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The measurement of blood pressure is of prime importance
to becth the medical practitioner and researcher. The de=
termination of blood pressure durihg periods of dynamic
physiological testing 1s of chief concern in the study of
circulatory and respiratory functions. The auscultatory
method, the present clinically accepted method (15), is
suitable for obtaining measurements while the patient is not
moving., Movement of the arm prohibits the satisfactory use
of the auscultatory method due to movement artifacts. It is
desirable to obtain measnrements of bloocd pressure during
treadmill exercise tests performed as a part of circulatory
research; but these measurements are not feasible using the
auscultatory method. The purpose of this thesis is to ine
vestigate electronic methods of measuring blood pressure,
suitable for use under dynamic test conditions such as a
treadmill exercise test.

The historical and theoretical hemodynamics of the blood
system were discussed previously (10). Specifications for
electronically measuring blood pressure will be presented.

An instrument designed to determine the blood pressure of a
subject during treadmill exercise; using an extra-arterial
measurément technique, has been constructed. This device will
be considered in terms of three major sub=-systems; the pulse

sensor units, the electronic decoding and control circuits,
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The electronic decoding and control circuits dete:mine
the occurrence of pressures corresponding to both systolic
and diastolic pressure. The pneumatic system provides air at
controlled flow rates and pressures to occlude the flow of
blocd in the digital artery. The pulse sensor unit contains
a miniature photoconductive sensor to monitor pulse ampli=-
tudes in the distal finger during a-gradual programmed oC=
clusion by a more centrally located finger cuff. The design
considerations and operation of each assembly will be dis=
cussed, |

An analysis of the operation of this system has‘Peen
performed, Measurements of blood pressures by this.e-
lectronic blood pressure ﬁeasuring instrument have been per=
formed and the results of these measurements will be dis=

cussed,
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A. Specifications for the Automatic
Determination of Blcood Pressure

The methods of obtaining the human blood pressure falil
into two general categories. First, the blood pressure may
be determined directly from the arterial system through
intra-arterial cannulation., This method reguires a minor
surglical procedure and in zeneral 1s not suitable for test
conditions where patient movement is required. Second, the
blood pressure may be obtained by extra-arterial means. The
usual procedure is to vary the pressure in an occliluding cuff
placed around a peripheral artery and to observe the con-
current changes in the pulsatile blood flow.

Several methods of sphygmomenometry have been proposed
(3,10,15,28). The auscultatory method consists of first oc-
cluding the flow of blood to the distal arm by inflating an
arm cuff around the middle upper arm. As the pressure in
the cuff is gradually decreased, a stethoscope is placed over
the brachial artery, proximasi to the radisl-utnar bifurcation.
The Korotkow sounds are observed through the stethoscope.

Four distinct phases of sound are heard as the pressure in
the occlusion cuff lz decrezsed from occclusicn. The
appearance of a clear tapping sound 1s termed phase I; during
phases II and III the sound grovws louder and clearer; in

phase IV the sound suddenty becomes muffled and at the end of
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occurrence of systolic pressure and diastolic pressure is the
start of phase I and the end of phase IV respectively (15).
The selection of the proper arm cuff size is of particular
interest. The original Riva~Rocci arm cuff was 5 cm wide and
produced pressure readings that were about 10 percent higher
than expecteds A cuff of 12 c¢cm in width was introduced,
which is still employed todéys and gives acceptable readings.
In clinical practice a 5 cm cuff is used for small children.

Instead of using a stethoscope to cbserve the Korotkow
sounds,}a sensor may be used to determine the variation in
amplitude of the blood pulse waveform with changes in the oc..
clusion cuff pressure. This pulse amplitude monitoring
method may be used with either a brachial or digital oc-~
clusion cuff (10). The sensor device used to sense the pulse
amplitude variations at a distal location to the ocelusion
cuff may be of several types; a tambour, & pressure bag in
communication with the distal arterial bed, an impedance
plethysmograph, or a combination of a light source and light
sensor (10,11).

The auscultatory method 1ls the commonly accepted method
for clinical blood pressure measurements. Since this method
requires the use of a sound detector to observe the Korotkow
sounds, any spurious sound will distort or obscure the de=

termination of the proper Korotkow phase, Spurious sounds
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Ths effects éf mascle movement have generally prchibited
the determination of blood pressure by the auscultatory
method under dynamic test conditicnse Figure 1 is a curve
showing the effect of treadmill exercise on systolic and
diastolic pressures. For the first 2.5 seconds the subject
is standing at rest. During this period blood pressure may
be determined by the auscultatory technique. While the
treadmill is in operation blood pressure information is not
availables For the last 2.5 seconds the subject is permitted
to recover in a standing rest position, again the blood
pressure may be determined. The purpose of the treadmill
exercise test is to evaluate circulatory and respiratory
functions of the human body with controlled work, It will be
seen from Figure 1 that during the period of treadmill work,

irect information on blood pressure is not available,

A conference to consider the possibility of obtaining
blood pressure information during the period of treadmill
operation by electronic methods was held between Dr. Harold
Margulles, M. D., and Dr. John Gustafson, M. D., of the
United Heart Station of the Iowa Methodist Hospital in Des
Moines, Iowa, Dr. Victor We Bolie, Chairman of Biomedieal
Electronics at Iowa State University, and the author.

The following general design specifications for a system
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vere established:
1s The system should reguire a minimum of operating
procedures, preferably operating without continual
adjustment. -
2. The system should provide outputs compatible
wifh recording equipment in use for research
purposes at the United Heart Station.

3. Blood pressure information should be available on

a e¢yclical basis,

%, The system should obtain blecod pressure measurew

ments during the treadmill exercise test.

A review of the pertinent considerations for blood
pressure determination with a sphygmomanometer was conducted
(3,5,10,15,23,29), The results of this review and the
measurement operating requirements observed in Figures 1 and
2 are summarized in Table 1.

A pulse amplitude monitoring technique was adopted as
the primary measuring method. It was decided to investigate
the development of a system utilizing a digital occlusion
cuff, The use of a digital occlusion cuff will permit the
occlusion of arterial flow on a ecyelic basis with a minimum
of discomfiort to the test subject. The choice of a digital
cuff scheme should reduce muscle movement effects resulting

from arm motion while the subject is walking on the
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trendmill .
B The Synthesized Systen

A blocd pressure measuring system satisfying the specié
fications of the previous section was designed., This system
is composed of three major subsystems; the electronic de=
coding and control circuits, the pneumatic system, and the
pulse sensor. Figure 3 is a block diagram of this system,
The pulse sensor determines varilations in the pulse waveform
with variations in the occlusion cuff pressure. The o¢=
clusion cuff is contained as a part of the pulse sensor unit.
The electronic decoding and control circults decode the pulse
amplitude variations obtained from the pulse sensor. The de=
coded pulse amplitude variation activates the pneumatic
system through the control circuits. The pneumatic system
provides air pressure to the occlusion cuff of the pulse
sensor. The pressure of the air suppllied to the occlusion
cuff is varied in a programmed pressure cycle. The operation
of each of the major subsystems will be further discussed in
subsequent chapters.

The instrument has two modes of operation; automatic and
manual, Figure 4 is a representation of the pulse waveform
and occlusion cuff pressure variation for both modes of
operation., The manual mode provides occlusion cuff pressures

similer to the arm cuff pressure variation in the standard
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-~ elusion pressure for the manual mode may be selected. ‘The
rateiaf pressure decay may alsc be varied. The autcmatie
pressure mode provides an occlusion pregsure which increases
at programmed rates thus enabling rapld measurement of the
biood pressure. In the automatic mode the occlusion cycle is
repeated at a preselected interval.

In both modes of operation the pulse waveform is ob=
tained from the pulse sensor. This pulse waveform is.rem
corded on one channel of a four channel Sanborn, "150" series
recorder, and the occlusion pressure waveform 1s recorded onA
a second channel (25), This Sanborn recorder is designed to
accept several plug=in type preamplifiers for each recording
channel., It was declded to utilize this capability and to
build as much of this system as possible in the form of a
plug=in unit. A storage space below the recording section of
the "150%" series cabinet is used to house the subsystems not
contained on the plug-in unit. In addition, a pulse sensor
selector unit is attached to the treadmill hand bar support.
The selection of a plug=in type unit and internal mounting
¥within the recorder cabinet imposed overall space limitations
on the units to be constructed. A plug-in volume of 500
cubic inches and a lower supplementary chassis volume of 1920
cublc inches represented the available useable equipment

space. The decision to 1imit the use of external egquipment
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of suitable mounting area in the immediate proximity of the
treadmill. |

The *150% series recorder utilizes vacuum tube circuitry
in both thé plug=in preamplifier units and the corresponding
installed driver=amplifier unit. The plug-in unit must sup=-
ply the input bilas voltege to the direct coupled driver-
smplifier unit. The driver-amplifier unit is designed to
supply operating voltages to the pluge=in units. Vacuum tube
circuitry utilizing, for the most part, the same tubes used
i1n the %150" series ECG preamplifier was chosen.,

Figure 5 1s a block diagram showing the interconnections
of the major units of the electronic blood pressure measuring
instrument. There are six major units; the pulse sensor
unit, the decoder unit, the control relay uﬁit, the negative
pover supply unit, the programmed pressure valve unit, and
the zir pumpe. )

Figures 6 and 7 show the instrument that has been con-~
structed, The device has been mounted on the equipment rack
shown in these pictures for system test and evaluation
purposes. The control panel of the decoder unit is shown in
the top center of Figure 6. The pulse sensor unlts are shown
atvached to the hand bar in the center of Figure 6. The

pulse sensor connects to the decoder unit through a 15 foot

cable which contains both shielded electrical cables and an
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located on the supplementary chassis rack. This rack is
shown in the lower,portion of Pigures 6 and 7, The inter=
unit connecting cables and hoses are shown in the lower
portion of Figure 7.

Figures 8 and 9 show the blood pressure measuring
instrument installed in the "150“.series recorder at the
United Heart Statione The supplementary chassis assembly and.
the interconnecting air hoses are installed on a semi=perma=
nenf basis. The units may be easily removed from the re=-

corder for maintenance,

The blood pulse waveform is obtained by a photosensitive
detector unit employing transillumination of the arterial bed
of the distal phalange. This detector_is combined with an
occlusion cuff to form the pulse senscr unit. Three pulse
sensor units are available for use with this instrument. The
pulse waveform output of the pulse detector is passed through
a pulse sensor selector switch and the pulse sensor cable, %to
the differential preamplifier of the decoder unit. As seen
in Figure 5, the occlusion cuff pressure wWaveform 1s similar=
ly passed to the pressure transducer circuit of the decoder
unit,

The decoder unit functions both as a pulse waveform dew
coder and a2 gystem control unit. The differential preampli=-

fler unit has outputs to both the decoder circuits and the
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is subsequently recorded along with the occlusion pressure
waveform output of the pressure transducer circuit. The
blood pulse waveform input to the systolic and diastolic de=
coders 1s decoded, and the corresponding output signals are
passed to the control relays. The decoder operating controls
are connected with both the control relays and the power re~
lays. An'autométic'timer circuit is included in the‘zsn;rol
relay unit. This timer circuit perﬁits the automatic oc=~
clusion cycle to be repeated after a preselected period of
unoccluded blood flow.

Three other units arevlocated on the supplementary
chassis. The pump develops air pressure which it supplies to
the programmed pressure valve unit. This valve unit is de;
signed to permit air to be péssed to the occlusion cuff at
pre=set rates and pressures, The programmed valve unit is
activated by the control relay unit. The last unit on the
supplementary chassis is the negative power supply unit.
While positive plate and heater voltages for the decoder
circuits are supplied from the driver=amplifier chassis,
current limitations in the negative power supply of the
- driver=amplifier resulted in sz requirement for a seperate
negative 10C volt power supply. Line power and ©.3 volt AC
control power are also furnished from this negative power

supply unit,
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structed in a manner which will introduce a minimum of new
signal interference to the operation of the 150 series re-=
corder. First, all units except the pump have been enclosed
for electrical shielding purposes. Second, all 60 cycle line.

voltages have been restricted to the supplementary chassis.
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L. Design Considerations

The pulse sensor unit is the trénsducer which converts
the arterial pressure information of the human subject into
an input signal to the decoder unit. Several digital pulse
sensor units were constructed and experimentally evaluated.
Three pulse sensor units employing digital transillumination
are usged as transducers in this blood pressure measuring
instrument. Each pulse sensor unit contains a miniature
photoconductive sensor tb monitor pulse amplitudes in the
distal finger durihg a_programmed occlusion by a more
centrally located finger cuff. The electrical output signal
from the distal pulse pickup serves as an input signal to the
decoder unit as shown in Figure 5. The decoder unit
functions to relate pulse amplitude changes to both the oc=
clusion pressure and the digital blood pressure.

The electronic decoding of the blood pulse utilized in

this instrument is based upon 2 pulse amplitude monitoring
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distally located pulse pickup. It has been shown previously

that the variation in the amplitude of the blood pressure

pulse is related to the variation in the pressure of the oc=
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arterial blood pressure measurement is based upon the cone
sideratior that the application of an external pressure to
the walls of a diétensible vessel will cause the cross
sectional area of the vessel to decrease as the external
pressure is increased above the pressure in the vessel. The
arteries of the body are not entirely plastic as they possess
muscle and elastic tissue which introduces considerable e~
lasticity to the erterial walls, It has been found that the
pressure volume curve of the human aorta approximates a para~
bolic form for;pressures below 170 mm Hg (8,22). The diame-
ter of the aorta remains almost constant for pressures above
170 mm Hg. Therefore, the vessels of'the arterial system apw~
pear to be elastic, with the elasticity decreasing for
pressures above 170 mm Hg. Extra=arterial blood pressure
measurements made external to the body surface must also ac-~
count for the presence of muscle and other tissue between the
skin and the artery. A4n external pressure in excess of the
actual vessel pressure should be reqguired to effect a change
in the diameter of the vessel, The amount of pressure re~
quired in excess of the vessel pressure, will be a function
of the type and physiological condition of the tissue between
the point of pressure application and the vessel walls,

The determination of the distal pulse waveform during

occlusion is of prime importance in correlating the value of
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pressure,
| The distal pulse waveform detected by a pulse sensor

placed on the body surface will differ from the intra-arteri=-
al pulse waveform ln Two maln respects. The pulse amplitude
available to the extra=arterial detector will be greatly at-
tenuated due to the presence of various types of tissues be=
tween the artery and the body surface., The waveform may also
be distorted by movement artifacts, The movement artifacts
arise chiefly from compression of the vascular system as a
result of muscle and tendon movement, and from motion between
the pulse detector and the body surface. The effects of
tissue attenuation may be counteracted by amplification of
the detected pulse slgnal, However, if the pulse detector is
to transduce the pulse waveform during exercise the movement
artifact distortion in the pulse waveform mast be minimized,

Several different devices were evaluated for possible
use as distal pulgse sensors. The pulse detector devices con-
sidered may be classified in two categories: Those dependent
upon finger volume changes only, and those dependent upcn the
intrinsic properties of blood flow in the arterisl systen,
Transducers using s plethysmograph principle such as a fluid
sensor cuff, and transducers using a linear displacement
principle such as a cryétal sensor, will be considered in the

former category. Transducers. employing principles based upon
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volume or the optical density variation with blood flow will
be considered in the latter category. While all transducers
will be affected by vascular volume changes, this effect will
be of secondary consideration in the optical density trans= |
ducers, As a preliminary design, a pulse sensor composed of
a pressure transducer in communication with a water filled
rubber cuff was constructed and evaluated. This pulse de=
tector was combined with a centrally located occlusion cuff
to form a torroidal like structure three inches long with a
0.75 inch center opening. The finger of a subject was

placed in the center aperture and pressure was gradually ap=
plied to the proximal occlusion cuff when a blood pressure
measurement was desired. A pulse waveform was obtained from
the transducer output and subsequently recorded. This device
functioned satisfactorily while the subject was restrained
from moving the hand or finger during occlusion, otherwise
the pulse waveform was severely distorted by movement arti=
fact. Investigation revealed that the primary cause of the

movement artifact was motion of the finger with

respect to

¥

the fixed pickup housing. A contributing factor to the
movement artifact was the low signal to noise ratio. The
pulse signal output was approximately 5 mv and the movement
artifact was characteristically random with an output ampli=

tude in excess of 100 mv.
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eliminate the movement artifact produced by motion between
the skin and the sensor. A sensor employimg 2 barium titan~
ite crystal was constructed. This transducer was designed to
slip over the end of the finger and was spring loaded to hold
the crystal against the middle phalange and the digital
artery. Pulsations of the arterial wall were transferred to
a pressure bar mounted along a diagonal of one face of the
square crystal wafer. The crystal wafer was supported by two
hard rubber posts mounted on the corners of the diagonalj
opposite to the pressure bar. Thus, motion on the pressure
bar was transduced to an electrical output signal by the
flexure of the crystal. Movement artifact was also present
in the output of this device, However, the ratio of the
artifact signal to the pulse signal was reduced by a factor
of ten. An analysis of this device revealed that a consider-
able reduction in the effect of the skin=sensor artifact
would result if the mass of the pulse detector was made
smaller and the detector attached to the skin surface.

