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PREFACE

The research reported 1n this monograph was imtiated mn 1930 when the
author was on the faculty of the Phystology Department of the University
of Chicago as well as on the faculty of the Departments of Physiology and
Medicine of Northwestern University  The work was continued 1n private
practice and while the author was 1 the United States Arr Force 1n World
War II It was later carrted on at the Untversity of Illinois College of
Medicine where the author 1s now a member of the faculty Almost all
of the climical studies were made 1n the Circulation Laboratones at St
Lukes Hospital Chicago or in the authors private practice

The author wishes to acknowledge his indebtedness to his many friends
and associates who assisted in the research read the manuscript made
helpful suggestions or aided 1n the techmcal detatls He 1s especally
indebted to the Women s Board of St Lukes Hospital and to Dr Selim
McArthur who were mstrumental mn making laboratory facilities available
and 1n providing funds for the mmtial research to Professor Anton J
Carlson and Professor Arno B Luckhardt of the University of Chicago to
Dean Irving Cutter of Northwestern University to Professor Andrew C
Ivy of the Umversity of Illinots to Mr Howard A Carter and Dr Frederick
T Jung of the American Medical Association to the Institute of Biologica'
Research and 1ts technical staff to Professors Willam and Francis Shonka
of the Department of Physics of the University of Chicago and to Miss
Gertrude Gschetdle Chief Libraniaa of the Chicago Public Library

vu






INTRODUCTION

THE objective of this monograph is to present a detailed description of the
Johnson Recording Oscillometer which makes possible the recordmg of
the calibrated artenal volume pulse without arterial puncture from any
where 1n the extremuties the temporal artery the bramn and the intraorbital
tissues  This monograph also summarizes published and unpubhished data
resufting from studies utilizing the Oscillometer some of which may be
only of academic interest while other aspects may have a direct chimeal
application 1n the dragnosis and treatment of patients

The subject of arterial circulation which includes artenal blood pressure
has been of interest since carly times  Interest in the subject 1s 1ntensified
at the present time because of the growing meidence of arterial disease

with d longevity 1mp: d methods of d and

the varted surgical and non surgical methods used in the treatment of
arteral disease

For the most part the results of the above procedures are assessed by
the subjective method enly or by objective methods which require artenal
puncture  Furthermore some of the remedial procedures particularly
those related to hypertension are assessed on the basis of studies on the
arms only even though 1t has been knowa since 1924 that differences 1n
the blood pressure may occur mn all four extremittes This knowledge 15
denived from the study by Bazett™ which showed that differences 1 the
blood pressure 1n all four extremities may be present in the normal dog
The fact that differences 1n the blood pressure 1n all four extremities also
exist 1n man has been amply confirmed by others and 1s re confirmed 1n
this study

Some of the events of the arterial circulation may occur as rapidly as
004 seconds This eliminates visual observation on non recording mstru
ments as a method of study since the human eye cannot detect such rapid
changes For this reason a p tmed calit ding oscillo
meter suitable for clinical studles and known as the Johnson Recording
Osctllometer was developed

A search of the literature shows that Swammerdam'’ (1637-1680) had
constructed a similar mstrument (sec Fxg 1) which he used for the study of
muscle A between the Johnson Record
g Oscill and that of 1s 1n the nature of the recordmg
droplet Swammerdam used water and the Johnson Recording Oscillo

i




2 THE JOHNSON RECORDING OSCILLOMETER

meter uses 95 per cent ethyl alecohol Both use air conduction to transmt
the changes which take place in the confined extremuty

The Johnson Recording Oscillometer was onginally designed for the
study of the arter:al circulation 1n the legs of dogs It was later modified
for studies on the human finger (see Fig 2) The more extensive and
diversified use of the Oscillometer was not foreseen when the orginal
equipment was developed and the imtial studies on artenal circulation were
made"

Frc 1
This figure rep a from s Aiblia Naturae and shows
of the pleth: used by Jan The text 13 a hteral

transtation from part of the original text to this figure [ Muscle movement in the
frog aa the two muscle tendons grasped by the fingers h when hanging nerve
15 touched the muscle contraction draws the two hands together Il Method showing
thickening of muscle 1n contraction a Glass tube through which muscle 18 drawn
bb . necdles transpieraing tendons ¢ the nerve touched dd displacement of needles
bb ¢ contracting muscle fills up center of glass tube III Method showing that
the heart occupies less space in contraction a Contracting heart is placed upen
piston of glass tube bb glass tube ¢ water droplet introduced tato tube of siphon
descends with heart contraction d place 1n tube showing distance moved by droplet
duning ume of descent IV Method showing that contracted muscle takes up less
space a Tube b muscle ¢ silver thread through loop of which the nerve 1s passed
d copper thread with loop at top through which silver thread 1s drawn e water
droplet i stphon tube f hand sumulating nerve muscle contracts and droplet
descends a Uittle V. Another method of showmg the above a Glass siphon &
aperture drilled m the siphon ¢ nerve drawn throuch the aperture  (Translatien
of tegend by Dr Arno B Luckhardt)
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The first description of the nstrument for making visual recordings of
the arterial volume pulse of the fingers was published 1n 1931 as part of
a manuscript on  The Effect of Amyl Nitrite on the Finger Volume
Since that time the instrument has been adapted to optical recording and
has gone through several modifications which were described i 1932+
1940 and 1951

The instrument was also described 1n a 1952 report by the Council on
Physical Medicine and Rehabilitation of the American Medical Associa
tion'”  The Council on Physical Medicine and Rehabilitation 1n the above
report stated  Ewidence ob d from sources T to the Council
mdicated that this instrument provides a convenient method for obtaining
pulse wave recordings as an aid 1n the diagnosis of cardiovascular disease

The Oscillometer together with recordings and data taken from cases
wvolving orthopedic surgery were exhibited for a conference of the

Fic

A line drawing of the original digital oscillometer A calibrated glass tube 15 sealed
to one end and a rubber dam attached to the other end is perforated m such a
manner that a finger or toe can be mserted mfo the glass chamber through thus per
foration as shown A by pass stopcock which 1s used during adjstments 1s
sealed to the side of the chamber The droplet of 95 per cent alcohol 15 shown
black for illustrattve purposes When the finger or toe ts in the chamber as illus
trated the droplet of alcohol oscillates with each volume change caused by the
ncreased amount of blood entering the finger with each heart beat This cahbrated
volume change can be recorded with the latest mstrument shown 1n Fig 3

American Academy of Orthopedic Surgeons 1n 1951 The exhibit recetved
the Gold Medal Award*® aiting the clinical value of the Recording Oscillo
meter 1n Orthopedic Surgery
There 1s no other equipment which resembles the Johnson Recording
Oscnlh mdesign T on different les have
excessive overshoot undershoot and lag  Therefore 1t 1s not possible to
present comparative studies
Because of the physics wnvolved n the dynamucs of artenial circulation
were lted with the objective of correlating the
operition of the instrument with the dynamucs of the artenal circulation
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The publication of this monograph does not mean that this research
project 1s completed  Studies utilizing the Johnson Recording Oscillometer
are 1n progress mn the authors laboratery and private practice and else
where throughout the world The use of the equipment 15 not lrmted to
research in the field of organic diseases of the cardiovascular system as s
lustrated by a study of allerzic on the card ular system
1n progress 1n 1957 under the direction of Dr Grant H Laing at St Lukes
Hospital Chicago

In order to evaluate the results of the studies made with the Johnson
Recording Oscillometer one must have an understanding of the basic
principles 1nvolved 1n the construction of the Oscillometer as well as of
the equipment specially bult to test the accuracy of the Oscillometer




CHAPTER 1
THE JOHNSON RECORDING OSCILLOMETER

THE Johnson Recording Oscillometer 1 its simplest form (see Fig 2) was
designed for recording the arterial volume pulse from the finger The latest
model for recording the arterial volume pulse from the finger 1s shown 1
Fig 3 and for recording the artersal volume pulse from anywhere 1n the
extremties from over the temporal artery or from the brain in Fig 9 The
mstrument as used for recording arterial blood pressure 1s llustrated in
Figs 28 and 30 and for recording the artersal volume pulse from the intra
orbital tissues 1 Fig 53

Each part of the mstrument has been constructed to co ordinate precisely
with other parts and n relation to the requirements of recording the human
arterial volume pulse The tuning of the recording 1s comparable to that
of the electrocardiogram or 004 sec between divisions

The Calibrated Recording Tube

The caltbrated recording tube 1s of cntical dimensions and 1s accurately
calibrated to 001 ml  The bore cannot be too small so that the effects of
capillary action will be introduced nor can 1t be too large so that the drop
let of alcohol will not hold together Two calibrated tubes are available
one with a smaller bore (21 mm) and greater sensitivity used for infants
and children and the other with a larger bore (25 mm) used for adults

The Recording Droplet

The recording droplet 1s 95 per cent alcohol and was selected because 1t
1s easily available and has the physical properties necessary for the effective
functioming of the Oscillometer It has a low specific gravity thus de
creasing the mass per unit which has to be displaced The menscus of the
droplet extends to the ends of the pipette so that the droplet changes form
not positron as a result of the arterial volume pulse Its solvent properties
are such that the walls of the calibrated tube do not collect a film of grease
which so commonly happens when water 1s used The nternal resistance
of the mstrument 1s largely determmed by the menisct of the droplet of
alcohol extending to the ends of the calibrated tube In this manner any
change 1n volume affecting the droplet 1s a change 1n the form of the droplet
(see Fig 4) The resistance to the change 1 form 1s largely of a molecular
nature and not a resistance of movement of the droplet against the walls
of the tube
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Fio 4

