

Many people have trouble pronouncing impedance plethysmograph. They put the accent
in the wrong place on impedance and they leave out the "th" sound in plethysmograph,

substituting a "t'" sound. Here are some phonetic aids.

v 7

im=-pe-dance pl‘é»-th“iz-m"c'i—graph
What it isnfi:

The name impedance plethysmograph which we apply to our instruments is not at all
accurate but it is commonly accepted and understood. A plethysmograph should mea-
sure true volume in volume units. None of our plethysmographs do this. Also a
plethysmograph should record. All our instruments are really accessories to recorders
the user already has. And finally, when our instrurments are used as directed, they are
not graphing impedance for you at all. The graph is of conductance, the reciprocal of
impedance. If we had you use them to record impedance variations, the pulse would
look upside down to you and this would be confusing. This frank admission of deceit

is for semanticists who sometimes take delight in pointing out how incorrectly we de-
scribe our instrument. They invariably pounce on the word plethysmograph and none
yet has brought up the point that we are graphing conductance and not impedance.

How it works:

Most people we sell plethysmographs to just want to know which knobs to turn and where
to hook if on the patlient to get what they're after. This is probably the best approach
for most people because in most cases there is really little to be gained by understand-
ing the details of operation. A good set of operating rules will give you more results

in less time than the finest explanation of principles that could be written.

We can't give a good set of rules lo the doctor in research, the student and others with
interests in very specialized applications. A little explanation for them may be in order.
In the following paragraphs we assume you've heard of Ohm's law and are familiar with
the terms voltage, current and resistance. The concept of impedance is a bit involved
and is really nol pertinent here. If you subsiifuie the word resistance for impedance,
your comprehension will be faster and in this case nolt appreciably inaccurate.

To start with, we will say lhal our impedance plethysmographs are used to measure
extremely small changes in electrical resistance. Nole the word change s, not

steady values. These small resistance changes are caused by changes in the blood
volume of a tissue segment. Blood is a fairly good conducting fluid compared to other
body tissue. The blood is the only variable for the Ltype of resistance measurement
we're rmaking when technique is proper. Galvanic changes, the electrocardiogram,
muscle action potentials, etc. are not recorded because of the nature of the circuit used.

Resistance changes in tissue segments caused by blood volume change vary {rom a

few teriths of an ohrn at most to a few thousandths of an ohm in vasoconstriction, disease,
or in areas supplied by very small vessels. i is nol practical to make such measure-
ments with an ohmmeter or any other direct current measuring system. Measurements
of tissue resistance are made with alternating current. Our plethysmographs use an

a.c. current of approximately 30 kilocycles. We do not use a conventional Wheatstone
Bridge circuif ir. any of our present instruments. Essenlially, what we do is send a

30 kc. current through the lissue segment being studied and measure the a.c. vollage
which appears across that tissue segment. When the current to the tissue is supplied

by a high resistance source, the voltage across the lissue is proportional to the electrical

resistance of the tissue and the electrode junctions. This is explained further on the

following page.






o NAAAAA 5,
Electxoée junction
resistance
30 Kc. = —> C) issue segment
* Generator (V) Tissue Output v resistar%ce
) Segment Voltage
. Electrode junction res,
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In Fig, 1, if R is large compared with the resistance of the pulsating tissue segment,
then the output voltage will vary directly with the resistance of the tissue segment.

This relationship is very linear only if R is quite large so that the current in the loop

is determined by R. As an example, consider R to be 10,000 ohms and the tissue
resistance to be 100 ohms. If the tissue resistance changes by 10% to 110 ohms, the ,
total resistance change of the entire loop is only 10 parts in 10,100 which is quite small
and of no consequence. Since the actual resistance change of a pulsation is on the order
of .1 ohm in many cases, the pulsatile change in resistance will not cause current in the
loop to change with the pulse even though R is much lower, 1,000 ohms for example.

In our plethysmographs to date, we use a capacitor with a reactance of about 1,000

ohms for R. (reactance is 1,000 ohms at 30 ke, ) Using a reactance instead of a re=
sistance gives the same effect but does not consume power which must be furnished

by the generator (transistor oscillator) and ultimately the batteries. Our plethysmo-=-
graphs which display only pulsatile phenomena then can be relied upon to give a vol=
tage output which is linearly related to the resistance change brought about by blood
volume changes during the cardiac cycle. When gross changes of resistance in the
tissue segment are to be recorded, a plethysmograph with a direct coupled output is
used, such as our Model 270, Wide variations in impedance then may not be dis-

played linearly and the linearity of the total system should be checked by substituting
known values of resistance for the tissue segment and plotting resistance versus out-
put voltage. If the output voltage of the Model 270 does not change more than half a ‘
volt from zero center it can be assumed the recording will be quite linear. This covers
about 99% of the applications for this instrument. In venous occlusion work the output
change is so small the instrument can be considered quite linear. The relationship
between blood volume change and resistance of the tissue segment is quite another thing
and independent of the electrical function of the plethysmograph.