A capacitive transducer having a2 small mass and eapable
of being attached to the finger with adhesive was then con=
structed. Variations in the spacing between the capacitor
plates and in the dielectric constant of the medium sepaw-
rating the plates effected a change in the capacitance of

thls transducer. The constructed capaclitive transducer uti-
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sheet imbedded in a covering of approximately 0,002 inch
latex rubber and connected to a length of low loss coaxial
cable. Coaxial cable with a characteristic impedance of 50
ochms and an electrical length of 1/8 of a wavelength was
used. This line length was selected to produce an impedance
reflected at the input to the transducer, which would vary
clbse to a short circuilt value. The transducer was excited
by a 100 megacycle signal source. The magnitude and phase of
the impedance change resulting as the transducer was attached
to the middle phalanx over the digital artery was investi-
gated. The results of this experimental evaluation indicated
that the application of this transducer as a digital pulse
sensor would require considerable effort to reduce the trans-
ducer motion artifacts., The capacitance of the transducer
was only Z%“‘f at 100 megacycle cycles when placed on the
finger. Body motion in the proximity of the transducer
created changes in excess of 10 percent of the resting value.
Development of thils type of transducer for application as a
digital pulse sensor was not pursued further.

The application of an electronic impedance plethysmo-
graph,; reported by Nyboer (20), as a pulse pickup was also
considered. This device operates on the principle that blood
flow through the finger produces variations in both the die=

lectric constant and the conductance. These variations may
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and sensing the output potential intermediate to the point of
application. The use of thls system in a pulse sensor unit
would require the develépment of the necessary excitation and
detection circuits. The development of such a pulse sensor
was not pursued, instead primary consideration was given to

the design of a photoelectric pulse sensor.
B. Photoelectric Pulse Sensors

The development of a photoelectric pulse sensor, con=-
taining a photoelectric pulse detector and an ocelusion cuff,
was considered,

The photoelectric detector functions to convert vari-
ations in the transmitted light into corresponding electrical
signals, Human tissue is transparent to radlation of wave
lengths from 6000 to 11000 Angstrom units (9). Kramer et sl.
(13) has conducted studies for the determination of the oxy=
gen saturation of whole blood utilizing the spectral band to
which human tissue 1s transparent. However, the extinction
coefficient of human blood; particularly in the nonhemolyzed

state, is much higher than that of th

®

tissue (13)
Therefore, the pulsations of blood through the illuminated
buman tissue will result in variations in the amount of light
transmitted through the tissue. Vasomotor activity within

the human tissue will also affect the quantity of transmitted
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Photoelectric methods have been used previously in the
studies of peripheral ecirculation. Hertzman (11) applied
this technique to the study of tﬁe blocd volume pulse and the
blood volume in the fingers. Millikan (17) used a similar
principle in the measurement of blood oxygen in the ear.

The pulse detector may utilize either transillumination
or parallel-illumination of the tissue volume., Transillumi-
nation, or 1llumination from one side of & body surface to
the opposite side such as across a finger or through the ear
lobe, is applicable to the study of the circulation in pe=
ripheral systems. Parallel=i1llumination utilizing a light
transmission path'parallel to the body surface can be em-
ployed in circulatory studies over the entire'body surface,

- Weinman and Manoach (27) describe the use of a photoelectric
assembly employling a parallel=illumination techni@ue in the
study of peripheral circulation.

Several photoelectric schemes, employing both types of
illumination were experimentally evaluated in this study.
Incandescent lamps were utilized as light sources. The e~
mission spectrum of the tungsten filament lamp covers the
spectral transmission region of human tissue (21), Both
photodiodes and photoconductive cells were evaluated as
photodetectors.

Type 1N77B photodiodes were combined with type T=1 1/2
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tectors employed both transillumination and parallel-illumi=
nation principles. The impedance of the photodlodes, 2
function of the light intensity directed on the photodiode,
was approximately 100 kilohms at the maximum useable light
intensity for digital light transmission. The maximam uses=
 ble light intensity was determined by the intolerance of the
subject to the local heatlng produced by the lamp. The 1N77B
photodiode has an active light surface in the shape of a
square with a side length of approximately 0,05 inches, The
impinging light is directed to the photodiode element through
a lens moupted on the end of the one inch long by 0.1 inch
diameter glass envelope. The maximum sensitivity of this
type pulse detector occurred when the lens of the photodiode
was directed towards the light source. The overall size of
the pulse detector assembly was approximately 2.5 x 0.5 x
0.75 inches for the transillumination device and 1.2 x 0.8 x
0.8 for the parallel~illumination device, Attempts to remove
the photodiodes from the glass envelopes were unsuccessful.
In addition to exhibiting a high impedance, these pulse de=
tectors were subject to serious movement artifact effects.
The movement artifacts were largely due to displacements bes
tween the skin surface and the detector hoﬁsingg

The investigations of the photodiode type pulse detector

revealed three considerations to be used in the design of a
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both high sensitivity and low inherent impedance for low
levels of impingent light intensity is required. Secondly, a‘
light source configuration which will produce sufficient il-
lumination withoutAintroducing intolerable heating effects of
the surrounding tissue‘is requireds Third, in order to re-
duce the motion artifact, the pulse detector assembly must be
constructed in & configuration that will reduce the effective
motion between the body surface and the photoelectric trans-
ducer, Ideally, the only variable in the light path should
be the_variation in the transmitted light resulting from
blood flow in the vascular volume. The pulse detector as=
sembly must function to reduce or eliminate variations in the
transmitted light resulting both from tissue volume changes
due to muscle movements and from displacements between the
illuminated tissue volume and fhe detector due to inertial
effects. |

A review of several commercially available photoelectric
devices and incandescent lamp units was conducted. A Clairex

(7) photoconductive cell, CLSC4SL. was selected for use as a

(R

pulse detector. The photosensitive element of this cell is
cadmium selenide which has a peak spectral response at 69QO
angstrom units. The cell is contained in a glass housing
which is 0026O‘inches in diameter and one inch long. The

cell itself is of cylindrical shape, O.14 inches in diameter
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envelope and placed in a plexiglas housing. The housing is
only O.40 x 0.80 x 0.12 inches. The plexiglas unit was
painted black except for a lens area directly over the photo=-
conductive cell.

The T-1 1/2 lamps used with the photodiodes were re-~
placed by a subminiature lamp purchased from the Chicago
Miniature Lamp Company {(6). The lamp, a type CNB8=666, has a
five volt filament and is only 0.19 inches long and 0.10
inches in diameter.

The subminiature lamp and plexiglas mounted photo=
conductive cell were combined to form a pulse detector unit,
The photoconductive cell and lamp were arranged in the pulse
detector to utilize transillumination instead of parallel-il=~
lumination. Experimental comparison between the movement
artifact resulting from each type of illumination demon-
strated the transiliumination technique to be superior for
reduction of movement artifact. The pulse detector éonfigu-

ration shown in Figure 10 is the result of numerous experi=-

x1oth

[le}
[r=d

mental design evaluations. The use of a2 rubberized

ot
(]

base for the pulse sensor unit permits the detector COn~
form to the body surface. The four wire shielded cable con=
nects the lamp and photoconductive cell to the pulse sensor
selector switch. This cable was shielded to reduce power

line interference on the transducer output signal. The cable
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rutberized cloth during flection of the finger. The opaque
rubber covér has two functions. First the cover serves ©oO
reduce the effects of background light. The CL504SL photo-
conductive cell possesses the requirements of high sensi-
tivity and low inherent impedance; however, the sensitivity
is such that considerable 60 cycle interference was intro=
duced into the transducer output by the background artificial
lighting. Alsﬁ, movement artifact was introduced by the
variation in background light intensity resulting from body
motion. The dark rubber cover reduces these effects, The
second function of the rubber cover is to serve as a clamping
device to reduce the artifacts caused by changes in the
volume of illuminated tissue and changes in the contact be=
tween the body surface and the detector. The rubber cover
compresses the distal portion of the detector; however, the
compression-is not sufficient to occlude surface arterial
blood flow. The rubberized cloth strip is rough textured
around the lamp and photoconductor. The texturizing and com=
pressioh of the strip serve to reduce movement between the
detector and the body surface. The small mass of both the
lamp and photoconductor, and the large ratio of contact
surface area to the depth of the cell housing function to ef=-
fectively reduce the inertial effects of this pulse detector,

The subminiature lamp and photoconductive cell were come
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Figure 12, This unit is constructed of 0,004 inch thick
sheet brass shaped to fit the distal phalanx in a manner
similar to the pulse detector shown in Figure 10, The proxzi-
mal end of thls transducer is compressed by two springs which
are mounted on the side of the unit. The compression springs
function in a manner similar’to the opaque rubber cover of
the pulse detector of Figure 10. The same type of lamp,
photoconductive cell and plexiglas housing as used in the
variable pulse detector was utilized. The pulse detector
shown in Figure 12 is utilized iz ﬁhe cylindrical pulse
sensor unit.

Satisfactory pulse waveforms have been obtained with
both pulse detector configurations. The pulse detector ex=
hibits an ocutput impedance of approximately five kilohms when
placed on the finger of a caucasian subject with a light in-
tensity corresponding to a lamp excitation of two volts DC.
Blood pulse waveforms with amplitudes of approximately 30 mv
and lS'mv vere obtained from the pulse detectors of Figure 10
and Figure 12 respectively with a two volt lamp excitation.
The higher output signal level of the variable pulse detector
appears to be a result of the smoother contact between the
flexible cloth and the body surface of this unit in com-
parison to the brass sheet holder of the detector of Figure

12. Both detector configurations are essentially free of
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will be produced with sharp, violent motion of the finger.
This artiféct apparently is introduced by changes in the
vascular blood volume of the distal finger introduced by the
additionat blood flow resulting from the centrifugal force
acting on the peripheral blood mass. The vascular volume
will be varied with vasomotor activity and venous occlusion
due to muscle movement, thereby introducing wvariations in the
optical density of the finger,

Three pulse sensor units were designed. One variable
and two flxed type pulse sensor units are provided with the
blood pressure measuring instrument. The variable pulse
sensor is shown in Figure 11 and is designed to facilitate
the investigation of the effects of the location and size of
the occlusion cuff in the measurement of digital blood
pressure, The ability to vary the location and size of the
occlusion cuff used with this pulse sensor is the reason for
denoting this unit as the variable pulse sensor. The pulse
detector design used in the variable pulse sensor has been
combined with a fixzed ocelusion cuff to form oﬁe of the fixed
pulse sensors. The other fixed pulse sensor utilizes the
pulse detector shown in Figure 12. A pulse sensor selector
switch has been provided to connect the desired pulse dew
tector to the decoder circuilts and to connect the occlusion

cuff to the pneumatic system.



o~ =

¥4

m - . - B . e e N
The mnilea e W MW S A AR B W A WA VWAL WAL QALY

R T e T 2L ———

finger of a normal hand. A maximum finger diameter of 1.2
inches was used in the design of the finger aperiture of the
_fixed occlusicn cuff units. The pulse sensor selector
switch is located for use with cuffs applied primarily to the
left hand. The use of the left hand will permit the aus-
cultetory measurement of blood pressure on the right arm
without interference to the electronic blood pressure
measurement using the pulse amplitude monitoring technique.
The measurements of blood pressure as reflected in Figure 1
were taken using the auscultatory method on the right arm as
a standard method. The only requirement in the application
of the variable pulse sensor to the finger of a test subject
is that the detector unit be slipped over the distal phalanx
with the lead wires placed along the dorsal side of the
finger and hand. An occlusion cuff, selected from the cuffs
shown 1n Figure 13, sheuid be placed on the finger with the
air hose on the dorsal side and directed centrally. The
choice of finger occlusion location and cuff width should be
made by the investigator. The digltal occlusion cuffs shown
in Figure 13 are color coded to identify the cuff width.
Table 2 lists the color code and cuff width corresponding to
the cuff order shown in Figure 13. The occlusion cuff should
be wrapped around the finger and secured by the Velero (1)

fastener. This arrangement enables the cuffs to be easily
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AThe variable pulse sensor is connected toc the subject
switch input‘cifcuit by & nine pin subminiature connector and
a luer type hose connector. The variable pulse senscr may bde
used away from the treadmill sxercise bar by connecting
suiltable extension cable and air hose between the pulse
sensor selector switch and the pulse sensor. The shielded
cable to the pulse sensor should be attached against the
subject with adhesive plaster in ordeyr to obtain an electrical
ground for the pulse detector. The treadmill hand bar |
functions to provide aﬁ electrical ground termlinal during
normal treadmill operation.

Figure 1M is a cross section drawing of one of the fixed
pulse sensor units., In this unit, a fixed occlusion cuff has
been combined with a pulse detector identical to the unit
used in the variable pulse sensor. The occlusion cuff, A,
has a deflated width of two inches énd is attached to a brass
pressure ring, B. The pressure ring functions to restrain

cutward inflation of the continuous occlusion cuff A, Both

the front retainer ring., C. and the rear retainer ring, D,
are fabricated of rubberized nylon. The retaineyr rings serve

to contain the cutward distension of the occlusion bag. The
occlusion bag is connected to the air connector of the pulse
sensor selector unit by the 0,125 inch outside diemeter air
hosey, E. Both the top and bottom strips of the rubberized



AT adla AL Rl . o M - -~ -
v

o - . PR W
e AT T " WaAW A NI W WAL WA & o

Ty @it GULALLCU WU Lo
rubber aperture ring, G The subject normelly will insert a
finger through the aperture ring, G, and along the pulse de=
tector strips F until the finger reaches the blind end of the
pulse detector, He The air hose E, and the pulse detector
shielded cable I, should be located on the dorsal surface of
the finger and the hand, The lamp J is positioned over the
cuticle and the photoconductive cell K is located below the
distal arterial arch. The pulse detector will be compressed
against the finger by the rubber ring L. The outer covering
M, serves to support the cuff and detector unit., This
covering also functions as a light shield against undesirable
background illumination. Figure 15 shows the portable fixede
cuff pulse sensor applied to the index finger. The pulse
sensor selector switch is shown in the lower right of Figure
15, The cylindrical fixed pulse sensor was removed from the
pulse sensor switch bracket in this figure,

The second type of fixzed pulse sensor unit is shown in
Figure 16, The index finger of the subject has been inserted
into the sensor aperture., The air hose and electrical cable
connecting this pulse sensor to the pulse sensor switch unit
are shown in the lower right of Figure 1l6. An occlusion cuff
i1s contained in this unit along with a device to properly po=
sition the pulse detector, Figure 17 is a drawing of the

pulse sensor showing the relative location of the occlusion
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composed of two latex prophylactics, A and B in Figure 17.
These prophylactics are extremely thin and form tc the
contour of the finger inserted in the 1.2 inch sensor open=-
ing, Co The rubber ring D functions to contain the occlusion
cuff as the pressure is increased. Ring D is sealed against
the finger by the'occlusion cuff. As the finger advances in
the sensor opening, the palmar side of the distal portion
rides along the 0.5 inch rubberized eloth, strip E. Cne end
of this strip is fixed to the retainer ring F and the other
end is spring loaded to insure the return of the strip to the
proper position as the finger is removed., The dorsal portion
of the finger is forced against the guide G by the spring
loaded finger ramp H. This ramp rotates about a hinge con=
nected to the retainer ring Fo The retainer ring F is con=
nected to the automatic positioner housing J by the guide G,
The occlusion cuff is restrained from motlion towards the
distal portion of the finger by the rubber retainer ring K.
This retainer ring, X, is located between prophylactics A and

nf
A

B. Prophylactic A functions to retain the proper positio

(1]

ring X as the finger &dvances‘towards the detector L, Th
distal portion of the finger enters the detector through the
opening M., This detector is spring loaded by the spring N
and is held in position by a Velcro (1) fastener at 0 and s
plunger P, The finger is advanced with the detector against
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fastener at 0 and with the proper interval of advancement

-+

he spring loaded plunger P is removed from the detectors

[

The detector is then properly positioned on the finger with
the photoconductive cell on the palmar distal surface and
lamp on the dorsal distal surface. Connections to the de=-
tector are made through four lead wires made of number 38 en=
amelled copper wire'wound into springs of 0.8 inch outside
- diameter, |
During operation, the hand is placed on the treadmill
hand bar with one finger extended. The pulse sensor is ad=
vanced on the finger by turning the knob located on the reér
of the pulse sensor holder; The turning of the knob, rotates
a threaded drive which moves the pulse sensor unite The re=~
lease of plunger P, which indicates the proper application of
the pulse detector, 1s chown by the lighting of a position
lamp loeated adjacenf‘tb the pulse sensor selector switch.
When the pulse sensor selector switch is rotated to the fixed
pulse sensor position the operation of the position lamp is
transferred to a leaf switch econtact leocated in the positicn-
er housging J. This switeh 1s constructed to complete the
lamp c¢ircuit only when the finger is extended. The subject
may be directed to keep the lamp illuminated, thereby re=
quiring him to keep his finger straight and relatively ime

mobileo, This procedure greatly reduces the effects of sharp,
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output. However, the pulse sensor will function with non=
viclent motion even though the position lamp feature is not
used. Once the pulse cutput 1s connected through the pulse
sensor selector switch to the decoder unit, the occlusion
cuff is ready for the application of pressure. The container
Q is constructed of plexiglas and functions as a pressure
capsule for the occluding cuffs A and B. Container @ en=
closes the automatlic position housing. The sensor input and
output wires are removed from the unit by ruﬁning them be~
tween prophylactics A and Be The wires are then passed
around the top of the retainer ring F adjacent to guilde bars
G and along the outside of the container Q where they are
connected to a pulse sensor input cable which enters the rear
of the pulse sensor outer housing R. Alr pressure enters in
the rear of the housing R and 1s passed through a tube in the
rear of the pressure container Q to the inside of the con-
tainer Q.