An taken of the cahibrated tube and the recording droplet

of al ohol while a recording was bemg made Note that the menisct of the droplet

of 95 per cent alcohol extend to the ends of the tub  As a result the droplet changes
form mstead of position while the volume changes are bemng recorded

To further the lack of the time elapsed for a
droplet to fall the length of the recording tube within the tube and i the
air 1n front of the tube under the influence of gravity was determined and
found to be the same as 1ll mFg 5

The Optical Syvstem

When a beam of light 1s cast on the recordmg tube with the contained
droplet of alcohol the calibration lines on the tube intercept the light rays
and are transferred to the moving Light sensitive paper The droplet of
95 per cent alcohol acts as a plus cylinder lens and focuses the light rays on

Fic §

Two recordings made with the Johnson Recording Osaillometer on its side so that

the recording calibrated tube was vertical In both instances the droplet was allowed

to fall under the forc of gravity In the illustration on the left the droplet fell

within the aleohol wetted tube while n the illustration on the nght the droplet

was allowed to fall in front of the tube Note that the time of fall was approximately

the same in both cases illustratng the fact that the * alcohol wetted tube offered
no more resistance to the falling droplet than the air surrounding the droplet
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The simplicity of the optical system of the instrument 1s 1llustrated above Note that
the parallel hight rays passing through the walls of the pipette only do not focus on
the light sensitive paper while those passing through the walls of the tube and the
droplet come to focus on the light sensitive paper  The volume calibrations on the
tube intercept the Light rays Tn this maaner the droplet of alcohol produces a sharp
imtense black image on a light d with lincs volume

“The recording 1s imed with vans )atercepting the light rays from a synchronous

timer with mtervals of 0-04 sec simitar to the timing of the electrocardiogram
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the moving sensitive paper A synchronous timer with vans spaced to
produce time intervals of 004 sec 15 placed so that 1t will intercept the
rays of hght The exposed and developed photosensitive paper reveals
the following honzontal lines with a volume of difference bitween any
two limes of 001 ml verucal lines with a time difference of 004 se.
between any two lines and a sharply defined black 1mage which represents
the droplet of alcohol These optical prinesples are 1llustrated 1n Fig 6

The optical shit 1s fixed at 00015 1in By using itense illumination 1a
relation to dayhght the instrument can be used 1n broad dayli_ht without

vistbly affecung the ding  The possibility of makmg dings with
out darkening the room 1s advanta eous 1n that it avoids influencing the
patient s psy state thus better controls

The instrument has eight rapidly mterchangeable speeds varying from
1410 52 cm/sec  The high speeds spread the recordings of 1ndividual
pulse waves and thus make possible the more detailed analysis of a sigle
pulse wave The high speeds are also useful when recording vers rapid
heart rates as 1illustrated n Fig 16

In order to have approximately the same developing time for the exposed
paper regardless of the speed used easily interchangeable light filters (see
Fig 7) are built 1nto the instrument By using the dark filter for the four
low speeds and the light filter for the four high specds approximately the
same density 15 obtamned on the developed paper

The Osullometer has a built 1n synchronous timing device designed to
produce the same time interval as the electrocardiogram or 004 sec (see
Fig 7)

The Transnutting Device

With chambers sutable for the fingers and toes and a special chamber
for the intraorbital tissues recordings can be made directly from the calt
brated tube In order to transmut the arterial volume pulse from other
parts of the extremties the temporal artery or the brain 1t 1s pecessary to
use a special device 1 the foll manner

The transmutting device (see Fig 7) has two chambers  The mner cham
ber 15 of a size and clasticty and 15 brased 1n such a way that 1t has

the same hout the entire range of diastolic

blood pressure It can also record systoltc blood pressure over 300 mm Hg
The outer chamber has a standard aneroid Tycos Blood Pressure Dial
built 1n  This chamber 15 of such dimensions 1n relation to the uer
chamber and to the pickup mechamsm as to affect a reduction of the artenal
volume pulse when using the 12 em blood pressure cuff of about 10 1
for adults and a reduction of about 5 1 when using the 6 cm cuff for
nfants and children

-
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Fic 7

This illustranon shows the component parts of the Jobnson Recording Oscillometer
€1) a remforced Tycos Blood Pressure Cuff 12 cm wide (?) one of the rubber tubes
which connects the cufl to the device of the Osaill (3) the inflating
bulh (4) an escape valve for adjustments (5) a Tycos blood pressure dial connected
to the transmutitng device (€) the double transmutting chamber with a r:ducnon of
about 101 {7) a rubber tube the device 10 the d
recording tube contaming the recording droplet of 95 per cent alcohol (8) a by
pass  stopcock for adju tments (9) the recording tube (10) the recording droplet
of 95 per cent alcohol (11} the leveling screw for the camera (1 ) 2 measuning
device gwing the inches of exposed paper (13) a numbering device for marking the
tracings (14) a red light which turns on when the paper 1s exhausted i the nstru
ment (15) the camera box (16) a disk contamming the vans of the synchronous timer
{17) the hight source (iR the interchangeable filte  (19) a swilch to turn the hght
source off and on (.0} the cable release which turns on the umer and operates the
camera (21) the cabinet enclosing the wn trumert (2 ) an mler socket for 110 %
60 cycle current
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The Camera

The camera mechamsm 15 5o constructed that st uses standard 50 ft
rolis of 6 cm daylight loading cartnidges of electrocardiograph paper
(Camco No 30) Mechanical provision 1s made for a positive drive of
paper at a umform predetermined speed through the camera  The exposed
paper enters a removable light proof chamber which has a self contamned
paper-cutting device When the recording has been made thts chamber
can be removed and the paper taken to a darkroom for development Fur
thermore a numbening mechansm s bwilt nto the camera so that the

SLIP-ON (@
CONNECTOR FINGER CHAMBER

Fic 8
This figure illustrates the detail of the  pickup ™ mechanism for makine recordings
of the arterial volume pulse from the dipits The digit 1s inserted into the glass
chamber through the hole in the rubber dam while the slhp on connector 1s detached
The open end of the rubber tubing 15 connected to the calibrated recording tube
while the adjusting stopcock is left open  The patient 1s made comfortable to avoid
tremor and movement the slip on connector 1s attached the droplet of alcohol i
the calibrated recording tube 15 centered the stopeack 1s closed and the recording

made

tracings are marked for identification  The tllumination 15 provided by a
standard light bulb with a fixed resistance 1n series so that the life of the
light source 1s over 1000 hr  Suitable lenses concentrate the beam of hight
on the recording mechanism A cable release operates the camera (see
Fig 7) The enure apparatus 1s operated on 110 V 60 ¢/s alternating
current
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The Pickup Mechamsm

The pickup mechanism vanes in accordance with the part of the body
from which recordings of the arterial volume pulse are to be made

The mechanism used for the fingers and toes (described 1n matenal pub
hshed in 1932V) consists of a glass chamber which fits over the extremity
One end forms an airtight seal over the finger or toe by means of a rubber
dam  The other end 1s connected to the recording nstrument by rubber
tubing with a sutable by pass for adjustment (see Fig 8)

Tic 9
Ths shows the for making i of the dastohe blood

pressure and the arterial volume pulse from anywhere wn the extremities except the
fingers and toes  In thes dlustraion recordings are betng made from the right wrist

The pichup mechantsm which 1s used for recording the artenal volume
pulse from the wmtraosbital tissues the temporal artencs and the forehcad
1s specally constructed and 1s described n detail 1 Chapter IX and 1s
Mustrated 10 Fig 53 This mechamsm s also connected to the recording
(nstrument by means of rubber tubing with a switable by pass  for

adyu tments (see Fig 53)
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The prckup mechanism for tecording the arterral volume pulse and the
artenial diastolic pressure from anywhere 1n the extremutes the temporal
artery or the bramn has been described 1n previously published matersalt®
but briefly consists of a 12 em Tycos Reinforced Blood Pressure Cuff for
adults and a 6 cm blood pressure cuff for premature babies mnfants and
chuldren (see Fig 9) 1t would be desirable to have the latter cuff rernforced
but none are avalable at this writing

Fi 10

A machine drawing of the metering device which accurately delvers 1 ml or

4 ml volume change at will by merely depressing the plunger (1) knob { ) stop

pn half volume (3) piston rod (4) retaiming collar () compression spring (6) upper
body (7) Teflon pr ton (8) hose ends and (9) lower body

Calibration

The ding tube 15 1 1 d to 001 m!' The pickup
chambers for the fingers toes and intraorbital tissues are connected directly
to this tube when recordmg from these areas The transmitting device
descnibed above 1s included 1 the system when making recordin.s of the
artertal volume pulse from the arms and legs (exclusive of the fingers and
toes) from the temporal artery and from the brain and when recording
blood pressure 1n the arms and legs  In the early models of the Osaillo
meter recordings were individually calibrated by means of a 2 ml syringe
contatning otl (see Fig 9) The caltbration was set at 1 ml when using
the 12 cm Tycos Reinforced Blood Pressure Cuft for adults and at 4 ml
when using the 6 cm cuff for premature babies infants and children  The
calibration was made by depressing the plunger of the syninge while the
recording was being taken In the later models a calibrating device of

/

-
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greater precision 15 built into the mechamsm  This device which does not
require a reservorr of o1l 1s 1llustrated 1 Fig 10

Projection of Recordins

The arteral volume pulse can be projected on a screen for visual ob
servation by groups by means of a lantern shde adapter The adapter
with a built 1n leveling adjustment replaces the lantern slide conveyor and
carries the calibrated recording tube A holder for the transmitting device
1s connected to the adapter (see Fig 11)

fic 11

A special frame to carry the recording tube of the Oscillometer has been constructed

to replace the standard shide carrier of the lantern slide projector as illustrated above

The mpette (1} 15 to the By this means the arterial
volume pulse can be projccted an a lantern shde screen as tlustrated m Fig 12

The results of a visual recording of the arterial volume pulse and blood
pressure made duning a critical cardiac operation on an nfant at the
Children s Memorial Hospatal Chicago was previously reported 1n 19511
and 15 reproduced 10 Fig 12 From such visual recordings an expenienced
observer can predict well mn advance from disturbances of the cardic
rhythm and blood pressure the impending, collapse of a patient

The Cabrnet

The enttre. equipment described above 1s contained tn a cabinet with
dimensions of 22x95x95 1n which weighs 35 1b  For convenience u
special table has been constructed so that the mstrument can be rolled to
the patient's bedside (sec Fig 13)
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PATIENT

1 yeor old 15 56015 90 105 120 135 130
DIAGNOSIS

Tetrology of Follot

Multipte artenial 19001 Il 1 :

embols bt
TREATMENT ¥ 7 J!