Figure 1 is over=~simplified for explanation purposes. The voltage across the tissue
segment is amplified and rectified and then condenser coupled to the output in pulse~
type plethysmographs (models 3-H, 3-H-MSG, 202 and A,C., Output of 270). In ad-
dition it is not possible to measure the voltage across the tissue segment alone when
only two electrodes are used. The electrical contact to the tissue is imperfect and the
resistance of the two electrode junctions must be included (Fig. 2.) Any movement of
the electrodes will vary the electrode junction resistance and this is recorded along
with variations in the tissue resistance. Junction resistance changes from movement
are often much larger than tissue changes and completely obliterate the desired pul=
sations. Therefore electrode junction resistances must be kept constant, When you
consider that a resistance change of ,05 ohm in 150 ohms causes a deflection of two
centimeters (2 mv,) on an electrocardiograph you can understand why an extremely
small resistance change is enough to spoil a recording. With good techniques you can
record pulsations of arterial segments only a few millimeters long. The impedance
method is the most sensitive and versatile method of detecting pulsations due to blood
volume change., For this reason it is especially useful in place of a stethoscope to
make systolic pressure determinations in surgery. Any of our impedance plethysmo:=.
graphs can be used for this purpose with surface or needle electrodes, In surgery,
needle electrodes into the muscle surrounding the artery work best, The black wire
or common electrode should be connected closest to the body trunk to minimize dis=
turbance from the surgeon's contact with the patient, Tissue segment resistance
changes with respiration in small animals and on the forearm of humans. Using a
shorter time constant will discriminate against volume changes due to respiration

but there will be some sacrifice in the fidelity of the pulse volume waveform,




Types of electrodes: (a) Needles

Ordinary hypodermic needles make quite good contact with tissue, The more surface
area in contact with the tissue the better, It is not necessary to insert the needles into
the artery, but they must be inserted into the tissue along the length of the artery. Just
under the skin is usually satisfactory, but the closer you can get to the artery the more
- detail you will have in the waveform. The inertia-free nature of the impedance plethys~
mogram makes. it very valuable for studies of pulse-propagation time and other time~-
related events. When the needles are mserted at the right place, you will note that the
pulse has a very rap1d upstroke and that there is a sharp change between the run=-off
portion of the, prevmus wave and the arrival of the leading edge of the following pulse,
Wherever there is a narrowing of the vessel, as in arterial obstructive disease, the
change will not be so pronounced. In severe disease it may be quite smooth. A short
time constant is usually used for this type work because it stabilizes the base line and
sharp changes in the waveform contour are not appreciably attenuated.

One disadvantage of needle electrodes is that they tend to fall out. you can use a very
small Mueller clip on your lead wire to make contact with the needle fitting, Then tape
the fitting and the wire down to the patient. If someone rubs against the wire, the needle
contact will be disturbed and distort the recording., Be sure the limb is at heart level
or slightly elevated. Sharp changes in volume used in timing studies are better seen
with the limb slightly elevated., When the limb is in a dependent position venous pooling
apparently occurs and wave contour is seriously altered.

Needle electrodes are useful in making systolic pressure measurements on the tail of
a dog or cat. A premature size blood pressure cuff is placed proximal to the needle
electrodes which are inserted along the length of the tail., When you can record a
reasonable size pulse, inflate the cuff rapidly to a pressure beyond that where systolic
pressure should be . Then deflate the cuff slowly until the pulse is just visible on the
recording, Cuff pressure then is approximately equal to arterial pressure in the tail.
We say approximately because it is hard to prove that the pressure in the tail is actually
as measured. Nevertheless, values are reasonable and repeatable. The shortcoming
is in the cuff method, not in the plethysmograph. Anatomical hiding of the artery is a
disadvantage when you try to use the animal's leg for a measurement. This method
does not work on a rat. It does work on the arm of a monkey. It is assumed here that
the animal is anesthetlzed

If you are monitoring an anesthetized animal with needle electrodes and observing the
amplitude of the recorded pulsation, be especially careful that the electrodes are well
anchored. If the needle falls out and you immediately replace it, you may not get the
same amplitude or contour on your recording. A mercury gage wrapped around the leg
gives better reproducibility.

It is not necessary to use a short segment of artery for impedance plethysmography.
You can insert needles into the thighs of a dog~~one in each~~ and get a very large

and perhaps more stable waveform., The current path is then through the iliacs to the
bifurcation of the abdominal aorta. Needles can be placed almost anywhere and you will
get some kind of waveform., Knowing what you have can be a problem though. If you
can record the ECG simultaneously you will be able to better correlate the plethysmop.
gram with the cardiac cycle. Occasionally with needle electrodes you will record a
mirror image of the pulse., We do not know what causes this, All you can do is inseri
the needles someplace else,

In the liver, kidney, etc. fish hooks can be used in place of needles if they are well

cleaned so they are free of lacquer or varnish., Their big advantage is that they stay
in place better and don't require spec1a1 anchoring provided you use quite limp wire
to make contact with them.

























































































