The pulse seﬁsor is shown in Figure 18 with the center
section of the outer cover removed. The outer cover is com-
pcsed of three Qértse The pressure container held against
the sensor opening ring by retaining bolts mounted on the
rear plate and shown in Figure 18, The pressure container
may be seen inside the end plate supports of the outer con-

talner, Removal of the pressure container reveals the oc=
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seen in Figure 19. The pulse detector cable 1s shown ex-
tending along the occlusion cuff., The detail in the auto-
matlc positioner may be ohserved in Figure 20.

The three pulse sensor units were designed and con-
structed to minimize the movement artifacts introduced by
body motion. ZEach of the pulse sensor units will transduce
the distal blood pulse amplitude variation with changes in
the pressure of the occlusion cuff during periods of
treadmill exercise. However, distal pulse amplitude vari=-
atibné, will also result from changes in the vasomotor ac-
tivity of the peripheral circulation. The acral circulation,
particularly in the fingers and toes, is subject to extfeme
fluctuations with temperature changes, pain, snd emotions,
according to Mendlowitz (16). The vasomotor activity mey be
stabilized by inhibiting sympathetic nerve discharge to the
hand. The digital circulation should then reflect the non-
neurogenic or intrinsic changes of the entire systemic circu-
lation (16). The inhibition of the sympathetic nervous
system through the use of drugs does not appear feasible
during the treadmill exercise evaluation.

Experimental evaluation of the effects of digital vaso-
motor activity on the amplitude of the pulse sensor output
has shown that a pulse waveform, which is satisfactory for

obtaining pressure measurements, can be obtained after a
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lamp of the detector cuff produces local heating which aids
in the vasodilation of the arterial bed in the dié%al
phalanx. This.vasodilation ig reflected as an increase in
the outbut pulse signal amplitude, The apprenension, to
placing a fihger within the pulse sensor unit, exzperienced by
some subjects appears to be allayed after a few measurement
cycles.e The inflation of the occlusion cuff affects a sen-
sation similar to a mild gripping of the finger. The
tingling sensations which are sometimes experienced with pro=-
longed application of a brachial occlusion cuff are not
present, even for digital occlusion periods in excess of five

minutes.
Ce Pulse Sensor Selector Switch

The pulse sensor units are connected to the decoder unit
through the pulse sensor selector switch. This switch per=
mits the investigator to connect the pulse sensor in use to
the decoder. The switeh unit also serves to terminate the
input to the decoder unit when the pulse sensor is not in
use. IFigure 21 is a schematie dizgram of the pulse sensor
selector switeh showing the comnection to the pulse sensor
units., 4 component 1ist for this circult is presented in
Table 3o This pulse sensor selector switch may be switched

to one of three positions, In the fixed position the cy=
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Lamp voltage is supplied to the pulse detector lamp LPllfrom
the pulse sensor light intensity contrel R,, which is located
on the decoder unit., Voltage 1s applied to the photocon=
ductive cell PC1, through the 15 foot pulse semsor cable from
the load resistors Ry and Ry of the decoder unit, The photo-
conductor is operated with a bias current of approximately
‘3 ma, The output signal from the photoconductive cell is ca~
pacitively coupled to the decoder unit, The fixzed position
of the pulse selector switch activates the pulse detector of
the position circuit which functions to signify that the
finger is extended, The proper application of the pulse de=
tector to the distal phalanx 1s indicated by the position
circuit when the sensor switch S; is in the off position.
When the sensor selector switch is in the off position a one
kilohm resistor is connected in parallel with the photocon=-
ductor output terminals, thus insuring that the removal of
the lamp voltage from the pulse detector unit will not introw
duce interference signal into the decoder unit as a result of
the high dark impedance of the photoconductor,

Both the portable fixed=cuff pulse sensor and the vari-

able pulse senscr units are connected to the pulse sensor
switeh unit by 2 nine pin subminiature connector, This con=-
nector and the luer air connector are shown in Figures 15 and

16, When the pulse sensor selector switch S1 1s placed in
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the decoder unit. The pulse sensor selector switeh also
functions to connect the occclusion cuff of the pulse sensor
selected to the sir hose contained in the pulse sensor input

cable,
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A. Amplifiers and Decoders

The electronlec decoding and control c¢ircuits translate
changes in the blood pulse waveform into control signals to
the pneumatic system. The decoding and control circuits will
be presented in separate sections of this chapter. The de~
coder unit will be discussed firsta' Figure 22 is a block
diagram of the decoder unit, Figures 23 and 2% show the top
and bottom of the decoder unit. The front of the unit is
located in the bottom of Figure 23 and the top of Figure 24%.

A short discussion of the decoder operating controls
should be of assistance in presenting the theory and oper=-
ation of the decoder circuits, Figure 25 shows the front of
the decoder unit, All operating controls of the instrument
are located on the front panel of the decoder unit except for
the pulse sensor selector switch which is located on the
pulse sensor assembly attached to the treadmill hand bar.

Table 4 lists the function of each of the operating controls,

The pulse sensor selector swiitch serves tc cgomnect the pulss
sensor to the decoder unit. The amplitude of the recorded

pulse waveform may be changed by varying the pulse sensor
light intensity control and the sensitivity control. Onée a
proper waveform amplitude has been obtained, the pump switch

"1s turned to the on position, The maximum manual pressure
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the manual mode of operation is to be utilized. The minimuﬁ.
diastolic pressure control should be set for use in the auto=
matic mode of operation. The mode of operation is determined
by the position of the mode seleetor switch. However, the
pump switch should be turned to the on position before the
mode selector is spring loaded to return to the center po=
sition from the manual mode., Therefore, the switch must be
depressed and held for msnual operation. The occlusion cuff
is vented when the mode selector is returned to the center
position., However, the pulse waveform will be recorded as
long as the pulse sensor selector switch is turned to the
proper pulse sensor position.

In addition to the operating controls on the decoder and
pulse sensor units; calibration and adjustment controls are
located on several of the subsystem units, Adjustment of
these controls 1is requiréd during the maintenance‘alignment
procedure and will be discussed in subseguent sections.

The theory of operation of the decoder circuits is based
on the monitoring of the characteristic amplitude changes in
the pulse waveform with variations in the occlusion cuff
pressure, During the manual mode of operation the pulse
wvaveform amplitude diminishes rapidly to zero as the ocw
clusion pressure is increased above the Systolic value. When

the pressure diminishes to Jjust below systolic, the blood
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output is presented from the pulse sensor. It has been ob-
served that the oécuzrence 0f the first maximum in the ampli-
tude of the envelope of the pulse waveform is an index of
diastolic pressure (10). The values of systolic and dias-
tolic pressure thus obtained are shown by the 8 and D re-
spectively in Figure 4a. The pattern of the pulse waveform
amplitude changes found in the automatic mode is shown in
Figure 4b. During the interval AB, pressure is increased
rapidly to a pre=diastolic value and the pulse waveform shows
little amplitude change. During the interval from B to C the
.pulse waveform remains constant until dlastolic pressure is
reached at point D, after which the pulse waveform diminishes
to zero at above systolic pressure. The value of pressure
corresponding to zero pulse waveform amplitude again corre-
sponds to systélic pressure., During the period E to F the
pressure 1ls returned to zero and the pulse waveform again
returns to the normal amplitude.

The decoder unit was designed to translate the pattern
of pulse waveform amplitude changes in the automatic mode of
operation to indices of systolic and diastolic pressure.

The manual mode has been included in this instrument chiefly
as a system calibration mode. Therefore, the pulse wavefornm
in manual mode will not be decoded in this instrument. De=

coding of this pulse waveform will be performed visually from
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The decoding of the pulse waveform in the automatic mode
is accomplished in the circuits shown in the block disgram of
Figure 22. The output of the pulse sensor 1s passed through
a balanced differential preamplifier. The decoder preampli-
fier 1s located on top of the decoder chassis and is shown in
the left of Figure 1ll. The preamplifier is constructed on a
separate subchassis with twisted-pair shielded cable used for
input and output connections.

Three outputs are obtained from the preamplifier. A
balanced output signal 1s fed to the Sanborn driver-ampli-
fier, Both positive and inverted waveforms are avallable as
Inputs to the diastolic and systolic decoding circuits re-
spectively. The input to the systolic decoder is amplified
and fed to a monostable multivibrator. The output of this
maltivibrator is a positive pulse of fixed duration for each
input pulse. This cutput is processed in a grid charge
circuit and functlions to control a relay driver stage. The
absence of an input to the systolic clrcuilt for a preset
interval of time 1s passed to the control circuits as an
indication that the occlusion pressure has exceeded the sys-
tolic pressure of the vessel. The decoder amplifier tubes
are located adjacent to the preamplifier chassis as shown in
Figure 23. All low level pulse circuits are contained on the

left side of the chassis. The monostable multivibrator
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The relay drivers are located on the right front corner of
the decoder chaseis,

In the diastolic decoding circult, a positive going
output waveform from the preamplifier is amplified and then
passed to a cathode follower. The output of the cathode
follower is fed to a dlastolic detector circuit. This
cilrcuit determines changes in the amplitude of the pulse wave=-
form (2). The output of the detector circuit is passed to an
amplifier and subsequently to a monostable multivibrator.

The output of the multivibrater is fed to the charge circult
and relay driver in a manner similar to the systolic decoder.
The diastolic detector permits pulses to pass to the multi=-
vibrator until a decrease in pulse amplitude occurs. A de~
crease in pulse amplitude results in an output change in the
relay driver which is an indication that the occlusion
pressure has exceeded the diastolic pressure of the vessel.

The large cylindrical component located in the center of
the decoder chassis in Figure 23 is the pressure transducer.
The thyratron, Vq, is located adjacent to the transducer.
Both the transducer and the thyratron are part of the pressure
transducer circuit., A test socket is located to the rear of
the thyratron. Control switches, potentiometers, and the
pressure decay valve are mounted on the front panel of the

decoder unite.
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sented with reference to the schematic diagrams and voltage
waveforms of the decoder circuits. TFigure 26 is a scheratic
diagram of the differential preamplifier. Table 5 is a com=
ponent list for this circuit. The input to the preamplifier
is taken from the shielded housing of the pulse sensor con=
nector shown in the upper left of Figure 24t. The pulse
sensor output is passed to the grids of V; through input
networks consisting of 0,05 mfd coupling capacitors and five
Amegohm grid resistors. This coupling network functions to
reduce the low frequency variation in the pulse waveform re-
sulting from changes in the blood volume of the finger. Ca=-
pacitors C3, Cy, Cg, and Cg serve as high frequency by~pass
networks, There are units of the "150" series recorder which
utilize a radio frequency heater power supply of approxi=
mately 2.5 megacycles. The cathode circult of V1 consists
of R7, R8, and Rg. The common cathode resistor, Rg, provides
in phase rejection, chiefly to reduce power line inter=

ference. The plate clrcult consists of plate resistors Rig;

3 - A
R13; the sensitivity potentiometer Rip, 2nd the resistor
m
R313s The sensitivity control 1s located on the front of the

decoder unit and is shown in Figure 25. The networks com=
posed of Ryy, Rigs Ry5, and Ryp are bias networks available
for possible future use as biased output networks to the

direct coupled driver amplifier of the Sanborn recorder. The
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Rjg to the second amplifier stage.

The seccnd amplifier stage, V5, i1s located on the center
of the preamplifier chassis shown on the left in Figure 23.
The cathode circuit of Vo, consists of Rzp, Rpl, Rpps and Rp3s
The balance control Rpp, is located cn the side of the pre-
amplifier chassis and permits adjustment of V,, a 5814 medium
/ztriode, to obtain balanced amplifier operation. The plate
clrcuit of Vo 1is similar to the plate circuit of V1, with the
exception that the senslitivity resistor Rpg 1s not adjustable.
The second stage of the preamplifier, also functions as the
preamplifier to the Sanborn recorder which is direct coupled,’
Therefore, the output of this stage must supply *he required
grid bias voltage to the first stage of the driver~amplifier.
The resistance network composed of Rpy, Rpg, Rp8, and Rip, is
connected to the negative voltage supply and provides a
voltagerf 45 +1 volt for bilas purposes. The preamplifier
stage signal output to the driver-amplifier is passed through
this network and is connected to terminals 13 and 1% of the
amphenol connector, J3, located on the rear of the decoder
unit. The positive going signal is connected to terminal 13
in accordance with the input circuit requirements of the
driver~amplifier, Terminal 15 is the common system ground and
completes the balanced output to the driver-amplifier., Figure

27a shows a typical pulse waveform input to the preamplifier
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Figure 27 is i cm per second. The pulse detector waveform of
Filgure 27a has an amplitude of approximately 30 mv. The pre-
amplifier output waveform to the Sanborn driver-amplifier is
shown in Filgure 27b, The amplitude of this waveform is ap=-
proximately 1.5 volts and will result in a 2 cm recording
when passed to the driver-amplifier.

The preamplifier output waveform 1s also ampiified by V3
and the associated circults. The grid input circult consists
of Cg, R3ys C10s and R3p. This amplifier stage 1s also of
differentlal design. The cathode circult consists of R33,

R34, and R3g. The plate circuit consists of R3¢ and R3yy. The
output from the amplifier stage to the systollec and diastolic

decoders is shown in Figures 15 and 15d. The output waveform
from the pulse senscr, corresponding to the'digital pulse |
waveform, 1is effectively differentiated_by'the RC coupling
networks of sach amplifier section. The waveforms of Figures
15¢ and 154 are comparable %o waveforms of the second deriva-
tive of the digital pulse computed with graphical techniques
by Burch (4) from data obtained with a digital plethysmograph.
The differential of the pulse waveform is demonstrated by com=
paring the waveforms of Figure 27. The section of the pulse
vaveforn in the neighborhood of ihe dicrotic noteh exhibits
the most pronounced change in waveform shape,

The use of the balanced differential amplifiers in this
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instrumgnt was necessitated by the requirsment tC separate
the desired pressure pulse waveform from an input signal con=
taining considerable 60 cycle interference (26). The digital
pulse sensor signal is composed of approximately 150 mv of
interference imposed on 30 mv of desired signal information.
The first preamplifier stage has a common mode rejection of
approximately 3000, The succeedlng stages of the amplifier
provide additional common mode signal rejection; however,
these stages function chiefly as amplifiers and signal in-
verters for the output signal of Vj.

The inverted pulse pressure waveform from V3 of the pre-
amplifier is passed to the systolic decoder circuit. The
schematic diagram of the systolic decoder circuit is shown in
Figure 28, Table 6 is a component list for this circuit.

The inverted pulse waveform, as shown in Figure 27c¢, is
passed through Cj; to the gain control R38e This potenti=-

ometer is seen between tubes Vy and V7, adjacent to the pre=-

amplifier chassls in Figure 23. The signal is amplified and
inverted 1n tube Vy, and passed to the monostable multi-
vibrator through the coupling capacitor Cjp and the wave-
shaping circuit consisting of CRy, CRop, Ry1, and Rys. This
waveshaping circuit clamps the pulse waveforms to a negative
potential of approximately 52 volts. The diocde CRy, then
clips the positive going pulse. Only pulses with signal

amplitudes in excess of the negative clamp-off voltage es=



Lé

vapLllSNeC on TAe grid oI ¥pi by The voitage aivider netgcrg
composed of Ryjs Ryp, Ryy; and Rug in conjunction with Vgp
are‘passed to the grid of VSAO Proper adjustment of the sta=-
bility potentiometer, Rujy will permit Vg to remain in the
nonconductive state until a positive going signal from Vig
causes V5A to conduct. This diodé waveshaping circuit is re-
quired to limit the effects of spuriocus signals resulting
from the high amplification c¢f the digital pulse waveform.
The decoding of a systolic pressure index depends on the de~
termination of the last pressure pulse waveform pricr tc
systolic occlusion, The sensitivity of the decoder circuit
therefore depends on the ability of the electronic circuitry
to distinguish between the last bldod pulse waveform and the
inherent system noise. Ideally, the stability potentiometer
Ryj should be adjusted to enable only the positive pulse wave-
form to pass to the grid of V5Aa Thereby, all undesired
signal components, or noise, will be clipped by the dlode
waveshaping circult. | |

The positive output pulse from the diode circuit causes
Vgs of the monostable multivibrator circuit to pass to the
conducting state, which effects an output signal from the
multivibrater stage. The operation of thls multivibrator is
fully described in Millman and Taub (18). The multivibrator
stability adjustment; Ry, and systolic multivibrator tube Vg

is located on the right rear of the decoder unit chassis., For
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cacll POSlTlVe pressure pulse the mondstable multivibrater
output is a 50 millisecond square wave pulse with an ampli-
tude of 40 volts. This muitivibrator output pulse is coupled
to the relay driver stage by the charge circuite.