Potts Smith oper Lo T

ation o N
RECORD (LLUSTRATES  yrepnarmf J l_ LL,,, e
VASCULAR CHANGES c;;s:‘ggﬂ‘b
DURING SURGERY Lox At EResnp Gtk brmves sty

101 2 ICK WATEX AGRTA CLAME™D
Method Experimental Coarctation of Acrta

Fio Lo

The means of projecting the arternal volume pulse on the screen s \llustrated at the
feft of the figure and the data thus obtained during s ¢ntical ¢ peration on a one

year old infant 1s shown at the nght
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Fic 13

This figure shows the entire unit ¢nclosed in a cabinet on 2
movable table which can be rolled to the patient s bedside



CHAPTER 11

CHARACTERISTICS OF THE JOHNSON
RECORDING OSCILLOMETER

Lag

The term  fag  as used 1n this mono,raph indicates the time elapsed
from the anenal volume pulse sn the subject to the ime of recording The
arlerial volume pulse 1s taken up by the prkup mechanism of the Oscillo
meter and travels through the mstrument with the speed of sound This
was confirmed expenmentally by making simultaneous recordings of the
electrocardiogram and the artersal volume pulse while using 5 ft of tubing
and while using 55 ft of tubing from the patient 10 the instrument  The
peak of the R wave of the electrocardiogram was unsed as a4 pont of
reference  From the time difference (004 sec) of the wwo recordings the
speed of the transmussion of the arterial volume pulse 1n the instrarient
can be computed and the la,, thus deturmined  The instrument ss ordinanty
used with 5 ft of tubing  The Iag 15 then 0004 sec  Thas figure 1s mnsigmfi
cant and not measurable  When using less tubng the Ing 1s approximately
0002 sec A typical expenment s ilfustrated w0 Fig 14

Natural Pertod of the System

The ertia of the contained air and recording droplet of alcohol 15 so
smail as compared to the mertia of the pichup vt (Tyeos Remforced Blood
Pressure Cuff} that the natural frequency of the transmission tubing wonld
be much greater than any heart rate encountered 3 man  The pichup unt
t{blood pressure cuff) 15 never moving under forced vibration and thersfore
sts natural frequency 1s not a factor

Responsiiencss to Various Pulse Rates

The stroment wiil record volume pulse rates of over 1000 per munute
The average normal human subject can produce voluntary clonus i the
arm with rates up to 500 contractions per minute By tapping, the inflated
pickup mechanism of the Osaillometer while so domng the contractions wilt
be recorded  Such a recording 1s shown 1n Fig 15

There has been no opportunity 1n this study 10 make recordings of the
artenial volume pulse 1n many patients with heart rates of over 200 per
mmute  In one patient with auncular fibnilstton the rate between two
single beats was the equivalent of 250 beats per mimite  Thus was recorded

17
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Fic 14

This iltustration shows the manner of the lag of the O: Simut

tancous of the and the arteral volume pulse from

above the right clbow were made using five fect of tubing from the patient to the

recorder and were repeated while using fifty additional fect of twbing From point of

reference on the one can the time required for the

artenal volume pulse to travel S0 ft which s approumaltely 004 sec  As the nstru

ment 1s ordinanly used with 5 ft of tubing the lag 11 0004 cc  This 1s nwenificant
and nct measurable
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‘These recordings were made 10 show the responstveness of the Oscrilometet to rapudly

wduced volume changes The recording cuff was wrapped around 2 tid tube about

the size of the human arm and imflated to 100 mem Hg to Sumutate the diastolie blood

pressure Rapmdly anduced volume changes were produced by tappg the cUff 21
rates of about 500 per munute

by the Oscdlometer and 1s showst an Fig 16 Rates such as this are seldom
observed but this case does tlustrate the need for the i her speed m the
nstrument to provide for the accurate tirmng w such cases

Extremely slow heart rates occaswonally occur  Fig 17 aflustrates the
arterial volume pulse recordings from a patient 1n whom the heart rate of
the dormnzat beat and of the coupled beat was 26 respectively making the
combined rate 52 per munute  Ths recording Wlustrates the fact that the
coupled beat may confribute matersally to the munute arterial volume pulses
Several patients with complete heart block have been studied A recording

Fic 16

Recarding taken from above the right eloaw i & seventy five year old female with
aurcular fibnlanon and cardiovascalar fadure with edema 11 rapresents the artersal
volume puise with an avecage heart rate of about 150 but m the recording on the
nght between the two beats shown 3t represents 2 heart rate of 250 This deman
strages that the Qscillormeter s capable of recording ny known human heart rate
1t 1s not possible to make an accurate cafibration of the récording ut the presence of
aurtcular but a rough €an be made as shown
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Fic 17

Recording of the arterial volume pulse taken from above the right elbow n a sixty
seven year old white male who had a history of a slow wrregular heart beat The elec
trocardiogram showed a smus mechanism with coupling Note that the rate of the
domnant rthythm 1s .6 per minute and of the coupled rhythm 26 per minute making
2 tota) of 52 beats per minute In this case the coupled beat 1s a very efficient beat
and contributes about 46 per cent of the minute artenal volume pulses  The corrected
mmute arterial volume pulses i this case are 166 ml which 15 within the normal
range

of the artenal volume pulse 1n one of these cases showing a heart rate of
33 per muinute 1s illustrated n Fig 18
Sensutn ity

The Oscillometer 1s not equally sensiive at all cuff pressures It 1s less
sensitine with the higher cuff pressure as shown m Fig 19a  Howeser
the sensitivity 1s fairly constant 1n the range of diastolic blood pressure

The amount of air in the pickup mechanism affects to some extent the
sensitivity of the Oscillometer When the pichup 1s applied snugly the
Oscillometer 1s more sensitive to volume changes than when the cuff 1s
applied loosely as illustrated in Fig 19a—-1 Observations made 1n the
course of these studies wndicate that the extremity can change in size rapidly
due to shifts 1n tssue flnds Tt 1s obvious that the sunsitivity of the re
cordings would change if this occurred

Fic 18
Recording of the arterial volume pulse taken from above the nght clbow from a
sixty five year old coloured female with complete heart block During the recarding &
superimposed volume change was nduced mto various phases of the cardiac cycle
In no instance did this induced volume change alter the recording for more (han une
cardiac ¢ycle
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When the 6 em cuff 15 used the amount of air 1 the system s markedly
reduced and the sensitivity of the Oscillometer 15 markedly increased as
shown n Fig 198 The above factors 1llustrate the need for calibrating
each recording individually thus ebminating these conditions as sources of
etror  In the instance of the 6 cm cuff the deswrability of using § ml for
calibration instead of 1 ml as 1s used for the 12 cm remnforced cuff 1s also
apparent

The stze or volume of the recording droplet has very Iittie effect on the
senstivity of the Oscillometer  The size of the droplet is usually 004 ml

A Al )
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Fic 19

These recordings iilustrate the sensitivity of the instrument Recording A shows that
the Oscillometer used with the 1 em cuff 15 not equally sensiuve at all cuff pressures
and 1s more sensitive at cuff pressures 1 the range of diastolic blood pressure
Recording A 1 shows that an increased amount of air 1 the pickup cuff reduces the
sensitivity Recording B shows that the use of the 6 cm cuff markedly ncreases the
sensivity of the nstrument. Recordmg C shaws that the size of the recording
droplet does nct affect the sensitivity of the wstrument Recording D shows that
repeated similar volume changes produce identical results Note 1 mi volume
change was used in every case
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Recordings made of the arterial blood pressure and arterral volume pulse above the

left elbow and at the wrist in a seventy five year old white male with severe Parkin

sons discase In most cases severe tremor 1s not an obstacle i obtaming g od
recordings

and a shightly smaller or larger droplet has very lttle effect as shown
Fig 19

‘The width of the recording surface of tho photosensitive paper 1s 6 cm
and the recording of any artenial volume pulse 1s limited to this distance
which represents 028 ml with the calibrated tube of lurge bore and
019 m! with the calibrated tube of small bore At any given pressure the
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sensitwvity 1s the same throughout this range as illustrated in Figs 194
194—1 and 198

Repeated similar volume changes produce dentical results as tllustrated
m Fig 190