Capacitor C35 in éombination with semiconductcr diodes
CR3, CRy, resistors Ryg, Ryg, and capacitor Cj¢ form the
storage circuit for the relay driver stage Vgge The primary
purpose of this storage circuit is to insure the occlusion
pressure hes increased beyond systolic pressuré before the
relay control circult effects the release of occlusion
pressure. The output voltage pulse of Vg 1is coupled through
Ciy and clamped to ground by CR3. The diode CRy permits the
positive pulse toc pass to the grid of Vga and to the shunt
capacitor and resistor. Capacitor Cj¢ charges towards the
positive multivibrator pulse voltage and discharges thfough
Ryg and R49. The voltage on C16 functions to drive the relay
driver stage into conduction. The plate circuit of the relay
driver tube, which contains the relay K, is connectad in
series through the mode selector switch, S,p, and contact pole
3 of relay Kg to the By power supply. Therefore, the relay
driver stage will only operate vhen this series path is
properly completed. The functioning of the relay circuits

T
y

will be discussed in connection with the control relay unit,.

Q

4 positive voltage in excess of seven volts at the grid of Vg

is sufficient to insure that relay Ky will be energized
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crease. Capacitor Cjg 1s charged by the output pulse of the
multivibrator. The series resistors, Ryg and Ryg, are con-
nected 1n parallel with Cj4 and form a discharge circuit for
the capacitor. The potentiometer, Ryg, permits the discharge
time constant for Cy¢ to be varied. The period of time for
which the relay Ky will remain energized after the last
digital pressure pulse can be varied from 0.3 to 1.9 seconds.
However, the decay time of the storage circuit must be suf=-
ficient tc insure that Ky remains energized between succeeding
digital pulses. The range of decay time corresponds to heart
rates of 200 to 40 beats per minute respectively. A decay
time setting of 1.5 seconds will insure that the circuit will
operate within the specifications for subject pulse rates as
shown in Table 1.

The primary purpose of the Qiastolic decoder is to ob=
taln an index of diastolic pressure from the digital pulse
vaveform. The input to the diastolic decoder is a pulse wave=
form from the preamplifier chassis. The output of this
circuit is in the form of a relay position change in the con~
trol relay unit. The diastolic decoder circuit monitors the
pulse amplitude and semnses a decreasing of the pulse ampli-
tude. The occurrence of a diminishing pulse amplitude corre-
sponds to an increase in occlusion pressure over diastolic

pressure and 1s therefore an index of diastolic pressure.
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in theory and operation. The major différence is the ad=-
dition of a diastolic detector circuit (2)., Figure 29 is a
schematic diagram of the diastollc decoder, Table 7 is a
component list for this circuit. The positive going output
of the preamplifier is passed through the RC ccupling network
composed of C17 and Rgo to an amplifier stage. The output of
the amplifier, Vns, 1s passed through a capacitor, C3g, to
the diastolic gain'adjustment, Rgg. The gain adjustment,
Rgg, 1s located on the left side of the decoder chassis and
serves to establish the input voltage level to the cathode
follower.,

The cathode follower serves to isolate the amplifier
stages from the charge circuits of the diastolic detector.
The output of the cathode follower is a pulse waveform which
has been differentiated by the interstage covpling networks
of the amplifier stages. The output of the cathode follower
1s coupled by the capacitor Cig to the diastolic detector

circuit,
The operation of the diastolic detector circuit will be
presented with reference to Figure 30. An oscilloscope sweep

of 1 em per second was used for this photograph. Both

)
Pt

igures 30a and 30b represent an amplitude sensitivity of 10
volts per c¢cm of oscilloscope deflection., A typical voltage

vaveshepe appearing at the junction of C19: CRg, and CRg 1is
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slowly increasing in amplitude. The base line of Figure 30a
represents zero voltage. The positive portion of the pulse
waveiorm éauses conduction through CR5 with a resultant in-
crease in the voltage of capacitor Cpp. This increase in the
voltage of Con is shown by the two steps in the waveform of
Figure 30b., The voltage on Cpp will increase, with each

pulse, until a charge balance between capacitors Cjg and Cpg
has been attained. During the portion of the pulse wavefornm
when the pulse amplitude is lass_than the voltage on Cpp the

capacitor discharges through 357 due to the blocking effect
of CR5. This discharge 1s shown by the decrease in amplitude

of the voltage waveform of Figure 30b, The discharge time of
Cop and R57 is large, as the RC time constant of this clrcuilt
is approximately cne minute. The third pulse of Figure 30a
serves 1o demonstrate the operation of the diastolic detector
as the pulse amplitude decreasss. Once the gredually in-
creasing occlusion cuff pressure has e=xceeded the cdlastolic
pressure of the artery, the amplitude of the distal pulse

te of de=

0

waveform willl gradually decrease to zero., The r
crease of the pulse amplitude is dependent upon the rate of
increase in oceclusion pressure.

The latter éulses shown in Figure 30a represent pulses
of decreasing pulse amplitudes occurring with the increase in

the occlusion pressure, When the amplitude of the positive



AR
| .

-

golng puise 0l rigure 304 las UBCULE Le33 LAl Lue Yoliags ol
capacltor Cpp, conduction through CR5 ceases. If the rate of
decrease in the pulse amplitude is greater than the discharge
rate of capacltor Cpp, the voltage on the capacitor will con=-
tinue to discharge as shown in Figure 30b. The negatlve
portion of the waveform of Figure 30a is conducted through

CR¢ and appears as an output signal across Rsg. The voltage

in capacitor Cop functions to cause the average value of the
diminished pulse waveform to remain above zero as the capaci-
tor discharges, thereby permitting the pulse waveform to be-
come completely positive. Once the pulse waveform becomes

positive the output of the dlastolic detector through CRg

ceases, If the amplitude of the pulse waveform were to re-

main at the new, but lower, voltage level the voltage of Cop

would eventually decrease until the pulse voltage exceeds the

capacitor voltage. Charging of Cog would then be effected

and a waveforn similar to that shown on the left of Figure
30b would result. The dlastlolic detector is not dependent
upon the amplitude of the pulse voltage for proper operation,
The diode and capacitor charge circuits will funetion to
stabilize the diastolic detsctor for operation at voltage
levels corresponding to the input pulse. The output of the
amplifier Vip is passed through Cop to the diastolic muliti-
vibrator sensitivity adjustment R¢goe The operation of the

remaining stages of the diastolic decoder circuit is identi-

ae
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with that described for the systolic decoder ci
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The ecalibration of the decoder unit consists of the ad-
justment of the gain and stability of the decoder circuits to
insure proper interpretation of the variations of the pulse
waveform. The decoder unit calibration has been divided into
two parts, a maintenance alignment and an operating alignment.
The maintenance allgnment i1s designed to calibrate the de-
coder circuit, chiefly through the chassis adjustments. The
operating alignment should be performed at the start of the
treadmill exercise evaluation, This alignment establishes
the proper input waveform to the decoder unit.

The maintenance alignment procedure must be performed on
the decoder unit while the unit is operational, A six foct
patch cord has been constructed which will permit the coper-
ation cf the decoder unit external to the Sanborn recorder.
The patch cable has connectors which mete with the decoder
unit and the driver-amplifier unit. The connector which
mates with the decoder is fitted with test points for all the
circuits connecting with the driver-amplifier. A4 balanced
phone type jack is also provided to permit the monitoring of
the preamplifier output to the recorder. The connecting cable
is shown attached to thie decoder unit in Figure 31.

The maintenance alignment of the decoder unit is con-

tained in Table 8. Table 8 is the maintenance alignment pro-

b

cedur or ail units of the blood pressure measuring instru-

@
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1s possible, a composite alignment for all circuits 1s more
feasible in consideration of the interconnections between the
units, The maintenance alignment of Table 8 is designed to
calibrate the pressure control circult, the pneumatic system,
the recycle circuit, in addition to the decoder circuits,
Figure 32 is a schematic diagram showing the location of the
decoder unit chassis maintenance adjustments., The decoder
circuits are callbrated using a pulse wzaveform of 2 cm de-
flection on the recorder tracing. This amplitude of recorded
waveform corresponds to an output voltage of 1.2 volts from
the preamplifier chassis of the decoder unit. The decoder
unit will function with pulses of greater amplitude. However,
the use of this pulse amplitude for calibration procedures,
both in the maintenance and operating alignments, will pro=
vide sufficient sensitivity in the decoder circuits to insure
their proper functioning even with pulses cf 0.8 cm amplitude.
The maintenance alignment requires the measurement of the
voltages required for the proper operaticn of the instrument.
The value of voltage and the corresponding meszsurement lo-
cation are presented in Table 9.

The operating alignment procedure is presented in Table
10. While the maintenance alignment involves other units of
the instrument, the operating alignment involves only the

front panel controls of the decoder unit and the pulse sensor
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each time the pulse sensor is connected to the subject.

Sk

The operating alignment should be completed

Item

eight of this alignment is concerned with obtalning a re-

corded pulse waveform of 2 cm amplitude which exhibits a mini-~

mum 0 power line interference.

Variation in the amplitucde of

the pulse waveform may result from changes in the vasomotor

activity of the finger.

The pulse sensor lamp intensity con=-

trol may be adjusted to restore the amplitude of the pulse

waveforn,

Ce

Pressure Control Circults

The pressure control circuits function to provide the

‘programmed pressure operation of the pneumatic system.

Also,

these circuits afford remote switching of AC line voltages,

thereby permitting line voltages to be excluded frowm the

proximity of the preamplifier and amplifier circuits of the

decoder unit.
with the other

There are four
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the programmed

circuit.

The interconnections of

units of the instrument
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the control circuits

are shown in Figure 33,

1

upply circuit,

1e automatic timer

First, consider the operation of the pressure transducer

circuit.

This circuit converts air pressure changes into e=

lectrical signal outputs to a second recorder channel and to
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1s used to control the flow of air in a manner which will
produce an occlusion pressure waveform as shown in Figure k.

The pressure transducer circuit is composed of a Bourns
pressure transducer, a 2D21 thyratron, pressure selection
switches, potentiometer adjustments, an output relay, and the
necessary interconnecting networks. Figure 34 is a block
diagram of the pressure transducer circuit. Alr pressure
from the pneumatic system 1s transduced to a voltage signal
by the pressure transducer. The output cf this transducer 1is
connected to a balanced output jack for interconnection to
the DC input jack of a separate recording channel preampli-
fier units A Sanborn ECG preamplifier is used for this
purpose and is located below the decoder unit in the recorder
cabinet. The interconnection between the units may be seen
in Figure 8, The output of the transducer is also passed
thrpugh a network of pressure selection switches. These
switches permit the selection of the maximum manunal pressure
and the minimum diastolic pressure as presented in Table k.
The transducer output, as obtained from the switch network is
connected to a thyratron relay driver stage.

The schematic diagram for the transducer circuit is
shown in Figure 35. A list of components is presented in
Table 11. Several transducers were investigated for use in

this circuit. These included differential transformer types,
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tube=phosoconductive types, and experimental types with btoth
continuous and digital outputs from 2 bellcws=photo sensitive
semiconductor element, The transducer'used in this instru-
ment is a Bourns type 509, and is constructed with a bellows
linked to a 5000 ohm, 0.5 watt potentiometer. The pressure
range of this transducer is 0.10 psi. The availability of a
comparatively high voltage DC output, in the order of 50
volts for full scale pressure, permitted the use of this
transducer in a thyratron control circuit without further
amplification. The frequency response characteristics of
this transducer were evaluated experimentally and determined
to be adequate for this application.

Alr pressure in the pneumatic system is transmitted to
the pressure transducer by a network cf polyvinyl hoses as
shown in Figure 24, The transducér 1s shown in Figure 235 as
the large cylinder in the center of the decodar chassis.
Voltage is applied to the transducer through the series rew

sistors Ry3y and Ryh. The arrow shown alongside the trans-

[ip]

=]

-

ducer in Figure 35 corresponds to the direction of %fransdn
resistance change with an increasing pressure. The voltage
applled across the transducer is adjusted by 374 which 1s
connected to the negative 100 volt power supply. The output
voltage of the transducer is connected to both an output at-

tenuator network and a pressure selection network,
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output voltage to the Sanborn ECG preamplifier which 1s both
proportional to the transducer output voltege and has a zero
pressure value at approximately ground potential. As
pressure is increased 1ln the transducer the voltage across

the series resistor Rpy and Rpg increases to approximately

13.8 volts for an air pressure of 300 mm Hg in the oeclusion
cuff system. The voltage across Ryg 1s connected to the air
pressure DC output voltage jack, Jy. The voltage divider
network Rpg and Rpg reduces the transducer output voltage Jy
to 5.5 volts for an air pressure of 300 mm Hg. This value of
voltage was selected to enable the use of the sensitivity and
attenuator controls of a Sanborn ECG preamplifier in es=-
tablishing the calibration for the occlusion cuff pressure
recording., The air pressure DC output voltage jack is con~
nected by a jumper cable to the DC imput jack of the ECG pre=-
amplifier. The calibration procedure is described in Table 8
and consists of setting the ECG sensitivity to provide a full
scale recording which will correspond to a pressure of 150

mm Hg 1f the ECG preamplifier attenuator is set on 10, and 300
mm Hg if the attenuator is set on 20. At the request of Dr,
Gustafson of the United Heart Station, a base line for the oc-

5

(¢}

lusion cuff pressure recording of 5 mm from the right margin

o

i11

3

e utilized. The capacitor, Co7s serves to integrate
rapid pressure varlations, thereby producing a smoother re-

corded pressure curve.
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pressure selection switch network and subsequently to the
thyratron, Vg. The function of the pressure selection
network is to provide an input voltage to the grid of the
thyratron which will cause the tube to conduct when a selected
alr pressure has been attained in the pneumatic system.
Switch S5, is the minimum diastolic pressure control. Switch
S3 1s the maximum manual pressure control. Switch Sy is a
section of the mode selector switch. All these switches are
located in the front of the decoder unit., Switch Sp is con-
nected through switch Sy, to the grid of the thyratron when
the mode selector is in the automatic position. Switch S3 is

connected to the thyratron for the manual mode of operation
only. As the pressure in the transducer is increased the
voltages on the contact points of switches S, and S3 become
less negative. The voltage on a particular switch position
will pass through the thyratron firing potential when the
‘pressure in the transducer reaches the value noted in Figure

35. BSwitches Sp and S3 are normally preset to the desired

Pt ]
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thyratron 1s ~56.5 volts and is estabiished by the network
composed of the Zener diode, Z] and the resistor, K88. When
the grid voltage reaches the firlng potential the tube con-
ducts and K3 remaine energized until the plate circuit of Vg
is interrupted.

The plate circuit of the thyratron contains a potenti=-



\Jt
NG

~yen o e o h o), Y. s T e W E AL TN S« d S Al mmmdamd D AL meaT e T

Veew v ey St 3 =Ty SeyR T vves ey e v wem e v em e e o aw—y -—

The potentiometer enables the adjustment of the thyratron con=
duction current to insure the proper functioning of K3e |
Switch Syc, which is a segment of the mode selector switch,
deactivates the thyratron circult whenever the mode selector
switch is in the center position. Contact 2 of the relay Ku
is normally open, therefore the thyratron circuit will not
function until Ky is energized. The operation of Ky will be
discussed as part of the relay control unit.

The relay control output of the pressure transducer
circuit is combined with optputs from the decoder operating
controls, and the systolic and dlastolic decoders to form the
inputs to the programmed control relays. These relays are
located in the control relay unit which is mounted on the
supplementary chassis. The units mounted on the supplementary
chassis are shown in Figure 36. The power supply unit is
located on fhe ileft, The control relay unit is next to the
power supply. The programmed pressure valve unit is mounted
next to the pump which is on the right. The knob on the top
of the control relay unit is the automatic timer adjustment.
The connectlions to the relay unit are shown in Figure 8.
Figure 33 1s a dlagram of the cable connections to this unit.
The 6.3 volt AC control and thyretron heater, the 115 wvolt A
reiay and pump povwer, and the negative 100 volt supply

voltage are obtalned from the power supply unit. Output jacks
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pump are located on the control relay unit. Connecting plugs
and cables are attached to the unlt concerned. Another
output from the relay unit is a cable to the relay spark sup-
pression capacitors which are mounted below the control relay
unit.