Responsiveness to Extrancous Factors

Extraneou factors which might be thought to modify the reuordmvs do
not do so because of the ch 1stics of the Oscill The
examples serve as illustrations (1) A single induced extraneous wolume
change while making a recording of the artersal volume pulse will not
modify the recording for more than a single beat since 1t does not cause the
nstrument to oscillate as shown i Fig 18 (2) It 1s possible to obtain
good recordings of the arterial blood pressure and the arterral volume pulse
1n severe Parkinson s disease as shown m Fig 20 (3) It 1s possible to make
recordings of the artenal volume pulse from the arm while the patient 1s
walking around the room if the subjec can keep his arm relaxed (4) It s
possible to make recordings of the arterial volume pulse through heavy
clothing with some Joss of sensittvity  This procedure 1s cited merely to

the y of the

Errors Due to Overshoot

As used 1n this monograph the term  overshoot  rufers to the recording
droplet going beyond the actual arterial volume pulse change The over
shoot due to vanious components of the Oscillometer namely the calibrated
recording pipette the transmitting device and the pickup mechamism
(Tycos Remnforced Blood Pressure Cuff) has been determmed

‘The overshoot 11 the calibrated recording tube 1s negligible when a fixed
volume 15 introduced at various rates and the time of nise of the volume
recording 1s more than 01 sec As will be brought out m the chapters
on the recording of the arterial volume pulse from the fingers and toes and
from the mtraorbital tissues the time of nise of this component of the
artenal volume pulse 1s always more than 01 sec  For this rexson over
shoot does not 1ntroduce any error when taking recordings from these areas
as illustrated 1n Fig 21

The overshoot for the of the calt d tube and
the device was by imecting a fixed volume of arr
at various rates It was found that the degree of overshoot vaned with
the crest time (time of nise of the volume pulse) as shownn Fig 21 There
is considerable overshoot with crest imes comparable to those found 1n the
human artenal volume pulse taken 1n the extremuties exclusive of the fingers
and toes
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Recordings made of the arterial blood pressure and arterial volume pulse above th

left clbow and at the wrist in a seventy five year old white male with severe Parkin

sons discase  In most cases severe tremor 15 not an ob tacle in obtaiing good
recordings

and a shghtly smaller or larger droplet has very Lttle effect as shown 1
Fig 19¢

The width of the recording surface of the photosensitive paper 1s 6 ¢
and the recording of any arterial volume pulse 1s Imited to this distance
which represents 028 ml with the calibrated tube of large bore and
019 ml with the calibrated tube of small bore At any given pressure the
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Recordings made from the artificial arm for the calibration of the Oscillemeter 10
Wusteate the effects of overshoot runoff  ard th artificral pulse waves which
can be produced under controlled conditions
A Recording A 1 shows a cafibration of th Osctllometer to 1 ml and
recording A . shows a calibration of the artificial drm 10 1 ml  Note that the
amphlitudes are identical indicating that there 1s no loss in transmussion of 1 ml
from the aruificial arm to the recording mechanism
These recordings show the effects of crest ume on the degres of over
shoot  Simular studies at vanous crest times and various diastolic pressures
produce the data which makes it posuble to compute correction factor A (see
Fig 29
s C  These recordings show pulse waves produced from the artificial arm
The proumal synnge was depressed so that the crest uime was 018 sec in
e::h nsc The recordings simulate heart rates of 53 and 89 respectively  Note
the which 18 for by the difference v run
oft " Also nole the pmcnce of a dicrotic notch which 1« simylar to that seen 1t
the human pulse wave
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arhificial arm wath a rigid tube two inches tn dameter around which the
rubber portion of a standard 12 cm blood pressure cuff 15 wrapped  The
f outlet 15 te a hypod needle which can be changed
at will and which acts as 2 resistant to the flow of fimd  The hy podermic
needle 35 1 turn connected to a reservoir and a 2 mlsyninge  The whole
system contans 100 mi of water with all amr excluded through by p.tss

stopeocks 1t has been found that this equryp wilt functton 3y
with velumes of flud 1 the system ranging from 50 t0 125 mi  Greater
or less fld brings about other techmcal The i

shown in Fig 223 In operation the pickep mechanisnr of the Osaitlo
meter 1s wrapped around the rubber cuff as 1n makisg recordings from the
human arm as shown m Fig 228

The following procedures are possible with the above combination of
mstruments

I The dastohe pressure can be controlled by wnflation of the Osedio
meter cuff to the desied pressure

2 When the syringes of the attifictal arm are set at 1 mi and the
diastolic pressure 1s set at o scheted level injection of 1 mi nto the
arificial arm while recording on the Oscillometer gives a value corre
sponding to 1 ml as cahbrated by the Oscillometer tiself as showa m
Fig 23

3 The crest e or trme of fise of the volume pulse con be con
trolled by the rate of mjection It s then posstble to determine the
degres of overshoot with dsflerent crest tumes as shown 1 Fig 23p

4 The stmulated heart rate can be controfled by changing the pert
pheral ressstance  Th= constricion of a 20 geuge hypodermuc needle
will gne & simulated volume pulse rate of about 100 per munute while a
22 gauge needle wall give a simulated rate of sbout 50 per munute as
shown m Fig 23c

S An arufictal precision volume prlse can be produced by depressing
the distal synag,  Whde the p syringe 15 deg
and the distal syringe ts released and tokes up the volume of t mi at a
rate determuned by the peripheral constriction of heart 7ate I tus
manger volume pulses ssmulating those seen i afmost any cardioyascular
condstion can be produced at will s shown m Fig 23¢

Errors Due to Undershoot
Undershaet 1s comparable 10 overshoot except that w occurs durmng
diastole if the descent of the volume pulse 15 rapd  when & fast heart rate
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1s present It 15 neghgible in recordings of the arterial volume pulse from
the fingers toes and mtraorbital tissues In the extremuties exclustve of
the fingers and toes 1t does become a factor 1 heart rates of over 100 as
tHustrated 1n Fig 23c  The degree of undershoot has also been determuned
for various heart rates and enters 1nto the computation of the correction
factor K {see formula n the legend for Fig 24)
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An analysss of the arterial volume pulse for overshoot and  run off from which
the correction factor A s ebtamed to construct the graph shawn m Fig 24(8)

The triangle OYX can be constructed equal and congruent to tnangle WYZ f
and only if OX s parallel to VY and the extension of VY meets WZ on the vertical
axis through O

Then d td =t 1t

Note The trianglte OYX did not need (0 be constructed to prove this but the
assumption as made above 15 necessary t order to set up the proporton

In terms of a correction factor A defined by
d = K dy ~ d)
then A=ditd +d ~d)
stnce d=1ml
=1td ~d - d)
Errors Due 10 Runof}

In this monograph the term  runoff refers to that quantity of blood
which moves forward without contributing to the expanston of the artenial
tree duning each systole It represents the effects of the hinetic energy as
contrasted with the potential energy as a resuift of the expansion of the
artersal trec to accommodate the increased amount of blood cjected by the
heart during systole  This 15 dfficult to determune precisely experimentally
An approumatton can be determined on the artificial arm as shown n
Fig 23c or it can be computed as being the ratio of the crest time over
the length of the cardiac ¢ycle muluplied by the calibrated sccorded volume

pulse
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Determination of the Correction Factor &

In the preceding paragraphs 1t was pomted out that overshoot can be
determined expenimentally for different crest times and undershoot can be
determined cxperimentally for different heart rates Runoff  can be
computed and varies with both crest time and heart rate & has been
determined from the formula 1n the legend for Fig 244
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Graph giving K for vartous crest umes and various heart rates The runoff o
was computed from the formula set forth m Fig  47A) and ¢ and d were deter
mned experimentally The correction factor K 1s for overshoot and  runoff  for
heart rates of less than one hundred beats per minute The correction factor K for
heart rates over one hundred beats per nunute includes overshoot runoff and
undershaot

The correction factors for various heart rates and crest times are shown
inFig 248 The cuff pressures used made no appreciable difference 1n the
resuits

Eqruipment for Testing Accuracy

In order to test the accuracy of the Oscillometer 1n recording the cali
brated arterial volume pulse an artifictal circulanon instrument was made
the human as closely as 1s mechanically possible
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The apparatus used the principle of the artificial arm illustrated 1n Fig 22
but ncorporated a mechanical pump with which 1t 15 possible to deliver 2
fixed volume pulse at vanous crest tmes and varous heart rates The
system contains two one way flutter valves which provide for flow n only
one direction  The opening and closing of these valves sound much Like
the tones of the human heart  The peripheral resistance can be modified
at will by means of a needle valve The nstrument can be set at any
destred diastolic pressure various heart rates and vartious crest imes  Con
tinuous recordings from the artificial arm of this apparatus can be made

| tnferchangeable Cam 5 Return Flow 9 Fluffer Valve
2-Blood Pressure 6 Needle Valve 10 ToArnS 1l Arm
3 To Osnillomete 7 CA Off Valve Ik From Artificual Arm
AReerv r 8 Flutter Vaive 12 Syringe

Fie 5

[he equipment built to s:mulate the buman systemic airculation The drive mechanism
with multiple specds 1s shown on the nght and has a replacable cam (1) which activates
the plunger of 1 syringe (1) through a lever mechanism The form of the cam can be
computed from human arterial volume pulse recordings Recordings made from this
mstrument by mcans of the Oscillometer stmulate the artenial volume pulse recordings
m every detad Any human arterial volume pulse can be duplicated on this instry
ment The flow through the simulated extremuty ts in onc direction only controlled by
means of two flutler valves located at (8) and (9) The ncedle valve (6) controls the
peripheral reststance and returns the fluid to the teservorr (4) The pickup mechanism
of the Osaillometer 15 shown surrounding the stmulated human extremuty at { )

on the O cillometer and the recordings can b calibrated at wall  The
simulated venous return can be coll { and compared with the comp d
volume pulse from the Oscillometer recordings  From this study 1t was
determined that the error was less than 7 per cent with heart rates under
125 The precision instrument described above 1s shown in Fig 25