Figure 37 shows the inside of the control relay unit.
Relay K;, the systolic decoder relay, is located on the left, -
or the rear of the relay unit. Relay K3; the pressure trans-
ducer relay, 1s located between relay K; and relay Kp, the
diastolic decoder relay. The next relay, Ky, functions as
part of the automatic timer circuit as does relay Kg which 1is
located in the center foreground. The second relay from the
right, operates in the mode selector cilrcuit. The last relay
K7, functions in the line power control circuit. The small
tube chassis located in the lower left of Figure 37 contains
the time delay relay, Kg, and potentlometer, Rgy, of the
pressure transducer circuit.

Figure 38 1s a schematic diagram of the control relay
unit, A component list for this unit is presented in Table
1Zz. When the main power switch of the Sanborn recorder 1s
turned to the on position, power 1s supplied to the negative
power supply unlt. This unit then supplies power to ihe relay
control circult. Heater voltage is applied to the thyratron,

Vg, whenever the main power switch is in the on position.
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wlll function when the pump 1s turned on without loss of con-
trol during = warm-up period. The pump switch, Sg, also
serves to control the application of ling power to the conirol
relay circuits. Closure of Sg applies 6.3 volts AC to relay
K7 and lamp PL3. Relay Ky then ccnnects power to the pump and
the contacts of Kg. Relay K¢ 1s energized by 6.3 volts AC
from a segment of the mode selector switch Syp. This relay is

shown in Figure 38 in the unenergized state, corresponding to
both the stand-by and automatic mode position,

Let us consider the relay functions for the automatic
mode of opération. In the automatlc mode, AC line voltage
from K9 1is appliéd to the contacts of Kj, ths systolic decoder
relay. With the mode Qwitch i1n automatic Syp applies plate
voltage to both the relay driver stages of the decoder unit
through the normally closed contact 3 of relay Kg. Therefore,

relays K1 or Ko will be energized when the corresponding relay

driver stage 1is in the conducting state, the mode switch is in
the automatic position, and relay Kg 1s not in the energized
position. The occurrence of arterial pulses effects a
switching of Kj to the closed position which applies line
power to relay Ky through contact 1 of relay K3. When relay

- K 1s energized the thyratron pressure control ecircuit 1s conm-

pleted to relay K3 by the cTOSi of contact 2 of Ky. The
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and 15 of terminal board TB-1 are connected to the programmed
pressure valve as input signal terminals. This valve has
four stable positions, and changes position when line voltage
is applied to the prcper input terminal. -Application of line
voltage to terminal 12 corresponds to setting the valve to
permit the occlusion pressure to make an initial pressure
jump as shown in Figure 4b. As the alr pressure is increased
the pressure transducer circuit functions to energize K3 to
correspond to the pressure selected by the minimum diastolic
pressure control, S,. When K3 is energized, 115 volts AC is
applied to terminal 13 to switch the valve to obtain the
diastolic rate of lncrease in the occlusion cuff air pressure.
‘Relay K3 will remaln energlzed untll the thyratron plate
circuit is interrupted by the opening of either Ky, or Sys of
the mode selector switch.

During the periocd in which the occlusion pressure is in-
creasing at the diastolic rate, corresponding to the interval
BC of Figure 4b, the diastolic decoder relay 1s energized,
When diastolic pressure is attained, corresponding to point D
of Figure 4b, the input to the diastolic monostable multi-
vibrator ceases and after a delay of approximately 1.5 seconds
the diastclic relay X, 1s un-energized, which then applies

line voltage to the valve unit through terminal 14%. The valve

unit is now switched to the systolic air flow rate, corre-
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pressure is attained, at point S, the input to the systolic
monostable multivibrator ceases and after a delay of approxi-
mately 1.5 seconds the diastolic relay K is un-energized. As
relay Xj is returned to the off position, line power is ap-
plied through contact 2 of the energized thyratron relay, Kj,
to relay KS‘ When relay K5 is energized, the recycle timing
circuit is activated, The automatic system recycle consists
of four steps. First, relay Kg is locked in the closed po-
sltion by the voltage supplied to contact 1 from the normally

closed contacts of the thermal time delay relay, Kg. Second-~
ly, heater voltage is applied to the time delay relay. Third,

the plate circuits of both the systolic and diastolic relay
driver stages are deactivated by the opening of contact 3 of
Kg. The closing of relay Ks also removeé voltage from the
coll of relay Ky by the opening of contact 4 of Kg. When the
coil clrcult of relay Kiy is opened, the relay returns to the
open position, thereby interrupting the thyratron control
circult to relay K3. The opening of relay K also connects
terminal 15 of TB-l1 to the AC line power which will position
the programmed valve unit to permit the occlusion cuff to vent
all air. The last step in the automatic system recycle is the
functioning of the time delay relay, Kg. The opening of the
contacts of K removes the lock voltage to relay Kg, which
will cause the relay to open. The opening of relay K5 will
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circuit of relay Ky. Thus, the control system has completed
one c¢ycle in the automatic mode. If arterial puises are a-
vailable at the pulse sensor, then K; energizes and the auto-
matic relay cycle is repeated. The recycle rest interval,
the time requlred for the thermal time delay relay to
function, may be varied by either adjusting R89 or by inter=-
changing time delay relays. 7Two Amperite time delay relays
have been provided with this unit, one relay has a nominal
delay time of five seconds and the other has a nominzl delay
of 15 seconds. Recycle rest time intervals of from two
seconds to 1.5 minutes have been obtained by varying both the
thermal relays and the setting of Rg8ge

The movement of the mode selector to the manual pcsition
closes relay K¢, which causes KL to become energlzed. The
closing of K4 connects line power to terminal 12 of TB~1 which
causes the value assembly to rotate to the position which will
permit the rapid bulld-up of system pressure. The closing of
Ky also completes the thyratron control circuit. When the
pressure in the system reaches the pressure selected on the
maximum manual pressure control, S~3, the thyratron is fired
and relay K3 is energized. The closing of relay K3 connects
the programmed velue unit to the AC line power so that the
value unit may rotate to a closed position. Thus, the oc-

clusion cuff has been filled with air at the pressure level
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pressure in the manual mode of operation is effected by
varying the menual pressure decay control. The pressure in
the occlusion cuff will also be vented by the return of the
mode selector to the center position. When the mode selector
switch 1s in the center position, line power 1s applied to
terminals 13, 1%, and 15 of terminal strip TB=1 which switches
the programmed pressure valve to the stand-by position, there-
by venting the occlusion cuff to the atmosphere. The center
position of S5y also removes plate voltage to the thyratron
control and decoder relay driver circuits.

The negative power supply unit, while not an integral
part of the control relay unit, is directly concerned with the
functioning of the control e¢ircuits. The inclusion of a power
supply in addition to the supply contained in the driver=
amplifier system of the Sanborn recorder was due to the ina=-
bility of the recorder supply to furnish the required 30 ma of
current at a negative 100 volts potential. The output charac-
teristics of the negative power supply are presented in Table
13. Figure 39 is a schematic diagram of the power supply unit
shown on the left in Figure 36. A component list for this
circult is presented in Table 12. Full~-wave rectification is
achieved by Vip, a 6Xit full wave rectifier diode and regu~

lation are accomplished by Vi3, & voltage regulating tube.
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The purpose of the pneumatic system is to supply air
pressure to the occlusion cuff. The major components of the
system are shown in Figure Y%0. The pump supplies air to the
programmed pressure valve. The programmed pressure valve di-
rects the air flow through the air pressure rate valves to the
mode selector switch. Air is passed through the mode selector
switch to.the occlusion cuff to obtaln the occlusion pressure
wvaveforms of Figure k4.

A continuous duty pump, capable of delivering 400 cubic
inches of air per minute at 18 psi, was selected as the system
air pressure source. The pump 1s mounted on four springs
which in turn are mounted on a chassis which "floats" in a
holder composed of cne inch foam rubber. Thils assembly is
seen dn the right of Figure 36. The "“floating" mounting of
the pump essentiaily eliminatés all pump vibrations to the
recorder unit.

Alr input to the pump is through an input muffler located
below the pump unit. The pump output is connected to the
valve assembly on the top of the programmed pressure valve
unit as shown in Figure 36. The system pressure is restricted
to less than 10 psi by an overpressure bleed-out valve located
cn the top of the pressure valve unit. This bleed-cut valve
is designed to protect the transducer, which has a full scale

pressure of 10 psi, from damage due to over pressurization.
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struction of the pressure valve units. A programmed pressure
valve system using twe stepping relay valves and two variable
air orifices was chosen for development. The chief advantage
of this system 1s the sequential program bullt into the relay
valves and the automatic control relay circuit. The cholce

of the sequential system, a system using the satlsfactory com=
pletion of one event to initiate a second event, instead of =
system using a timed cycle of operation was based upon the
shorter occlusion cycle time of the former type.

Since the determination of both the systolic index and
the diastolic index is based upon the observation of digital
pulse amplitude changes with variations in the occlusion cuff
pressure, the accuracy with which the systolic and dlastolic
pressure measurements are made is dependent upon both the rate
of change of the occlusion pressure and the heart rate of the
subject., If a change in the successive pulse amplitude is
taken as an index of diastolic and systolic pressure, the
pulse changes can only be observed with each heart beat. Iet
us consider a normal heart rate of 72 beats per minute having
a pulse period of 0.83 seconds. If the occlusion pressure is
increased at a linear rate of 10 mm Hg per second the pressure
will change 8.3 mm Hg in one pulse period. Let us now con-
sider that the index of either diastolic or systolic pressure

oceurs at a time corresponding to the mid-point of a pulse
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period. Then thera axisfa the nnaeihility nf an arwarn of
4.15 mm Hg between the value of the occlusion cuff pressure
at the time of the index and the actusal occlusion cuff
pressure, which caused the change in the arterial flow
characteristics. Therefore, the error between the measured
and the actual values of systoliec and diastolic pressure may
be decreased by reducing the lncrease in occlusion pressure

per heart beat,
It may be seen-from Figure 1 that the anticipated change

in diastolic pressure with exerclise will be considerably less
than the change in systolic pressure. Since the chief use of
this instrument will be to investlgate pressure changes during
treadmill exercise greater accuracy in measuring the diastolic
pressure than in measuring the systolic pressure is desirable
due to the smaller changes involved. Therefore, an increase
in occlusion pressure of approximately 5 mm Hg per second for
the diastolic pressure measurement and approximately 10 mm Hg
per second for systolic pressure measurement is desirable.

‘ The accuracy in determining the occlusion pressure correm=
sponding to the blood pressure indices is increased with ex-
ercise due to the resultant rise in the heart rate. A heart
rate of 120 beats per minute with an occlusion pressure ine

crease of 10 mm Hg per second corresponds to & possible error

O

f 2.5 mm Hg between the value of the occclusion cuff pressure
at the time of the blood pressure index and the actual oc=

lusion cuff pressure, which effected the change in the blocd

O
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The pressure conirol system used in the programmed relay
control unit consists of two valve units which are switched
in the proper sequence by control voltages from the control
relay unit. The switchiné of the valve units functions to d4i-
rect the flow of air through a system of variable orifices
which control the rate of pressure increase in the occlusion
cuff{ system,

L schematic diagram of the pneumatic system is shown in
Figure %1, Air from the pump passes through a system of pipes
and hoses to the two position valve unit. The position of the
valve unit is controlled by the position of the rotor of the
stepping relsy connected to the valve. The output of the
valve units is connected to the air orifices or to the
pressure transducer and occlusion cuff in order to produce the
odcclusion pressure waveform as shown in Figure Lb.,

An investigation and evaluation of commercially available
solenoid valves sultable for use in tkis system was made.
Satisfactory commercial valves were not available, and a valve
unit was constructed for use in the pneumailc system. Figure
42 is a photograph of the programmed pressure valve assenbly
with the top'covef removed. A component list for this unit is
presented in Table 12. Two relay=-valve units were constructed
by modifying a standard 24 position, spring return stepping

relay. The stepping relays were adapted for continuous ro-
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Tations Lne relay Stepper roTates 1) gegrees wiin each
application of line voltage to the relay coil. The relay
coil was comnected in series with a 24 position switch which
is mounted between the valves and the relay. A normally
vclosed contact was added to the stepping relay to insure that
the coil circuit would be interrupted after each 15 degree
rovation. Each relay unil has three stable positions as
shown in Figure 41, The programmed relay valve, PRVy, shown
on the top in Figure 41 corresponds to the relay valve shown
on the top in Figure 42. Standard metal laboratory stopcocks
are used for the valve units. The stopcocks are mounted to
the stepper relays as shown in Figure 42. Relay valve, PRV,
functions to provide the rapid increase in pressure corre=-
sponding to the interval AB of the oéclusion waveform of
Figure Y4b and also to vent the occlusion system to the atmos-

phere. Relay valve, PRVp, functions both to vent the pump

during the rest intervals and to provide the proper rate of
increase in the occlusion pressure.

The electrical connecticns to the programmed relay unit
are shown in Figure 41, While each valve unit has three
stable positions, the programmed relay unit has four stable
positions, These positions are shown in Figure 41, which has
been drawn to correspond to the rest or stand-by position.
All segments of the 24 position switeh on fhé stepper relays

not used as control positions are connected in common. When
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Thoe pump swWiten; S=Y 1S placed 1n Tne on position, Line
voltage 1s connected to these common contacts, which causes
the stepper reiay to rotate to a control contract which is
not energlzed. The control contacts are energized by the
control relay unit to insure the programmed reiay unit is in
the proper stable position. The electrical connection to the
control felay unit is made through a seven wire cable and
plug, shown in Figures 41 and 42.

The interconnections between the sections of the pneu=
matic system contained on the supplementary chassis and the
decoder unit are shown in Figure 9. Two polyvinyl air hoses
are connected to the copper decoder air input pilpes which ex=-
tend through the driver-amplifier chassis of the Sanborn re=-
corder,

In position 1, the occlusion cuff system and the pump are
both vented to the atmosphere. When relay Ky of the control
relay unit is energized, in either the automatic or manual
mode of operation, the programmed relay unit rotates to po=
sition 2. The movement to position 2 is accomplished by
rotating PRVy, through 180 degrees and PRV, throngh 135 de-
grees., Alr now flows directly from the pump to the occlusion
cuff through PRVi. If the automatic mode 6f operation 1is
being used alr will also flow through PRV,, the variable ori-
fice, V03, and the mode selector switch to the occlusion cuff,

Position 2 effects the rapid increase in air pressure required
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creased to the value preselected to operate the pressure
transducer circuit; the progfammed valve unit is advanced %o
position 3. The change of operation from position 2 to po~
sition 3 1is accomplished by rotating PRV, by L5 degrees. In
this position, alir flow to the occlusion cuff 1s dlrected
through the variable orifice, VO0j. The orifice, VOj, controls
the rate of pressure increase during the diastolic decoding

period. When the diastolic decoder relay Ko is released the

programmed relay valve is switched to the fourth operating po=-
sition. The valve unit PRVj is now in position 4 and the
rotation of PRVo by 45 degrees places both units on the fourth
position, The fourth stable position permits air to flow
through both VO3 and V0o, thus obtalning the systolic rate of
increas® in pressure. The application of voltage to the
programmed relay unit from the control relay unit signifying
the completion of the occlusion pressure cycle returns both
reléy valves to the first position. The programmed relay
valve unit is dependent upon the control relay unit for all
pesition control voltages. However, the valve units will only
cperate in the sequence described above, as the satisfactory
completion of the pressure coperation at each position is re=-

from the control relay

m

quired to produce the proper voltag
unit to enable the stepping relay to advance to the next po-

sitiocn.
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is connected to VO3 instead of V01 and VOp. Therefore, when
the maximum manual pressurc 1s attained the programmed relay
valve will be switched to position 3 without a further in-
crease in the cuff pressure., Counter clockwise rotation of
the manual pressure decay control results in the opening of
VO3 with a subsequent decrease in the occlusion cuff pressure.
The return of the mode selector switch to the center position
returns the programmed valve assembly to the first position
which will vent the occlusion cuff.

At the time of initial design and construction of the
pneumatlic system, an investigation of commercially sasvailable
alr flow control valves falled to produce a satisfactory
valve. The design and construction of the variable orifice
valves was undertaken. A converted automotive valve assembly
was used as a nousing for the acdjustable valve. The valve is
held ageainst a rubber valve seat by a valve spring. A set
screw adjustment has been positioned against the piston to
facilitate changing the valve aperture. Clockwise rotation of
the set screw increases the valve orifice. 1In addition to a
varlable orifice, the rate of increase of occlusion pressure
during the systolic detection to interval is controlled by the
selection of one of three fixed orifice units. The fized ori-
| fice units are located on the top of the valve unit shown in

Figure 36, These fixed orifices utilize lengths of 0.58 mm
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nectors and then molded in the form of a c¢ylinder. The fixed
orifices facilitaie the rapid selection of a calibrated oc-
clusion pressure rate. The set screw assembly of the variable
valves was replaced by a knob and gear assembly in the con~
structlion of the pressure decay control, VC3. This variable
orifice is shown mounted on the rear of the front panel of the
decoder unit in Figure 23. Recently, a commercial valve has
been produced which has the same type of flow characteristics
as the locally produced orifice valves (19)., The commercially
available valves are recommended as replacement or substi-
tution components for the orifice valves of the pneumatic
system.

The location of the variable orifices VO and VO, and the
unit interconnecting hoses are shown in Figure 36. The rate
of pressure increase during the diastolic and systolic sensing
intervals is adjusted by varying V01 and V0o respectively
while observing the fecorded occlusion pressure waveform. A
uniform rate of increase in the occlusion pressure during the
jump, dlastolic sensing, and systolic sensing intervals of the
occlusion cycle is desirable. In general, a uniform rate of
increase in pressure represents the most satlisfactory compro-
mise between the overall system accuracy and the total cycle
time required. Instead of a uniform rate of increase in

pressure a non~llnear rate of Increase in pressure is attained
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pressure is a result of non-linear ailr flow. A uniform rate
of increase in tine occlusicn pressure may be produced by
varying the orifice diameter. The development of such an ori-

fice diameter change device was not pursued.
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The electronic blood pressure measuring instrument was
used to obtain measurements from subjects bsth at rest in the
laboratory and on the treadmill ergometer, A laboratory simu-
lator of the Sanborn "150" recorder was assembled at Iowa
State University in Ames, Iowa. A system operational evalu-
ation and calibraticn was performed using this simulator. The
variations in digital pressure measurements caused by changes
in the digital occlusion cuff size and location were demon-
strated. The blood pressure measuring lastrument was in-
stalled in the Sanborn "150" series recorder at the United
Heart Station of the Iowa Methodist Hospital in Des Moines,
Iowa. Blood pressure measurementis were made during the
standard treadmill test.

A simulator unit, which exhibited the electrical oper=
ating characteristics of the Sanborn "150" recorder was aé-
sembled, The decoder unit and supplemsentary chassis assembly
were attached to an equipment rack as shown in Figure 6. The
ar shown in the center of Figure € serves to simulate the
function of the treadmill handbar. The pulse sensor selector
unit was mounted to this handbar. The electrical power
normally supplied by the 2anborn power supply through the
driver-amplifier unit was supplied from two Hewlett~Packard
power units. A type 710A power supply was used to supply both

€.3 volt AC heater voltage and the regulated Bt voltage of 250
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regulated 4.2 volts DC for the pulse sensor lamp circuit. A
dummy load stage was constructed to simulate the loading ef=~
fect of the Sanborn driver-amplifier., The recorded cutputs
from the blood pressure measuring lnstrument were cbtained on
a Sanborn "Twin-Viso" recorder. One channel of thls rascorder
was connected in parallel to the dummy load and served to re=-
pord the blood pulse wavefocrm. The other channel of the re-
corder was used to record the occlusion cuff pressure waveform
from the DC air pressure output voltage jack. A Tektronix
Type 502 oscilloscope was used for calibration and’monitoring
of the decoder circuilts.

The laboratory simulator was used in performing a systen
operating evaluation of the blood pressure measuring instru-
ment. All units of the instrument were interconnected and
properly aligned and calibrated as outlined in Tables 8 and 10
respectively. Figure 43 is a recording of a typical blood
pressure measurement obtained in the manual mode of operation.,
The variable pulse sensor unit was placed on the middle finger
of the left hand of a 21 year old caucasian male. The pulse
vaveform was recorded on the top channel of the recorder. A
2.5 cm wide occlusion cuff was located centrally over the
proximal interphalangeal joint. The digital occlusion cuff
pressure was recorded on the lower channel. The marks along

the bottom of Figure 43 denote time intervals of one second
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When the mode selector switch was depressed the pressure
in the occlusion cuff increased rapidly to the preselected
maiimum manual pressure value of 150 mm Hg. The pressure ln
the digital cuff may be increased to 150 mm Hg in 0.8 seconds
from the time of depression of the mode selector. Once the
air pressure reaches the maximum pressure selectéd the |
pressure contrcl circuit halts the further increase of the
pressure. The air in the occlusion cuff iIs then permitted to
vent from the cuff at a rate determined by the manual pressure
decay control. The instrument will continue to permit the
flow of alr through the decay control until the mode selecter
is released and permitted to return to the center position.

The amplitude of the blood pulse exhlblits a rapid decrease
to zero as the occlusion cuff pressure 1s increased tc above
systolic pressure. The return of the blocd pulse signifies
that the occlusion pressure on the arterial wall has decreased
below the actual systolic pressure in the dlgital artery
during the preceding pulse interval. The index of the cc=-
currence of systolic pressure may be taken as a polnt located
half a pulse period prior to the first blood pulse following
occlusion. The occlusion pressure agpplied to the finger can
be determined from the value of the occlusion cuff pressure
recording at the time of the systolic index. Filgure 43 demon-

strates a systolic pressure of 90 mm Hg.
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The amplitude of the pulse waveform continues tc increase
until the occlusion cuff pressure becomes less than the dlas=-
tolic pressure of the digital artery. The index of the oc=
currence of dlastolic pressure may bé taken as the mid-point
between the first blocd pulse after occlusion which exhibits a
maxiaum amplitude and the pulse Immediately preceding. A
diastolic pressure of 64 mm Hg is displayed in Figure 43. The
changes in the shape of the blood pulse as the occlusion
pressure is decreased are typical and are exhibited on all
recordings.

The return of the mode selectcr switch to the center po-
sition causes the programmed pressure valve unit to rotate to
the pressure relief position. The increase in the occlusion

pressure waveform occurring as the occlusion cuff is vented,

(283

results from the rotation of the programmed valve unit through
the systolic and diastolic air flow positiéns.

The operation of the electronic blood pressure measuring
instrument in the automatic mode of operation is shown in
Figure Y44, This figure was recorded immediately following the
manual operation; but for clarity in presentation has been
reproduced below Filgure 43. Figure Wi demonstrates two auto-
matic measurement cycles. The first cycle demonstrates auto-
matlec operation utillizing only the systolic rate of pressure

increase., The second cycle demonstrates operation with both

the dlastolic and systolic rate c¢f increase in occlusion
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to the preselected minimum diastolic pressure when the mode
selector is placed in the automatic position. Once the ine-
itial jump pressure has been reached, the programmed valve
unit is switched to direct the alr flow through the systolic
orifice to obtain the systolic rate of pressure increase. A
pressure increase rate of approximately 10 mm Hg per second is
shown in Figure ul,

The amplitude of the pulse waveform diminishes as the oc-
clusion cuff pressure 1s increased above diastolic pressure.
The index of diastollc pressure may be taken as the mid-point
of the pulse Interval between the last blood pulse before the
pulse amplitude decreases and the first blood pulse with a de~
creased amplitude. The occlusilon cuff pressure corresponding
to this index can be determined from the value of the oc~-
clusion cuff pressure waveform occurring at the time of the
index. A diastollc pressure of 60 mm Hg is demonstrated in
the first cycle of Figure L4h. The systolic index may be taken
as the mid-point between the last blood pulse before occlusion
and the estimated location of the next pulse if occlusion had
not been attalned. A systolic pressure of 90 mm Hg is shown
in Figure Y+, The occlusion cuff pressure is permitted to in-
crease for a pericd of 1.5 seconds after the last blcod pulse,
then the pressure 1s vented to zero. The occlusion cuff

pressure will decrease from 150 mm Hg to O mm Hg in approxi-
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mwabely L.y SeCOUASe L0e pressure was appiled T0 The dcclusion
cuff for 9.5 secondé in the first cycle of Figure Lk,

The automatic recycle circult determines the rest inter-
val between cycles during the automatic mode cof operation.
‘The pneumatic system is vented to the atmosphere during the
rest period. A4 rest interval of 8.5 seconds is demcnstrated
in Figure W+. At the end of the rest interval the occlusion
pressure is increased to the preselected minimum dlastolic
pressure value. The diastolic rate of pressure increase shown
in Figure 44 is approximately 5 mm Hg per second.

A diastollic pressure of_62 mm Hg is demonstrated on the
second cycle of Figure W4, The switch from the diastolic to
systollc rate of pressure incfease should occur approximately
1.5 seconds after the diastoulic index has been reached. How-
ever, the change of pressure rate has been delayed until seven
seconds after the diastolic index in order to demonstrate the
changes in the pulse waveform following the occurrence of
diastclic pressure. The systolic rate of pressure increase is
10 mm Hg per second. A systolic pressure of 90 mm Hg 1is
demonstrated. The remainder of this cycle is identical to the
first cycle shown in Figure 44, The total time required for
the second cycle 1s 17 seconds., The use of the diastolic rate
of increase in the occlusion pressure has ihe effect of
lengthening the measuring period. Measurements of the blood

pressure may be made withoutl using the diastolic detector
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increase the accuracy with which the diastolic pressure may be
determined from the recorded data.

The values of systolic -and diastolic pressures measured
in the automatic mode as shown in Figure W% are in close é-
greement with the measurements of the manual mode of Figure
L3, However, measurement of the blood pressure by the aus-
cultatory method using a brachial cuff gives a systolic
pressure of 118 mm Hg and a diastolic pressure of 72 mm Kg for
this subject. The auscultatory measurement was taken immedi-
ately followlng the digital measurements.

The correlation between the occlusion cuff pressure and
the actual pressure in the digital artery was investigated.
The actual instantaneous blood pressure in the arterial system
can only be obtained by a catherization procedure., Facilities
were not avallable at Jowa State University to perform this
procedure on human subjects. Therefore the investigation was
made using extra-arterial techniques for blood pressure
measurement. A reference blood pressure measurement using the
left arm was made with the normal auscultatory method. The
digital pulse detector of the variable pulse sensor was po=-
sitioned over the distal phalanx of the middle finger of the
left hand. Both the pulse waveform and the brachial arm cuff
pressure variation used in the auscultatory measurements were

recorded. The occlusion cuffs shown in Figure 13 were used to
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obtain the digital blood pressure. The cuffs were applied to
three sites on the widdle finger; around the proximal phalanx;
around the proximal interphalangeal joint; and around the
middle phalanx. The 6 cm wide cuff was applied over the
middle and proximal phalanges. The pressures measured by the
pulse amplitude monitoring method were expressed as a per-
centage of the pressﬁre measurements obtained by the ausculta-
tory technique. The pressure measuremeat tests were performed
with six male subjects and one female subject. The median
subject age was 25 years.

The mean value of these measurements for eacn cuff size
and site of application is shown in Figure 45. Each measure-~
ment obtained from the recorded output of the blood pressure
measuring instrument has been expressed as a percentage of
auscultatory measurement. The measurement at tne brachial lo=-
cation was obtained sliaultaneously with the auscultatory

measurenent,

The most salient feature of Figure 45 is the consistently
low relative measurements obtained in the area of the proximal
interphalangeal joint. Measurements made with the digital ce-
clusion cuff around the middle phalanx produced characteristi-
cally higher readings than found at the joint. Both Burca (4)
and Mendlowitz (16) report blood pressure measurements compa-
rable to the values of systolic and diastolic pressure

measured around the interphalangeal joint. However, neither
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measurewment, The investigations of the correlation between
the ccclusion cuff size and location were made using other
fingers of the hand with the same type of results. There ap~-
peared to be little varlatlion in the value of blood pressure
determined at the proximal interphalangeal joint for all eight
medial digits of a subject; The consistency of measurement
between fingers zppears to eliminate the possibility that this
effect is the result of variations in either the vascular
system or the skeletal structure of the hand (12).

The higher relative pressufes measured at the proximal
and middle phalanges appear to result from the difference in
tissue type and structure present in these areas compared to
the interphalangeal joints (12). The investigation of the
relationship between the pressures measured at the interpha-~
langeal joint and the pressures measured by the auscultatory
method may be continued using the electronic blood pressure
measuring Instrument. An attempt to make & conclusive in-
terpretation of the results of Figure 495 is not justified at
this time due to the small number of subjects studiled.

The blood pulse waveforms shown in Figures 43 and W+ are
typlcal of the pulse recordings obtained when the pulse sensor
1ight intensity control has been properly adjusted. %The pulse
sensor light intensity should be adjusted to obtain a pulse

vaveform which exhibits a minimum of signal interference. &
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which normally contains considerable interference. However,
if the pulse sensor light intensity is increased to the maxi-
mum 1llumination, a pulse waveform signal which is essenﬁially
free of botk power llne and movement artifact interference is
obtained from the pulse detector. Operation of the pulse de-~
tector at the maximum light intensity produces a signal which
is greatly reduced in amplitude and‘the effects of local
tissue heating, particularly with vascular occlusion; become
pronounced and‘pain may result. The pulse sensor light'in-
tensity should be adjusted fcr an intermediate level which
will produce an acceptable pulse waveform without painful
tissue heating.

The pulse senscr tnits have been used to make measure-
ments on both light and dark pigmented subjects. A slightly
higher level of pulse sensor lamp intensity is required for
measurenents on dark pigmented subjects than on caucasians.
However, this level of lamp illumination 1s still below the
level regquired tc¢ introduce thermal pain sensations.

Figure 47 1s a recording obtained during a treadmill
exercise test performed at the Unlted Heart Station of the
Iowa Methodlist Hospital. The electrocardiograph of the
subject is recorded on the second channel of this recording.
The top channel of the recorder is not presently utilized.

The pulse waveform and the occlusion cuff pressure waveform
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are recordea on tne TN1rd and Iourin chanunels respectively.
The portable pulse sensor unit was applied to the index
Tinger of the subject®s left hand. The subject was connected
to a spirometer during the exercise test.

The recording shown in Figure 46 corresponds to the in-
l1tiation of treadmill exercise, The notations on the
recording were made during the test. The subject began to
walk on the treadmill at the exerclise notation. The ECG
recording reflects b»ody movement of the subject. The blood
pressure measuremeni cycle is not disturbed by the motion of
the subject. The recorder paper speed for this recording 1is
0.5 cm per second. The occlusion cycle is approximately 11
seconds and the rest cycle 1ls approximately five seconds. The
exercise evaluation was conducted using the standard test pro-
cedures for obtaining the electrocardiogram and the spirogram;
however, blood pressure was measured during the entire evalu-
atlon by the electronic blood pressure measuring instrument.
The measurement of blood pressure during periods of treadmill
exercise will aid in the investigation of the cardiovascular

system,
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An investigation of electronic methods of measuring the
biood pressure of a numan subject during periods of treadmill
exercise has been made. Classical extra-arterial methods of
sphygmomanometry were reviewed. Specifications for the auto-
matic measurement of blood pressure during treadmlll exercise
have been presented, and the causes and effecis of movement
artifact have been discussed. An instrument has been designed
and constructed which determines the blood pressure using =
pulse amplitude monitoring technique. The design and con-
struction of the measuring instrument have been presented in
terms of three major subsystems: The pulse sensor units, the
electronic decoding and control circuits, and the pneumatic
system.

Several pulse sensor uni s were discussed. Photoelectric
pulse sensor units containing miniature photoconductive cells
vwere developed and evaluated. The deslign and operation of the
decoder and control circuits have been presented, and the de-
velopment of a programmed occiusion cycle has been discussed.
The functioning of the pneumatic system during both the manual

—_—

and automatic modes of operation has been described.

g ] — - - A *
Blocd pressure measurements heve been conducted using the

UQ

electronic measuring instrument. Systolic and diastolic biood
pressures were obtalned during treadmiil exercise evaluations.

The instrument was employed to make a brief stundy of the re-
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cuff to the blood pressure measurement. The results of this
investigation were presented.

The elecironic blocd pressure measuring instrument con=
structed and evaluated in this investigation serves to demcn-

strate the engineering feasibility of measuring blood pressure

witn electronic techniques.



3

10-

89

- ——— —— —— -~ —

Yillle DL AL ANATDLAE L L

Amerlcan Thread Company., Velcro fasteners, leaflet V.
New York, N. Y., Authcr. ga. 1960,

Bolie, Victor W. Amplitude change detector. Unpublished
report. (Typewritten) Armes, Iowa, Iowa State
University of Scilence and Technology, De=-
partment of Electrical Engineering. c¢a. 1961,

Bordley, James, Connor, Charles A., Hamilton, W. F.,
Kerr, william J., and Wiggers, Carl J. Hecom~
mendations for human blood pressure determis
nations by sphygmcmanometers. Circulation.

)“"‘: 503"509. 195]-. ‘

Burch, George E. Digital plethysmecgraphy. New York, N.
Y., Greene and Stratton. 195k,

Burton, Alan C. Hemodynamics and the physics of the
circulation. In Ruch, Theodore C. and Fulton,
John F., eds., Medical physiology and bio=-
physies. pp. é43-666., Philadelphia, Pa., W.
B. Saunders Company. 12¢0.

Chicago Miniature Lamp Company. Ultra minlature lamps.
Chicago, I1l., Author. 1961.