CHAPTER Iil

THE ARTERIAL PRESSURE PULSE AND THE
ARTERIAL VOLUME PULSE

SomE difference of opinion exists concerning the distinction between the
arterial pressure pulse and the arterial volume pulse  Artenal pressure
pulse and arterial volume pulse are intimately related and have the same
ongin namely the action of the heart In the arterial system the speed
of the artenial pressure pul e 1s 1n part determined by the decree of evisting
elasicity  The speed of the arterial pressure pulse can be measured 1n
experimental models of the arterial circulation and 1n patients as illustrated
m Fig 26

Because of the action of the heart and because of the anatomical struc
ture of the arterial system both arterial pressure pulse and arterial volume
pulse are created with each heart beat
The Pressure Pulse

The pressure pulse 1s created by the action of the heart suddenly ejecting
additional blood nto the elastic arterial system already under pressure
This pressure pulse travels down the artenial system with a speed of from
15 to 60 ft/sec and has been measured by others It can be measured
by the Johnson Recording Oscillometer as shown in Fig 26 The measure
ment 1s made by taking sumultaneous electrocardiograms and volume pulses
above the elbow and at the wnist and noting the lag n the prcssurc pulse
between the two areas from a point of on the el
The distance between the elbow and wrnist can be measured and from these
figures one can compute the speed of the pressure pulse wave The pres
sure pulse contributes virtually nothing to the forward flow of blood

Although a great deal has been written concerning the pressure pulse no
clear cut defintion can be found 1 the literature as the term 1s used
this study

Force and pressure are both involved in the genesss of the pressure pulse
Force 15 generally defined as push ot pull Forces are usually expressed 1n
pounds grams or htlograms Pressure means the push or pull on a unit
of surface acted upon Pulse 15 generally defined as a regular beating or
throbbing caused 1n the arteries by contraction of the ventricles of the
heart

Therefore a pressure pulse could be defined as a push or pull on a umit
area of the surface of an artery caused by the contraction of the ventncle

31
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Thus allustration shows the manner of measuring the speed of the arterial pressure
pulse (not to be confused wilh the arterial volume pulse} The distinction between
the two ts illustrated in Fig 27 d of the

and the artenal volume pulse are made from above the elbow and at the wrist Froma
point of reference on the electrocardiogram the time clapsed for the pulse wave to
travel from the elbow to the wrist can be measured The distance in 1nches can also
be measured From these figures the speed of the pressure pulse can be computed

‘The same procedure

can be used on the leg  llustrative cases are shown in the table
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of the heart However this must be modified 1n view of present know
Iedge to 1aclude 1n the coneept of pressute pulse the detnery of blood from
the left ventricle to the aorta

The Volume Pulse

The fnerature contains much materal on the change 1 volume of the
artertal tree as a result of the action of the heart  However the relationshup
of the pressure pulse o the genesis of this change has not been clearls
defined

For the putpose of thrs study the standard defimition of volume and
pulse apply namely volume 1s defined 15 space occupted as measured 1n
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The upper line drawing was made to iilustrate a hypothetical cross section of the

arterial tree above the elbow and at the waost during diastoh (B C) and (B -C') and

duning systole (A-D) and (A D) Note that the pre sure pulse travels from the

elbow 10 the wrist 1n 004 cc  On b other hand the volume pul e above the

elbow and at the wnist takes 016 sec to reach a peak which is a reflection of the
maxmum d stension of the arterial tree i these locations

cubic unts  The term  volume pulse 15 defined as 1s the term pulse 10
Webster s Dictionary 1¢  a regular beating or throbbing caused i the
artenies by the contraction of the vemtnicles of the heart  The arteries
already being filled with blood under pressure the additional quantity of
blood forced 1nto them by each ventricular contraction causes a distension
of the arterial walls These contracting agamn under therr own elastiaaty
force the blood along distending 1 turn the part of the artery next beyond
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the mstitution of the auscultatory technique by Korothov® m 1905 the
cra of modern clinical sphygmomanometry began

Until 1924 1t was assumed that no sigmificant differences 1n the arteral
blood pressure in the arms and legs 1n the rechmng subject evisted At
thrs ume Bazewt'"’ by direct artenal puncture 1n dogs m the horizontal
position showed that the systolic pressure was higher in the femoral artery
than n the brachul artery but that the diastolic pressure was the same

Fio .8
The nstrumens arranged for taking the distolic blood pressure and the arteral

crculation from above the eloow Recordings thus taken are dlustrated m Figs 9

throughout the arterial tree  Previous ssolated reports on human subjects
with aortic regurgitation as well as hyperthyrowdism had been reported
with the same findings "
Comparative studies on arterial blood pressure by the auscultatory l;‘C
niques and diect arterial puncture were made posstbl, after the "”;ﬁf\
ment of the Hamulton Manometer'#  Numerous authors (Burdi .
Strang”*" and Hamilton **) have consistently found the blood pressure
tugher m the legs than 1n the arms of normal rechning subjects
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Pulse wave recordings from which the artenal bload pressure can be determumed

and B awe pulse wave recordings at 10 mm Hy cufi pressare tncrements feom
140 mm Hg down fo 60 mm Hg above the elbow and above the knee respectively
The maxsmum amphitude of the poi ¢ wave in the arm s recorded ar 90 mm Hg
which s the diastolic blood pressure and at §00 mm Hg in the leg which 1s the
diastolic blood pressure A<l and B~1 are recordings of the pulse wave below the
elbow and below the knee 1y when known are appled above
the €bow and above the knee by second cuffs as dlosirated 1 Fig 30 o the wWus
teation for the arm (A-1) the pressure wt the prouimal cuff was 150 mm Hp when
the recording was started and 119 mm M when 1t was stopped  The recorded stnp
of tracing sepresents 31 mm Hg and the systohie blood pressure 15 interpolated at
136 mm Hy A simolar study 1 the Jeg gave a systolic blood presence of 157 mm Hg
pressure  Note the subject for this record ng was a pormal white male age 31

0 1n 128} and weihing 180 1b

37
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The proper width of the cuff for taking blood pressure has been the sub
Ject of much controversy At present the 12 cm cuff 1s recommended for
the arm and the 15 em for the leg In a study by Sapp Arney and
Mattingly® published 1n 1955 an 18 cm cuff was advocated for the leg
Erlanger and Hooker''® stated that if the artery 1s compressed as much as
4cm the cuff 1s adequate  Wiggers”™ 15 of the opinton that the 13 cm cuff
1s adequate

Attempts have been made to record the diastolic blood pressure by
oscillometry using the pressure at which the maximum pulse wave was
recorded as the diastolic pressure (Janeway*™ Masing"® Sahli* @ and
Marey* 1)

Reviews of the subject of arterial blood pressure have been written from
ume to time including a study by the Commuttee of the American Heart

¢ ' an the Standardi.ation of Blood Pressure Readings A
review of the subject in monograph form was published by Masters er al'™
n 1952

Method of Recordmn, by Oscillometry

In the work reported 1n this monograph the artenal blood pressure in
the arms and legs 1s recorded by oscillometry In this method the recordine
of the dustolic blood pressure 1s based on Marey s Princtple®” wihich
states that  application of a definite force to an elastic vibrating structure
causes 1t to oscillate most extensively when snternal and external pressures
are equal  This 1s a physiological apphcation of Hooke s Law from phy
sics which states that 1f a displacement of an elastic body occurs the
restoring force 1s proportional to 1t within the elastic limit of the body
Periodic wave motion requires that this conditron exist as 1s the case when
the cuff 1s at the dustolic pressure  From this discusston 1t 1s apparent
that 1t 1s only necessary to discover at what cuff pressure the maximum
amplitude of the pulse wave occurs A standard 12 em Tycos Resnforced
Blood Pressure Cuff 1s applied above the elbow in the usual way and it
attached to the Oscillometer as shown m Fig 28 Recordings of one or
two artertal volume pulses at cuff pressures ranging from 140 to 60 mm
Hg taken at 10 mm Hg increments are made as shown in Fig 29 The
amplitude of the recorded arteral volume pulse 1s measured with a caliper
and the pressure Ieve! at which the maximal pulse wave 1s recorded 15 the
diastolic blood pressure  The same procedure 15 carmed out above the
knco to obtain the diastolic pressure as shown m Fig 29

The svstolic blood pressure 15 recorded by means of the Oscillometer
ustne the double cuff method as shown i Fig 30 A standard 12 cm
Tycos Remforced Blood Pressure Cufl 15 applied above the elbow 1n the
usual way and 1s connected to a standard anerosd blood pressure dial  The
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This photograph shows the manner of applymng the pickup <uff for the recording of

the systohic blood pressure  The distal cuff 1s nflated to approximat ly the diastolic

pressure and is used for recording The proximal cuff 1s inflated to 4 pressure above

the level at which no recording of the puisc beat 1s made by the di taf cuff The

proxunal cuff 1s deflated slowly while a recording 1s bemng made and the level at

which the first beat 1s registered by the distal recording cuff 15 taken as the systolic
blood pressure as shown m Fig 9

system 13 modified by incorporating a by pass  air escape mechanism by
which the pressure can be reduced at a uniform rate by merely opening
valve as shown m Fig 31 A second standard 12 cm Tycos Remnforced
Blood Pressure Cuft 1s applied below the efbow and 1s connected to the
Johnson Recording Oscillometer To obtan a recording of the systolic
blood pressure the distal cuff 1s inflated to the diastohic blood pressure as
P e p cuff 15 nflated to above the antict
pated systolic blood pressure and a visual note 15 made of this pressure
Recordings from the distal cuff are made while the proxumal cuff 1s deflated
at a fixed rate until recordings of the arterial pulse wave appear from the
distal cuff A visual observation 1s made of the pressure 1n the proximal
cuff at the pomnt at which the recording 15 stopped  The cuff pressure 1n
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Fio 31