Clairex Corporation. Clairex photoconductive cells. New
York, N. Y., Author. ga. 1961,

Cope, Freeman W. An elastic reservoir theory of the
human systemlc arterial system using current
data on acrtic elasticlty. Bull. Math. Bio=
physics. 22: 19-40. 1960,

/the, Wo E. and Adams, E., . Radiation: sources of
ultraviolet and infra-red. In Glasser, Otto,
ed, DNMedical physies. pp. 1157=1163. Chicago,
I11., The Yearbook Publishers, Inc. 194k,

Gowen, Richard J. Blood pressure waveforms., Unpublished
M. Se Thesls. Ames, Iowz, Library, Iowz State
niversity of Science and Technology. 1961,

Hertzman, A. Be. and Spielman, C, R. Observations on the
flnger volume pulse recorded photcelectrically,
Am, J. Physiol. 119: 334, 1937,



14,

15.

1é6.

17.

18.

21le

225

90

nuiiinsneaq, HENry wW. Anatomy tor surgeons. Vclume 3.
New York, N. Y., Paul B. Hoeber, Inc. 1958.

Liamer, Kurt, Elam, James 0., Saxton, George A., and
Elam, Wiiliam Ne Infiuence of oxygen satu-
ration, erythrocyte concentration and optical
depth upon the red and near=infrared light
transmittance of whole blood. Am. J. Physiol.
165: 229-246, 1951.

Margulies, Harold and Bolie, Victor W. UTDigest of cardi-
ovascular data on 494 patients. Unpublished
report. (Dittoed) Ames, Iowa, Iowa 3tate Uni-
versity of Science and Technolcgy, Department
of Electrical Engineering. cg¢a. 1961.

Master, Arthur M,, Garfield, Charles I., and Walters, lax
' Be Normal blocd pressure and hypertension.
Philadelphia, Pa., Lea and Febiger. 1952,

Mendlowitz, Milten. Tho digital circulation. New York,
N. Y., Greene and Stratton. 1954,

Millikan, G. A. Oximetry: continuous measurement of
blood oxygen. In Glasser, Otto, ed. Medical
physiecs. pp. 200=901. Chicago, Ill., The Year
Book Publichers, Inc. 194k,

Millman, Jacob and Taub, Herbert., Pulse and digital
circuits. New York, N. Y. McGraw~Hill Book
Company, Inc. 1956,

Nuclear Products Company. Nuprc Catalog N=6€0, Cleve-
land, Ohio, Author. ga. 1961.

Nyboer, Jan, =xlectronlic plethysmography. Trans. Inst.
Radic Engrs, Prof. Group Med. Elect, ME-3:
5"‘2}-0 19559

Radlo Corporation of America., Xadio Corporation of

America tube handbook. Camden, X. J., Author.

19"{'7 ®

Remington, J. W., Noback, Co f., Hamiiton, W. F., and
Gold, Je. J. Volume elasticity characteristics
of the human aorta and the prediction of the
stroke volume from the pressure pulse. Am. Js
Physiol. 153: 298-308, 1548,



22

——r >

28,

29.

91

D e et - T T [~ E B B T b o) A M e
. - vy —w Ay ey weeadmw.y U v e areQ WREANA BAASLLL SrBAE, O vo "o .ra. \IULLI"“

parison of direct and indirect blood-pressure
de;erminatlonse Circulation 8: 232-242.
1953.

Rouse, Hunter and Howe, J. W DBasic mechanics of fluids.
New York, N. Y., John Wiley and Sons, Inc.

1953,

n Company. Driver-amplifier and power supply
instruction manual, Model 150-200B/400,
Waltham, Mass., Author., ca. 1956,

wn
B
C"
*'.5

Seely, Samuel. Blectronic engineering. New York, Ne Yo,
McGraw-Hill Book Company, Inc. 1956.

Welnman, J, and Manoach, M. A photoelectric approach to
the study of peripheral circulation. Am. Heart
Je 63: 219-231. 1962,

Weltman, Gershan. Continuous measurement of pulse wave
velocity. Unpublished M. S. Thesis. Los
Angeles, California, Library, University of
California. 1959,

Wiggers, Carl J. Circulatory dynamics. New York, N. Y.,
Greene and Stratton. 1952.



O AT AT AT T T TRAA TYTM O

—— ———— A O Akt g A hed b MBS A S e

The author ls deeply indebted -to Professor Victer .
Bolie for his guidance, patience, and encouragement during the
course oif this thesis investigation. The assistance of Dr.
Jehn Gustafson, M. U. and Dr. Hérold Margulies, M. D. of the
United Heart Station of the Iowa Methodist Hospital in es-
tablishing the specifications, in obfaining the required fi=-
nancial support, and in conducting the treadmill evaluation
tests required, is greatly appreciated. The author wishes to
express hls sincere appreciation to Professor Melvin J.
Swenson for assistance in obtaining the nécessary laboratory
equipment; to Professor Robert Getty for his guidance and
counsel concerning the anatomical structure of the digital
clreulation; to Mr. Curran S. Swift for his asslstance in the
construction and evaluation of the instrument; to the members
of the Blomedical Electrcalcs Group who assisted in thne ex~
perimental evaluation of the measuring instrument.

The author is indebted to the United States Ailr Force for
rting the graduate program leading through this thesis.
The autnhor wishes to express nis gratitude to his wife, Nancy,

for her unfailing encouragement and for her assistance in



93

As D LOULOLD



_25¢0
—
u R00 Systocric -l
14 PRESSURE T~
b - - T - - - - T
9 - T T~
5] = - ~
. /150 e
¢ X - — - -
o - - .
B T = - — - =
e — e — - . DiastotiIc — - ——‘—-~—-i
g X s00 PaEesSURE T
o 2 - - - - - - e
1 — — = - = - - -
fay]
50
[ TREADMILL OPERAT{DN]
0 T T 1 T 1 1
0 l 2 3 < 5 6 7

Time 8 MiINUTES

Figure 1. Variation in systolic and diastolic pressure
with treadmill exercise

200
L)
[
)
z /50 —
w - - =~
- - — e
Q - / — e
IENZZE ni g R ——— ]
- - // -~ >
x < T e PR T e L o
< 4 L— -~ L e -
. _
X 2 507
| S = ]
{ TREADMILL uP:‘RATlON]
© T 1 T T T T
o] [ =3 3 4+ 5 6 7

Time N MinuTES

Figure 2. Varilation in heart rate with treadmill exercise



95

PULSE OENSOR

- - == - - == - - == - -1
| 5 5 |
|
. CCLUSION ULSE |
SusuecT B Cone —— 0 ,
| ETECTOR |
L_.__g _____ _____%____J
i i
PNEUMATIC Decoper anp
+
SYSTEM . ConTROL

Figure 3, System bloeck dlagram for the electronie
blood pressure measuring instrument

Broop PuLse M
WAVEFORM j\h}\j\/\\ MW}LM

'
!
'

|
i
|
|
[
!

i
|
Cecrusion CuUrr 'S R y\
Parssure A Lo
_J S X v\
AB £

C F
TIME TIME
A. MANUAL MODE B. AUTOMATIC W™MODE

Figure 4. Blood pulse waveform



o

PuLse
DeTecror
PuLse Sensor|™
SerecTon
SwiTcH -
i
Decooer DiFFerenTIAL
OPERATING
ConTROLS PreamerLirier
SysTtoric Diasrocie
Decober Decooer
CircuiT CircuiT
00R
Pow R PaocramMmed
ConTROL
Retavs RELAYS
NecaTive ProcRAMMED
Power Pressure Vawve
SueppLy UNIT
Figure 5.

PuLse
OccrLusion
ceLy SENSOR
Cursr UniT
- ="
: OTHER :
{ PuLse Sensow
v UniTs !
- - - -
Decoopsen
UNIT
PR!SSURE
1 TRaNsDUCER
CireusT
ConTRrOL
AutomaTic
TimeR Recay
Ciacuit UniT
AR
Pume

Block diagram of the major units of the
electronic blood pressure measuring instrument



Figure

Figure

Figure
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Front view of decoder, pulse sensor, and
supplementary chassis units

Rear view of decoder, pulse sensor, and
supplementary chassis units

Front view of blood pressure measuring
instrument 1nstalled in the Sanborn recorder

Rear view of blood pressure measuring
instrument installed 1n the Sanborn recorder
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Figure 11l. Varlable pulse sensor unit

Figure 12. Photoconductive pulse detector unit of
' the cylindrical filxed pulse sensor

Figure 13. Digltal occlusion cuffs for use with
the variable pulse sensor
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Figure 15,

Portable pulse sensor unit
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Figure 18, Cylindrical pulse sensor with the center
section of the cover removed

Figure 19. Cylindrical pulse sensor with the pressure
container removed
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Figure 21. Schematlc dliagram of pulse sensor
selector unit and associated clrcuitry
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Figure 2z. Block diagram of the decoder unit
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Figure 23. Top view of decoder unit

Figure 24%. Bettcem view of decoder unit (with bottem
siiield removed)

Figure 2%. Operating ccntrols of the blood pressure
measuring instrument
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Figure 26. Schematic diagrar of the differential
preamplifier



IICi
|
G
o ;RS
o Pin
OFJZ ::Cs
NPUT
To PIN - -:J:(:
F’J o
e ;as S

11k

- g




A
wmm wO
82| T
| (G
,w mwmw
amM@mM
mmmw 8o -8 mmmmmmm L
02y, m.mw
w ¢wa vz,
, D
__
L2y "o

m_m
Nwmm IN
m_m
do— >> ,Ho-
mmmm O_N
.w.im |
ANA———




—/\\/
Py
Ny
O
| |
K
T
— AN
U
M
(5>

le)
To Pin 13 S
J3 Quteur

TO C” - SVSToLlC

OuTpPuUT TO &FB\% - + DecobER
SANBORN DRIVER- CB “‘“"OB

AMPLIFIER — QuteuT
To PiN |4 70 C,; " DiastoLic DecooER
J3 ?

? .
%T“’\sz R34

§R30 %Rw




Filgure 27a. Blood pulse waveform input to the preamplifier
as obtained Ifrow the variable pulse detector

Figure 27b. Preesmplifier pulse wavelform output to the
Sarnborn driver-amplifier

Figure 27c. Preamplifier pulse waveform output to the
systolic decoder circuit

flgure Z7d. Preampliiler pulse wavciorm output Lo the
diastolic decoder circuit
Figure 27. Preamplifier pulse waveforus






Figure 28. Schematic diagram of the systolic decoder
circuit
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figure 29. Schematic diagram of the diastolic deccder
circuit
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Figure 30a. Input waveforn to the diastolic detector
circuit

Figure 30b., Storzge waveform of the diastclic detector
circuit

Figure 30. FPulse waveforums of the dilastolic detector
circuit

Flgure 31, Maintenance connecting cable
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Figure 3¢. 3upplementary chassis assembly

Figure 37. Control razlay urnit (with side cover removed)
¥ )






Figure 28. Schematic diagram of control relay unit
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Figure 41. Schematic diagram of the pneumatic syster
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Figure 42. Programmed relay valve unit
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Figure 43, Pulse and occlusion pressure waveforms obtained during
the manual mode of operation

Figure 44, Pulse and occlusion pressure waveforms obtained during
the automatic mode of operatlion
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Figure 46. Rlectrocardiogram and blood pressure recording
ottained during a treadmill exercise evaluation



oo
(48]
st

e eARaeng g e g MAOHNYS

0% 3

~ Q0!

- 0§!



o~
(ag]

Lo



Table 1. General specifications for an electronlc blood pressure messuring system

Ttem

Specification

Operating modes

Autonatic

Manual
Measurement conditions

Occluslion systiem

Pressure range
Occlusion cuff

Occlusion cycle

Preseutatlion of messurerents

Blood pressure determined by sultable electronic
clrcuitry on a cycllic basls. Operator adjustments
should be kept to a mlnimum during mecsurement
procedures '

Pressure operation should be similar to technique
used with auscultatory method

Both modes of operation shculd functicn during
a standzrd treadmlll ergowmeter test

OHT

An eir pressure system with & prassure range of
C=300 iwa Iig

Tizee system should be capable of operatiosn with
either bLracnial cr digital cuff

The occlusiloir systerm snculd have o miaimun
repetition rated cne gressure deizrminaticon per
minute

clood pulsc emplitude variations should be ra-
corded oin ovne cnanncl with the ccrresponding
occlusion pressare vearlatlons recorded on an
ad Jacent chanuel



Table 1 (Couatinued).

Item Specification

Blcod pulse wuaveform

waveform characteristics Pulse amplllude changes should be retuined as
detected by the pulse szenscr. The frejguency
content of the waveshape dces not have to be
retained

Fulse rate ghe system should operate for pulse rates of {ronx

"0 to 210 heart beats pai minute

Th



Table 2. Occluslon cuff color code for cuff width ldentifi-

cation
cuff coloer Cuff widir
chnl
B8lus 1.°
ded e
Pll "'a— 2.5
white 2,0
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Table 3. Components for the pulse sensor selector switch

Cdmponent symbol Component identification

PCy Photoconductive cell, Clavix Type,
CL504-SL _

ing) Subminiature lamp, Chicago Miniature
Lamp, CM-666

LP» 1 1/2 volt pilot lamp

IH Lamp holder, 1 bracket type

DB 1 1/2 4ry cell battery

S-1 3 loafer, 3 position switch adapted
with 2 way air valve

J-1 9 pin subminiature female connector

J=2 4 pin female Amphenol connector

J=3 2% pin male Amphenol connector

P=-2 4 pin recessed male Amphenol
connector

Ry 1 kilohm resistor

R2 1 kilohm potentiometer

R3 : 470 kilohm resistor

Ry 190 kilohm resistor




Table 4. Operating contrcls

Cperating
conuvrol

Manction

Pump on-off
switch

Pump pilot
lamp

Mode
selec*tor

futomatic

Minimum
diastolic
piessure

v—— - —_——

Provides 115 volis AC power to control relays ani progran
pressure valve; provides air pressurc

liotes ifust be on to effect occlusion., Turn on only
vhen pulse sensor uvnit is oo subject

Indicates pump on

Provides plate vecltage tc control relays. Selects proper
circuill for pressure control system. All control s,stens
returned to stand-by and pressure vented in center pozition

Provldes plate voltage bto, pulsc, systolic, diastollic, and
Junp control c¢lircuits. Permlits auvtowctic measuremcent on
programmaG cycle

Provides plate vcltage tc jurp coutrol circuit. Frovides
‘apid r*se of pressure to presclected maximum pressurec,
Fregsure is permlitted to decrease at rate uepeudent 11pOon
ranual pressure decay contrel setting

Note: Spring return to center poziticn

Selects Jurp pressure at starl of automalic mcde. functicns
caly with mode selector in automatic. Prescure jumps Lo
either 50 or 30 mm Hg befonre beginning the diastolilc rate or
pressure lncrease



Table 4 (Contirued).

Operating

sunction
control
Maximum Selects Jump pressure at start of manusl mode., Functions
manual only with mode selecio:r In manual, Pressure jumps to cne
pressure of four values. 150, 200, 250, 300 mm Hyg
Maraal Selacts pressure decay rate in manual mode, Functicns only
pressure in manusl mode. Clcckwise rctation decreases the rate of

decay control

Pulse sensor
cable

Pulse sensor
light
intenslty

Sensitivity

pressurc decay
Note: Multi~turn pressure needle~velve

Input from pulse sensor. Provides power to photoconductive
cell and light source. Receives input pulse signal. Ailr
connection provides pressure {2 pulse senscr occlusion cuff

Controls intensity of digital light source. Varies photoc-
conductive cell input pulse amplitude

Notes Use in conjunction vith sensitivity to establish
decoder callbraticn

Centrols sensitlvily of first stage amplifier and input to
the recorder driver~-amplifier for the pulse waveform
recording channel

Note: Use in conjunction with light intensity to «c-
tablish amplifier calibration



Table ¥ (Continued).

Operating
control

Function

Centering

Alr pressure
DC output
voltage

Pulse sensor
selector

Controls centering of pulse waveform recording channel
Frovides output to DC input of a Sanborn ECG preamplifier to
record the occlusion pressure vaveflorn

connects pulse sensor in use to pulse senssr cable., In the
off pcsition, provides for input terminatlon to amplifiler

Rl



Table 5.