This figure 1lfustrates the detail of the proximal biood pressure cufl and sceessarics
used m recording the systolic blood pressure as shown in Fig 30 The by pass con
constriction (1} ean be altered at will by usmg various sizes of hypodermie needies
In most mstances a 27 gauge needle s wsed To record the systohie blood pressure
the sastrumient 15 arvanged Tor recording from the distal blood pressure coff aet at
approuimately the disstolie blood pressure  The proumal cuff s inflated to above
the anticipated systolie pressure Re ordings from the distal cuff are started simul
taneously with the opening of the by pass valve ( ) and continued until recordings of
the volume pulse from the distal cuff appear A note s made of the pressure in the
proximal cuff at which recordings were started and stopped  From the devel ped
tecord one can ynierpolate the systolic pressure

the protimal cuff at the pomt whea the recording was started and stopped
1s then known The systohe pressure can be nterpolated from this re
cording as shown in Fig 29 The same procedure can be camred out 1n
the legs and with smaller cufls on tnfants and children  Whife camying
out the procedure 1n the Jeg the proximal cuff wilf transmut an impulse
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through the table which will be recorded by the distal cuff and give false
teadings  This error can be eliminated by placing a pillow under the knee

All studies were made on adults 1n the recliming posiion  Some subjects
were normal some had cardiovascular disease and others had diseases
untelated to the cardiovascular system  The results of the studies are given
in Table I These dicate that normotension hypotension and hyper
tension may exist 1n the same patient  When the data on all four extrems
ties are exammned all combimations are found to be present 1n some patents
regardless of adult age sex height body build and weight (Note except
Case 11 a seven year old chid)

TasLe I

Broop PRESSURE Stupies

| Blood pressure
[

Cases Arm Leg
Case ol Sex. Age 1 Rght Left Right Left

NORAMAL IN THE ARM> AND LEGS

1 W F 6. 130790  11€/90  145/110  149/100
i w I3 54 | OH2/90  115/90  142/90  138/90
3 w M 58 127/100 125/90  148/1 0 1a7/100
4 w M 54 LS/ 138/90  143/90
5 c F 54 | 135 137790 134/90  148/100
6 w ¥ 53 137/90  1°5/70 1 8/80  148/80
7 w F 34 112/90  1.0/90  146/80  154/90
8 w F 57 | 199/80  131/80  150/90  146/90
NORMAL IN THE ARMS—HYPERTENSION IN THE LEGS
9 w ¥ 54 141/80  138/90  205/110 197/110
io w N 60 135/100 234/1 0
1 w M 7 | 135790  135/90  172/90  160/80
12 w M 63 140780 131/50  170/i00 157/100
13 w M 50 1317100 130/100 166/100 168/110
HYPERTENSION IN THE ARMS AND LEGS
14 w F 30 L40/170 300+ /170
15 w F 60 185/110 260/140
16 W ¥ 53 230/120 252/140
17 W ¥ 65 173/110 18690  .13/100 193/%0
18 w M 59 T178/100  163/100  2:4/110 .11/110
19 w F 64 l 187/110 1637170  135/100 156/110
20 w F 75 158780 158780  214/90 701/100
21 w F 61 300 + /180 300-+ /170 300+ /160 3004/
2 w F 63 187/100 187/110  215/100 2.6/100
2 c M 42 | 1557150 1667150 -16/160 2 160
M ‘M )
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BLoop PRESSURE STUDIES—Coniimued

—

Blood pressure

Cases Arm Leg
Case  Qol Sex Age | Rignt Left Right  Left
OLELUSIVE ARTERIAL DHSEASL~—ONF OR MORE EXTRCMITIES
24 w F 42 I 131/90  131/90  80/60 75 SO
25 w M 7 ' 191/100 275/110  119/110
26 W M 50 1717100 175/100 160110 161/110
27 w M 63 110/80 102/70  166/110
28 w M 67 | 12878 7870 Amp 107/80
29 w M 7% I 180/90  180/100 110/9%0  115/90
30 w M 64 160/100  133/90  198/120 07/120
31 W M 50 130{90 139/90  91/70
32 w M 63 183/100  172/110  117/9%0  190/80
3 w M 66 188/90  §64/100 127/100 §23/100
34 w M 55 176/80  175/80  107/60  78/60
35 w M 66 205/130  M1L/140 9770 145/90
66 w M 75 175/80  161/80  109/80  165/80
OCCLUSIVE ARTERIAL DISEAST -COARCIATION OF TIIL AORTA
37 w M 23 | 2077416 1997110 119110 1 {110
MISCELLANEOJS—MITRAL (OMMISLROTOMY—| YEAR POST OF ERATIVE
38 w F 1€ 11770 120/70  160/70 160770
MISCELLANEQUS—MILD HYPERTHYROID
39 w F 56 1547110 165/110  *M7/1 0 07/120
MISCFLLANEOUS—PUSSIBLE ADRENAL [NSUFFICITNCY
40 w F s 94/80 107/80 11/80 16/20
MISCFLLANFOUS—COMPLETL HEART BLOCK
a1 C F 50 185/100 53/110
4 w M 65 1731110 186/90  "13/100 193/90
43 w M 69 _05/100 .16/100 238/100  06/110
MISCELLANEOUS~-DISK SYNDROME
43 w M 50 1.5/70 159/90  145/%0
45 w M 60 115/90  118/90  183/100 181/100
MISCELLANEQUS—EXTENSIVE THIRD DEGRFF BURNS OF LEGS
46 w N 34 125/80  138/90  14°/100 167/90
47 w M 46 116/80  11°/80 16 /80 156790
43 w M 30 130/90  125/80  155/100 165/90
49 w M 27 (35/90  [40/110  191/110 167/100
MUISCELLANEOL S ~~SCLERODFRMA—SC1 ERODACTYLIA—~
RAYNALD S SYNDROME-—CALCINGNIS
50 w r 61 132/80  178/90  200/100 18°/90
RAYNAUD § SYNDROME 1N THE FINCFRS ONLY
) W F 49 1450  13°/100  148/100 145/100
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The ding table it the d n artersat blood pressure
the four extremties which one mught cncounter when the blood pressures
are recorded oscillometnically with the standard 12 cm Tycos Remforced
Blood Pressure Cuff

Some of the cases are of unusual mterest as ndicated below

Case 11 Thig 1s the only child in the series and 13 of uausual interest
because hypertension exsts 1 the legs even though the subject was only
seven years old

Cases 24-36 wclusne Al had symptoms of mtermittent claudia
tion and in addition cases 24 25 28 29 13 34 and 35 had rest pains

Cases 25 and 33 These two ca es recesved hypotensive drugs with
an aggration of the stermsttent claudication and rest pams which lasted
several weeks after cessanon of therapy

Cases 24 26 and 35 These cases had lumbar svmpathectones with
out rehef of symploms

Case 37 Ttas case had a resection of the coarctatn which reheved
the I and the

Case 50 Thns case had a bilateral sympathectomy to both arms about
twenty years previous with no rehef from the Raynaud s Syndrome

The patients varied m adult age (except Case 11} sex body bndd beight
and weight although there were no cases of extreme obesity in this entire
sertes

Esaluation of Findings
Although the results duced by 'y may not gi ly

tefiect the artenal blood pressure it s beheved that they are more accurate
than when the artenal blood pressure s taken by the auscultory method
when similar cuffs are used  The data sndicates that the difference n the
blood pressure o the arms and legs of some patients i so great that errors
115 the oscitlometrical method are asignificant by comparnson

The method described uses imechanteal principles for recording the
arterial blood pressure while the auscultory method relies on the produc
tion of sound wathmn the range of heanng known as the horotkov
sounds'tt It would seern that these may vary m pitch and sntensity de
pending on the speed of the nise of the pulse wave as well as the dampung
effect of the surrounding tissues £ the speed of the nse of the pulse wave
35 much over 0 16 sec (normal B08-0 16} the sounds may not be heard

-~

"
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This 1s well 1llustrated from records taken from the legs 1n patients with
coarctatton of the aorta Case 37 of this series had a speed m the nse
of the pulse wave above the knee of 024 sec In si< other patieats with
coarctation 1t averaged 025 sec in the legs This 1s also apparent
patients with occlusive arterial disease where distal to the occlusion the
ttme of nise 1s markedly prolonged as in cases 24-36 of this series where
the time of nise of the pulse wave ranged from 0 2-0 32 sec 1n the affected
extremity This 1s also true for palpation of the peripheral arterial pulse
as the palpating finger cannot feel the slowly nsing pulse wave The
obvious conclusion s that 1f the Korothov sounds are not in the range of
hearing the artenal blood pressure must be recorded mechanically

The sensitivity of the mstrument for recording systolic artertal blood
pressure 1s approxmately 0 02 ml escaping past the proximal blood pressure
cuff which means that 1n taking systolic blood pressure the error 1s less
than 2 mm Hg The sensitivity for recording the distolic blood pressure 15
within 10 mm Hg

The mstrument used 1 this study 1s a precision istrument for the re
cording of the artenal volume pulse but the pichup mechanism (Tycos
Reinforced Blood Pressure Cuff) may introduce significant error because
of faulty design or dimensions in relation to the extrennty It 15 sigmificant
to note that tn the series of patients reported on Table I cases 1-8 vaned
1n adult age height body bwld and weight Likewise 1n the rust of the
patients who showed abnormalities of blood pressure n the extremuties
these abnormalities showed no relation to adult age (note case 11 1s the
seven year old child) height sex body build or weight Furthermore
patients 27 28 29 and 34 were studied once a month for more than two
years with consistent results witlin the range of physiological vanation
For these reasons 1t would seem that the standard 12 em cuff gives chnically
consistent results for the recording of the artertal blood pressure m alf four
extremities

A great deal of the work which has been done by others on hypertension
was based upon blood pressure studies n the arms only with a disresard
of the blood pressure in the legs It seems apparent that 1f hypertenston of
the arms 1s important hypertenston of the legs 15 equally tmportant per
haps more so when one considers the large amount of arterial patholoay 1
the legs as compared with that seen in the arms  On the other hand
patients have been observed with hypertension of the arms and hypotension
of the legs associated with occlusive arterial disease  Such patients when
treated with hypotensive drues may develop an madequate arterial aircula
tion 1n the legs sath further symptoms of rest pains and mtermuttent claudi
cation They may develop psychosis broucht about by mmpaired circulation
to the brain as m cases 25 and 33
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It 55 sigmificant that the following combination of artenial blood pressure
10 the arms and legs has been recorded

Normal m arms and legs

Normal 1 the arms and hypertension in legs
Normal 10 the arms and hypotension 1m the legs
Hypestension m the arms and legs

Hypertension 112 the anms and normal 1 Jegs
Hypotension m the arws and bypertension w legs
Sigmficant differences 1a the two arms

Sigsficant differences m the two legs

Sigmificant dufferences 1 all four extremmbies

O Y

These findings are important because they emphasize the need for blood
pressure studres throughout the entsre body 1n order 1o compleicty evatvate
the patient s state of artenal blood pressure and to bnng abowt 2 betier
understanding of the nature of artemal bload pressure per se  This study
15 8 step e this direction



CHAPTER V

THE RECORDING OF THE ARTERIAL VOLUME
PULSL FROM THE FINGERS AND TOES

THe recording of the artenal volume pulse from the fingers and toes 15
especially significant for the following reasons (1) the method of making
these recordings involves a different procedure from those used for making
recordings from other parts of the body (2) the nature of the arteral
volume pulse 1s different from those elsewhere in the body and (3) the
chinical usefulness of this procedure 15 somewhat less than that of the
procedure used for recording the arterial volume pulse elsewhere n the
extremities except when disturbances 1n the arterial circulation of the digits
per se exist

Merhod of Recording

Recordings of the arterial volume pulse can be made from the fingers
with the patient in rechning siting and standing positions but for the
sake of umiformity and better control the recordings are usually made with
the patient in the rechning position after a sustable rest period  In order
to avoid tremor in the recording as well as the effects of resptratory move
ments the hand 1s placed on a pillow lad over the abdomen A droplet of
95 per cent alcohol of a volume of 004 ml 1s placed n the calibrated
recording tube and the mstrument 15 adjusted with the leveling screw as
shownin Figs 3 and 7 so that the droplet moves slowly toward the operator
under the force of gravity The movement of the droplet s stopped by an
offset device built into the recording tube  The tracing 1s numbered with
the built in numbering device for dentification (see Fig 7)  The digital
chamber has a rubber dam placed over one end with a hole just large
enough to admtt the digit  The seal between the rubber dam and the walls
of the digital chamber must be airtight since even a small leak will inter
fere with the recording  This can be insured by wrapping a prece of ad
hesive tape around the seal  The digital chamber 1s apphed to the finger
with the by pass  stopcock open {see Fig 8) and 15 connccled to the
recording tube  The nstrument 1s so hinged that the side toward the
operator can bu clesated  In this manner the recording droplet can be
mosed to the center of the recording tubc  The by pass  stopcock 15
closed the light switch (see Fig 7) 1s turned on and the cable release 15
depressed sctuing the anstrument 1n motion and making the recordine 1f
there 15 @ leak 10 the system which may happen due to faulty application

46
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of the rubber dam to the walls of the dsgstal chamber or of the digual
chamber (0 the finger the droplet will slowly move toward the operator
and no pulsations will be seen  Corrective measures are then when

A normat tracing from the fingers before ang after the application of
focal heat 15 shown 1 Fig 32 Thus dlustrates the fact that the arteral
volume pulse vagies wath the size of the finger but avera es 052 ml for o
20 ml finger In the absence of argans, occlusion local heat increases thy
anteral volume pulse wdicating vasodifitation  Re upphication of the

Wi 4 owm |
-y

Fia 17
Recording of the finger volume pulse in 2 normal male The black ares represents
the width of the recording dropies of ethy} aleohot and does not enter o the
measurements  Measurements are made from the depression ta th peak of the oscst

fations  The b fines are of th d on the recording

pipetie and the distance beiween any tho hines 13 001 mit  The vasodidatsng effects

of lacal heat are welt iflustrated s (s recosd by the wncreased amphude of the
excutsions

digrtal chamber followed by arterial volume recordings produces consistent
results

The Nature of the Artersal Volume Pulse from the Eingers and Toes

The contour of the artersal volume pulse from the fingers and 1oes s
usually smooth wathout viable or prominent secandary waves as s fre
quently not the case i recordings of the artersal volume pulse from else
where m the extremity However peaks frequently appear following
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vasodilitation from local heat general heat fever nerve block and with
some organic diseases of the heart such as high grade aortic regurgitation
(see Fig 33) The crest ime or time of nse of the artenal volume pulse
from the fingers and toes 1s usually more than 02 sec while the normal
values from elsewhere 1n the extremities fall between from 008 to 0 16 sec
This 1s important since 1t precludes overshoot as an error 1n the recordings
Undershoot also 1s msigmficant since the time of descent of the arterial
volume pulse 1s usually longer than 02 sec

| CONTROL mi’nmusmoum |§L T P tserou
£

Fig 33

This figure illustrates the exaggerated finger volume pulse from patients with severe
aortic regurgitation  These changes are a reflection of the increased stroke output of
the heart Local heat produced a mark d vasod:ilatation

The arterial volume pulse in the finger can be obliterated by the appltca
tion of pressure to the arms by means of a blood pressure cuffl  This
obliteration 1s complete when the pressure i the cuff 1s at the systolic level
(see Fig 34)

The effects of artifictal fever produced by general heat as well as foreien
protesn on the artenal volume pulsc of the fingers has been studied  The
results were reported 1n {9352 There 1s an immediate increase m the
artenial volume pulse with artificial fever produced by all methods except
by the foreign protein reaction in which case there 1s a prelimunary de

crease followed by an increase
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Fic 34
Volume pulse recordings from the thuird finger of the right hand from a colored
male age 39 who had 2 luetic aneurysm of the aorta with an acquired commuasa
tion between the aortic aneurysm and the pulmonary artery 15 by 06 cm proven at
2 subsequent post mortem examnation The recordings were made durting compres
sion of the upper arm with 2 blood pressure cuff at 10 mm Hg wncrements  Note the
gradual decrease of the amphtudes with obliteration of the volume pulse as the
systolic blood pressure was reached and the reappearance of the volume pulse when

the pressure was released
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The arterial volume pulse from the fingers can be increased by the
eltmination of vasoconstrictor tone with medan nerve block at the wst
through the use of novocamn as shown in Fig 35 [In this mstance the
arterial volume pulse becomes greater n the first four fingers and less i
the fifth apparently because the blood 1s shunted 1nto the first four fingers

Further studies were made on the effects of the release of vasnconstrictor
tone in a patient with rth d arthrios foll 1 [ cervical
sympathectomy  From this study' * 1t was found that the artenal volume
pulse returned to 1ts control level 1n twenty erght days following surzery

~ FINGER VOLUME CHANGES |
RAYNAUD'S DISEASE o
BgFORESYMxA‘ TQ‘MJV‘UH{IM DIAN RERVE. P(—m
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FiG 35

Recordings of the volume pulse from afl of the fin ¢ s as well as the skin tempera
tures made from a white male age 47 with Raynaud s symptoms before and after

median nerve block at the wnst Note the markedly icreased volume pulse from
the first three fingers less ncrease in the fourth and no change in the fifth after the
median n rve dlock

(see Fig 36) Furthermore the arterial volume pulse responded to local
heat after this period as did the ones of the control hand  However arty
fictal fever induced with foreign protein did not produce tncreased artenal
solume pulse m the sympathectomused finger comparable to the ones scen
1n the control fineers of the other hand  Finally the patient showed no
chimical smprovement following the surgery
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This figure illustrates the change 1 the artenal volume pulse i the third finger of

the night band 10 a white female age with rheumatord arthniis  The recordings

before and after removal of the might superior cervical and first and second thoracic

sympathetic gangha Note that the volume pulse returned to its control level m 28
days

The artersal pulse from the fingers may be altered by cardiac lesions {see
Fig 33) This illustration indicates marked increase in the artenal volume
pulse before and after the application of local heat i a patient with high
grade aortic Also as m Fig 37 the arteral
volume pulse m the fingers 1n a patient with complete heart block shows
a more than normal amplitude as a result of the creased stroke output

-
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of the heart which compensates for the slow heart rate It 1s further 1n
creased after the apphication of local heat
Raynaud's Symptoms

In 1941'® a report of A Study of the Chmcal Mansfestations and
Results of Treatment of Twenty two Patients with Raynaud s Symptoms
confirmed the opmion of Hutchtnson * that what ts now known as Ray
naud s disease’ * * 15 not a chnical enuty and that the peripheral man:
festations observed are merely symptoms of a more fundamental discase
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Fio 37

This figure shows the effect of median nerve block on the finger volume pulse 1n a

patient with complete heart block  Note that the control finger volume changes are

about twtce normal  This 1s interpreted as being due to the increased stroke ovtput

of the heart to compensate for the slow heart rate  Medran nerve bk ck produced a

moderate wcreased amplitude of the pulse wave in the middle three fingers which
18 mterpreted as vasodilanion