List of ccmponents for the differential preamplifier of the deccder unit

e s < v

Component Coﬁbéﬂemt Componeﬁt Component

symbol identiflcation symbol ldentiflcation

R5,ké 5 megohm resistor, Ro74R28 470 kilcim resistgrf
R7,R3 1 kilohm resistor Rz5,039 2.7 kilohm resistoc*
Rg 1.2 megohm resistor R314K32 1 megohii resistor
Rio,sh11 1.5 megoam resistor* R33,R34' 1 kilohm résistor
R1o 2.5 megohm resistor k35 " 100 kilchm reslstor
R13 150 kiloha potentiometer R36,337 150 kilchm resistor
A14,R15 470 kilohm resistor* C1,C2 0.05 »f disk capacitor
R16,R17 2.7 megchm resistor* C3,CL 100 puf M "
R18,R19 1 megohm resistor C5,Cé6 0.00L pf ™ "
Roo,sRo1 1 kilokln resistor C7,C8,C9,C10 0.05 uf ¢ "
Rp2 2.5 kilohm potentiomcter Vi 5751 electron tube
Fo3 1.2 megchm resistor Vo 581k t 1
A2, ho5 1.5 megohn resistes* V3 5751 " g

R26 33 kilohm resistcor

All resisturs ave 1/<¢ watt, 1C% iolerance
3

% Ces
Matched tc¢ within Zp

LRI



Table 6. List of componenis for the systolic decoder circuit

Component Ccomponent ildentificeation Conponent Component identification
symbol symbcl '
438 500 kilohm potenticucter R50 22 kilohr resistor, 1 watt
39 100 kllohm resistor, 1 watt (5] “o7 kilcim resistor, 1 watt
Ruyo 1 xilohia resistor, 1 watt C11sv125C13 C.l f wolded paper
capacitor
nhy 120 kilokm poteuticacter
Cil. 12 upi disk capacitor
) L720 k*loht resistor
C1r 67 ui electrolyiic capacitor
w3 47 kilohm resistor, 1 watt
C1¢ I pf electrolytic capacltor =
RiRN 470 kilohz resistor o
Cn1,CR2 INL61 diode
A5 2.2 megonn 1esistor
' Clhy,Clu; 191 diode
RY4 °o kilchm resistior, 1 watt
Vi 1/2 (5751) electron tube
AR/ 1 silolm resistcr, 1 watt .
‘ A Vg (5814) electron tute
ko 00 kilohm potenticicter
VL 1/2 (501k%) electron tube
B4g 700 kilohm resistor

——— - ——— ~ — —— e ——— - . e e e ———— e - e . ————

All resictors are 1/2 watt, 10% tolerance, unless obtherwise noted



Table 7

Component Compcnent component Component

symbol ldentification symbol identificaticn

R52 1 megolim resistor ) 900 kilohm pctenticmeter

Rg3 22 kilclin resistor, 1 watt 70 500 kilohm resistor

hEY 1 kllohm resistor, 1 watt A71 ce kilohm resistcr, 1 watt

it5g 1 megonam potenticneter RYD L,7 ¥1loh. resistor, 1 watt

Ry¢ 10 xilora reslsior, 1 watt C17,C18 O.1 «f paper capacitor

Sg7 1 megchm resistor €19,Cz0 (O uf electrolybic capacitor

R58 10 kilohm resistcr C21,C22,C23 Q.1 « [ paper capeacitcy =
Rpo 1 megohm reslstor C.l 12 oo uf disk capaciicr -
o 100 xi1zlim resistor Coo (0 ui electrolytic ceapacitor

hgy 1l Ikllohm resistor, 1 walt Co¢. 1 «f elecitrolytic capacitor

R 100 kiloshm potentiovmeter Ciig,CRE, 161 Giode

Rg3 470 kilchn resistor Ch7,CR3 11821 diode

jSyan 47 kilohm resistor, 1 watt AN 1/2 (5751) electron tube

R65 470 kilohm resistor Ve 172 (521k) clectron tube

Hgé Z.2 megochm resistor Vo (5814%) electrocn tube

Rg7 5 kilohm resistor, 1 watt Vg (5814) electron tube

Llsy of componeics for the diastollce decoas: cilreuilt

1 kilohm resistor, 1 watt




Table 8,

Maintenancce alignreal procedure

Part

I

temn

Frocedure

Generel systeuw inspecilon

Remove Lh.2 decoder unlt Irom the 3anborn reccrder. Connect the
malntenunce patelh cable betlween the decoder uvnit and the driver-
amplifier, Nemove the patch cahle betwsen the air pressure DC
output voltage Jack and the ECG DC Ilnput jack. Check for the
proper interconnectlon of all other unilts ‘
Place the mode selecior swltch in the center positiorn und the pulse
selector swltch Ir ithe off pcsition. 1Ihe punp switch shcuald be in
the oif posicion

Turn the master power swiltch for the Sanborn reccrder tc the on
position. Turn on the power supply uniis for the deccder chassis
and the ECG preamplifier chassis Lo bte us<d with the pressu.e
recording channel. 4allos Tlve minutes for equipment stabliizstilion
befc.e proceeding with the allgrment

t all i=st polnts .nd compare the measurements

iMeasure the voltags a
readlngs of Table .0

wlth tic voltage

Note: If the voltage a: the red test jack Is not 47 1 volt,
adJust the B+ vcliage on the driver-amplifier ftc
obtaln tiids desired voltage

ressure btransducepr circuit alignment
Connect a 2-300 mm Hz bellows type gauge to the varlable pulse

sensor alr conaectlon on cune pialse senscr gselector unit. Turn tue
pulse scns.. selzcto.r to the vairlable posltion



Table 8 (Continued).

Part

Item

Procedurs

2e

Note: The use of a gauge 1is recommended in consideration of
the small volume of alr required in the digital oc-
clusion cuff, However, a mercury manometer may be usel
if compensation is made for the additional air volume
involved

Rotate the sensitivity control of the ECG preamplifier for the oc-
clusion pressure channel fully counter-clockwise. Place the at-
tenuator on the 10 position. Disconnect the ECG patch cord from
rear of the driver-amplifier for this channel. Connect a patch
cord from the air pressure DC output voltage jack to the DC input
jack of the ECG preamplifier

Set the maximum manual pressure control to 150. Turn the pump on

Depress and hold the mode selector switch in the manual position,
Observe the incrsase in pressure on the gauge. Adjust qu 8o that
the pressure in the system rapldly increases to a maximum value of
150 mm Hg and then slowly decreases., If the rate of pressure
decay may be controlled with adjustment of the manual pressure
decay control

Note: If the pressure continues to increase without reaching
a maximum pregssure below 300 mm Hg, Rgo located in the
control relay unit should be adjusted.’ To adjust the
tonyratron current, rotate Rgy fully clockwise. Then
slowly rotate Rgg counter~clockwise whlle testing the
performance of the pressure circuit, This item should
be performed each time the thyratron, Vg, 1s replaced

T6T



Table 8 (Continued).

Part

Item

Procedure

ITI

5e

Ad just the sensitivity and centering controls on the ECG preampll-
fier to produce a full scale displacement from a base line located
5 mm from the right margin of the recording channel each time the
manual mode is activated

Decoder unit alignment

The mode of operation switch should be in the center position. The
pump switch and the pulse sensor selector switch should be in the
off position. Rotate the sensitivity and pulse sensor light
intensity controls fully counter-clockwise

Adjust the centering control for a base line located approximately
15 mm from the right margin. Turn the sensitivity control over the
full range and watch the recorder stylus. If there is any stylus
motion, adjust the balance control, Rpp, until the motion
disappears

Rotate R38 fully clockwise. Rotate R4] and RE&2 fully clockwise,
Check to insure the pump 1s off. Place an oscilloscope high
impedance test probe in pin 4 of the chassis test socket

Note: Fully clockwise 1s the normal position of Ry for the
pulse sensors provided. The oscilloscope will be used
to monitor DC waveforms with a peak amplitude of 50
volts

Place a finger of a subject into the variable pulse sensor without
using the occlusion cuff. Turn the pulse sensor selector to the
variable posltion and the mode switch to automatic

Perform item 8 of the operating alignment of Table 10

eat



Table 8 (Continued).

Part

Item

Procedure

6.

Adjust R4l until the waveform observed on pin Y% with the oscillo~
gcope returns to the zero base line when all dlgital pulses have
been removed from the pulse recording. The digital pulses may be
renoved by occluding the finger of the subject proximal to the
pickup sensor or by lncreasing the light intensity and decreasing
the sensitivity until the pulse wavefornm diminishes. Return the
mode switch to the center position

Note: The purpose of adjusting B4] is to establish the
minimum pulse which will effect the proper triggering
of the multivibrator

Place an occlusion cuff around the finger of the tesi subject and

connect the cuff tc the variable air connector of thie pulse sensor
gelector. Perform item 8 of the operating alignment if necessary

and turn the recorder on at a speed of 1 cm per second

Rotate Rg5 fully counter-clockwise. Turn the pump switch on and
place the mode selector in the automatic position. Adjust the
gystolic air orifice located on the top of the programmed relay
valve unit to give a smooth rate increase of the systolic oc~-
clusion pressure. The suggested rate of systolic occlusion
pressure is 10 mm Hg per second over the pressure range from 80 to
120 mm Hg., LKotate the recycle delay adjust fully counter-clockwiso

Rotate Ré2 and Rég fully clockwise., Slowly rotate Rgg clockwlise
vhile observing the recordin gs. The pressure shoulé increase at.
the dlastolic rate following the initial pressure jump and until
1.5 seconds after the start of the decrense in the amplitude of the
pulse waveform, Adjust Ré2 and R69 to obtain the proper reiease o
the diastolic circuit

€ST



Table 8 (Continued).

Part

Item

Procedurs

Iv

10,

2

3o

Note: The diastolic decoder contains circuits with charging
‘ time constants in excess of 1 minute and provision
should be made fcr adequate charging of these circuits

Adjust the dlastolic air orifice located on the tcp of the
programmed relay unit to produce a rate of pressure increase of

5 mm Hg per second. Check the systolic rate of pressure increase
and perform item I[I - 8 if necessery

Antonatlc recycle allgnment

Complete the operating alignment of Table 10. Leave the instrument
operating in the automatic mode with a test subject

Rotate the recycle time adjustment, RRo, located cn the top of the
control relay unit until the desired rest interval between oc-
clusion pressure cycles has been obtained

Return the pulse sensor selector switch to the off position and the
mode selector tc the center position. Turn the pump off and remove

the test subject from the pulse sensor. The unit should now be
ready for use in blood pressure measurement

HST
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Table 9. Test socket voltage readings

Test point Type of Meter* Remarks
reading reading
voits volts

liine pin socket on decoder chassis

Pin 1 DC -5l Negative bias voltage

Pin 2 DC ~-100 Negatlve power supply

' voltage :

Pin 3 DC 0 -90 vhen Vg8 energized

Pin 4 DC 0 Veg, pin 7

Pig ¢ oC 0 v pin 2

Pin £ AC L 5B

Pin 7 AC L

Pin 8 DC 0 250 mode switeh in
automatic

Pin 9 DC ~-23

Decoder connector octal scckets of maintenance cable

Pin 1 DC 250 Chaszsis and system ground

Pin 2 oC 0

Pin 3 TC 0 Measure 4.2 volts between
pins 2 and 4

Pin bk DC 0

Pin 5 AC 3.1 Measure 6.3 volts between
pins 5 and ¢

Pin ¢ AC 3.1

Pin 7 LC 13

Pin & DC 13

Red test

points ool Ly ¥ Bias voltage tc driver-

amplifier

fﬁeadings wer2 taken with a VIVM with the cormmon lead
attached to the chassis



Table 10,

Operating alignment procedure

Item

Procedure \

1

Connect the pulse sensor cable to the pulse sensor cable input jack.

Insure the air fitting 1s properly connected. Place the mode selector
switch in the center position and the pump switch off. 8Set the pulse
sensor selectur switch to the off position. Connect the patch cable be=-
tween the alr pressure output voltage to the DC input of a ECG preamplifier

- Turn on the Sanborn recorder master power switch and the power supply

swltches for all channels to be used

. Adjust the centering control of the decoder unit so that the base line is

approxinately 15 mm from the right margin of the recording channel

Place the attenuatcr switch >f the ECG preamplifier to the 10 position.

Ad just the centering contrcl of the ECG preamplifier tnit to be used for
the occlusion pressure recording channel for & base line located 9§ mm from
the right mergin

Notas Attenuator switeh Corresponding full scale
setting pressure reading

10 150 mm Hg
20 300 mr Hg

Place a finger of the test subject in a pulse sensor unit and turn the
pulse sensor selector switch tc the positiion corresponding to the pulse
sensor 1in use

Turn the pump switch on, select a recording speed and start the recorder
in motion

95T



Table 10 (Continued).,

Ttem Procedure

-———

7 Set the maximum manual pressure control to 150 and depress and hold the
mode selector switch tc the manual position. Observe the pressure
recording and release the mode selector switch once the pressure has ceased
to increase

Notes: If the recording tracing does not mcve over the full recording
charnel the maintenance alignment procedure for the pressure
transducer circuit in Table 8 should be performed. The blood
pressure reasurement run may be completed and a pressure
calibration performed at the completion of the test

8 Turn the decoder sensitivity control fully counter-clockwise and vary the
pulse sensor light Intensity control to obtain a maxlmum amplitude of the
recorded pulse vaveform. If the recorded pulse waveform exnibits power
line (60 cycle) interference the subject ground should be checked. If the
interference remains, the pulse sensor lignt intensity should be turned
clockwlse until the interference decreases. AdJust the sensitivity
control to obtain a pulse recording amplitude of approximately 2 cm peak
to peak amplitude

~Note: The maximum clockwlse position of the pulse sensor light in-
tensity contrcl may cause scme subject discomfort due to local
thermal effects. fTherefore, continued use of the maximum
light intensity setting should be avolded

9 Select the desired setting of the minimur dlastolic pressure control if
the automatlic mode of operation 1s to be used. If the manual mode of
operation is to be used both the desired value of the maximum manuel
pressure selected and the manual pressurc decay control should be turned
clockwilse. 7The pressure decay control should be varled to cttain the
desired decay rete during the porticnn of the manual mode fcllowing the
initial pressure jump

LST



Table 10 (Continued).

Item

Procedure

10

11

Note: Adjustment of the maximum manual pressure control or the manual

pressure decay control 1is not required in the automatic mode cf

operation

Move the mode selector to the desired mode of operatlion. The selector must
be held ia the manual mode position and is spring loaded to return to the
center position when released from manual, Return of the mode selector
switch to the center posltion interrupts all measurements, and vents the
occlusion cuff

At the completion of the measurement, the mode of operation switch should
be returned to the center position and the pulse selector switch should be
placed 1in the off position. Then the pump switch m2y be turned off and the
subject removed from the pulse sensor

|
Il



- Table 11.

Component list for the pressure transducer circuit

Component Component identification Component Component identification
symbol symbol
R73 5000 ohm resistor R8¢ 22 kilonhm resistor
Ryl 5000 ohm potentiometer R87 5000 ohm potentiometer
R75 1.2 megohm resistor R88 47 kilokm resistor
R76 470 kilohm resistor Coy 0.3 % f disk capacitor
Roo 1.5 megohm resistor Pressure Bourns Model 504 transducer
transducer
R78 1 megohm resistor
Vo 2bcl thyratron tube
R7g 39 kilohm resisior
Ju balanced phcno Jack
R80 470 ohm resistor
, _ So SPDT rotary switch
Rgy 270 ohm resistor .
S SPYT rot switch
R8 1000 ohm resistor 3 vorotary s ©
o ot e Sy 6 pole, 3 position mode
183 ¢80 ohm resistor switch, 1 positlion spring
RAY 470 ohm resistor return to center position
410 ohm resister 71 TI652 Zener diode

R85’

65T



Table 12, Component list for the control relay unit, the supplementary negative
power supply, and the programmed pressure valve unit

Component identification Component Compcnient identification

symhol

Component
symbol

R e gy e i o o e . e —

Control relay unit Negative power supply

Ky SPDT 5000 obm plate relay T Stancor PMB419 transformer

Ko 4PDT 5000 chm plate relay F1 fuse, 3 amp 110 volt

X3 SPDT 5000 ohm plate relay Ry, 2.5 kilohms, 10 watt resistor

Ky 3PDT relay; 110 vac coil R92 2.5 kilohms, 10 watt resistor

K5 4PDT relay; 110 vac coil C30 10 ¢« f 450 volts electrolytic

Ké SPDT relay; 6.3 vac coll C31 5833%15%6 volts electrolytic

K SPDT relay; 6.3 vac coil capacitor

K8 SPDT time delay relay, C32 0,054 f disk capacitor on
Amperite 6C16T V10 € x 4% rectifier tube ©

k87 5000 ohm potentiometer V11 0OB2 voltage regulator tube

fB9 10 ohm potentiometer Jg 7 pin minlature test socket

Rgo 0.1 megohm resistor Jg " 7 pin large socket

s Egiﬂégi%oigrip - 20 P10 110 vac pewer cord

J557¢ 11 pin socket Programmed relay pressure valve

J7 2 pin female receptacle

P8 7 prong plug K9,K10 Modified 24~pos. stepping relay

C28,C29 8uf, 60C volt capacitor F6 11 pin plug

AP IN757 Zener diodz Punp Dyna p%mp, American Scientific

EYWAR 1N1823 Zener diode Apparatus, Company

c%_;,,)ég,u. 0.5 400 volt capacitor ~ PIgssure  Nupre 20-4C check valve
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Table 13. Output voltage characteristics of the supplementary
power supply

Fin location Outiput Qutput Remarks
on chassis voltage current
output terminal volts

1 ~100 DC 40 ma  Less thar 2% ripple
voltage
2 System
electrical
ground '
3 5.3 AC 3 emp
L 6.3 AC 3 amp
5 115 AC Z amp tused circuit
6 115 AC 2 amp
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