Fuve of the patients 1ncluded in this study had surgery of the sympathetic
nenvous system without relief of symptoms It was indicated 1n the above
report that the symptoms may be caused by a passie vasoconstriction in
the fingers due to a sasodifitatton mn the palmar arch with diversion of
blood from the fingers This 1s contrary to the generally accepted esplans
ton that the svmptoms gre due to an active vasoconstriction of the digna)

artenes
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Since the above report was published seventy five addttion) patients
with Raynaud s symptoms have been studied In ten of the [atter s s
the arternal volume pulse at various levels m the entire upper extremt,
duning the digutal 1schemia was recorded

The followup on the orimal twenty two cases was carried on a Iorga
possible  All of the patients improved on medical management or lear: d
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Fic 38
The effects of removal of the stellate and second dorsal sympathene panglia on the
body temperature the skin temperatute of the third firger of both hands the pulse
and blood pressures The mght side was used for a cootrol Note that the body
temperature and pulse did not change that the skin of lh;
(hird finger of the left hand which was also true of the other fingers remame
elevated above that of ihe right hand and that the finger volume pulse mcreased
somewhat immediately following the operation but m J8 days rcturned to ther
control levels A simuar operation was fater d ne on the right side

to live with their condtion particularly when they were assured that they
were not going to lose their fingers The surgical cases did not do any
better than the pon surgical cases  One of the surgical cases stayed under
observation for eighteen years and another for ten years It 15 of interest
to note that the first case did not sweat n the sympathectomised areas for
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eighteen years after surgery None of the twenty two original cases or
seventy five g cases develor of the fingers other than
the shght flecking of tissues on the termmal phalanges seen on rare
occasions

It 1s of further mnterest to note that the increase of the arterial volume
pulse followng sympathectomy of the arm 1s only of short duration being
less than thirty five days 1n all cases as illustrated 1n Fies 38 and 39
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The effects of the preganglionic type of sympathetic operation in which the sympa

thetic chain was severed below the third thoracic on both stdes  Note that there were

no changes vascular or otherwise which persisted beyond the traumatic effects of
the surgery

Of the additional patients only threc were of unusual tnterest  Two were
female onc white and one colored with associated lupus erythematosts
In one male patient with gout the Raynauds symptoms cleared up
promptly on the control of the gout

Studies of the artertal volume pulse at various fovels 1 the arms as well
as in the fincers dunng the digrtal 1echermia s ten patients with Raynaud s
symptoms all gave consistent results namely the arterral solume pulse wds
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"RAYNAUDS SYNDROME ™
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Fio 40
A composite study of the recorded arterial blood pressure the minute arterial volume
pulses above the elbow and at the wrist and the pulse volume changes of the fingers
of the right arm 10 a white female age 33 duning an attack of Raynaud s symptoms
The recorded arterial blood pressure was 123/80 the minute arterial volume pufses
above the elbow 94 ml at the wnist 33 ml and in the fingers not measurable The
Ravnaud s svmptoms 1 the fingers were relieved by local heat The record shows
that the arteral circalation was normal in the arm ex opt o the fingers dunng an
attack of Reynaud & symptoms
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normal above the elbows and at the wnist during and after the attauk as
tllustrated 1n Fig 40 The details pertaining to the recording of the artersal
volume pulse at the clbow and at the wrst arc tncluded 1n the following
chapter

The significance of the above findings 1s obvious Surgery of the sym
pathetic nervous system designed to rebeve digital 1schema would have to
be hughly selective 1n order to sympathectomse the fingers only without
producing a sympathectomy of the whole arm

Were the latter to occur 1t might brng about a shunt of blood from the
fingers and possible aggravation of the Raynaud s symptoms

The onginal conclusions set forth wm the report published 1n 1941 are
correct as borne out by the poor results of surgery as well as by the add
tional experimental findings indicated above

Atherosclerosis Obliterans

A number of studies were made on patients with atherosclerosis obli
terans which 1nvolved the artenal circulation of the fingers  No artenial
volume pulse could be recorded from the fingers or toes when the oblitera
tion was complete  Studies of the artenal volume pulse elsewhere in the
extremities give more data as will be set forth 1n the following chapter

Buerger s Disease

Many cases have been referred to the author with the tentative diagnosis
of Buergers disease  Only two cases were proven by autopsy to have the
disease  The other cases were suffening from other arterial discases  Re
cordings of the artertal volume changes 1n the fingers and toes in one case
cited above are tllustrated n Fig 41 This pauent 15 of interest pnacipally
because a complete post mortem was carried out Al of the artenes of the
body showed the presence of the charactenstic artenal lesions  For the
post mortem study the author 1s indebted to Dr Edwin Hirsch of St Luke s
Hospital Chicago

Fio 41

Recordungs of the acterial volume pulse from the fingers and toes from a white male
aged 40 who had symptoms of occlustve artenial disease 1 hus fegs of cleven years
duration Thus case was proven to have Buerger s discasc at autopsy The very low
amplitudes or absent volume pulse 10 all of the fingers and large toes was not modi
fied by local heat or by median nerve block 1 the fingers  Also pormal skin tem
Pperatures exssted mn the presence of proven occlusive artenal disease 1n both legs and
arms These recordings illustrate the fact that occlusive artenial disease cannot be
yelieved by local heat or nerve block as 1s the case in funetional occlusive artenal
disease as illustrated m Fig 40
5



CHAPTER VI

THE RECORDING AND CALIBRATION OF THE
ARTERIAL VOLUME PULSE FROM ANYWHERE
IN THE EXTREMITIES, EXCEPT THE FINGERS
AND TOES

In Chapter HI the mportant relatonship between the artenal pressure
pulse the artersal volume pulse and the artenal blood pressure was indi
cated Also 1t was pointed out that the artenal pressure pulse and artertal
volume pulse had the same origin namely the emptying of blood from the
left ventricle 1nto an already distended elastic arterial system under pressure
This important relationship will become increasingly apparent in the fol

lowing presentation

Fic 4>
Recording of the arterial volume pulse and diastolic pressure in a one day old mfant
taken from the upper arm with a 6 cm cuff and § ml calibration In this case the
diastolic pressure was 50 mm Hg and the mnute artenal volume pulse was (6 3 mi

The objective of the procedure descnibed 1n this chapter 1s to record the
maximal arterial volume pulse which according to Marey s principle 2
1s at the diastolic pressure and to calibrate the arteral volume pulse to
volume per beat or per muniute and to correct these figures for avershoot
undershoot and runoff

The atrangement of the nstrument as used for this procedurc 15 shown
1 Fres 7and 28 The pichup mechamsm (Tycos Rewnforced Blood Pres
sure Cuff) 1s applied above the elbow tn the usual way  Howeser one of
{he emerging tubes 15 plugged and 1s not used and the other 15 connected
to the inflating bulb By means of a T tube a connection 1s made with the

58
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transmutting device of the Qscall and with the calib device (see
Fig 28)

As already indicated 1t 1s necessary to obtmin the maximal arterial
volume pulse 1n order to record the diastolic pressure  Recordings of one
or two artenial volume pulses at cuff pressures from 140 to 60 mm Hg are
made at 10 mm Hg increments as shown in Fig 29 To be certain that
one has the maximal arternial volume pulse calibrated recordings of the
artenal volume pulse at a cuff pressure 10 mm Hg above the estimated
maximal arterial volume pulse and at a cuff pressure 10 mm Hg below the
estimated maximal artersal volume pulse are made While making these
recordings a 1 ml volume change 1s ntroduced 1nto the system by depress
1ng the calibration device as shown 1n Fig 28

From the processed recording the following wnformation 1s obtained
the heart rate the crest ime the time of the diastolic slope the amplitude
of the artenal volume pulse 1n honzontal lines and the amplitude of 1 m}
volume change 1n honzontal mes  To convert the artenal volume pulse to
muililiters the number of intervals of the artenal volume pulse 15 divided
by the number of intervals of the 1 ml volume change which gives the
uncorrected arterial volume pulse 1n ml  This can be corrected for over
shoot undershoot and runoff by consulting Fig 24 for correction factor X
This 15 accurate within an error of 7 per cent for the volume of the arterial
volume pulse for heart rates of under 125 per minute  Further studses are
1n progress to improve this degree of accuracy

Although very Iitile work has been done on premature babies and infants
4 recording on an infant 15 shown 1n Fig 42

The Components of the Arterial Volume Pulse

The arterral volume pulse 1n the arms and legs exclustve of the fingers
and toes usually reveals three peaks as follows

(a) The first peak The first peak 15 always at the crest of the artenal
volume pulse when recorded at the level of the dustolic blood pressure
In certam types of patients such as some with zortic regurgitation complete
heart block and bundle branch block 1t 1s defimtely visible on the anacrotic
Limb of the artenal volume pulse when recordings are made with cuff pres
sures above the diastolic pressure as shown n Figs 43 and 44

1In other patients the first peak may be bunied mn the anacrotic imb Tt
1 2 consistent point of reference for determining the crest time of the
arteral volume pulse which has been recorded at the diastolic blood pres
sure  The crest time 15 measured from the beginmng of the upstroke of the
artenal volume pulse to the first peak

The normal Limats of the artenial volumc puls: n the adult cover a very
wide range depending on sex ndivid degree of physical
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Recordings of the artersal volume pulse made from above the right elbow «f a
colored male aged 49 with luetic aortic regurgstation and blood pressure of 160 50
The recordmgs iMlusirate studies on the genesis of the three peaks of the artenal
wolume pulse  Each recoed was taken with dsfferent pressitres i the pickup coff The
first peak is on the ascending hmb until the diastolic pressure 18 reached at which
pornt 1t is at the crest of the pulse wave This phenomena has been observed mainly
1n patsents with aortic regurgitalion and with bundle branch block as ilustrated m
Fig 44
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Fig 44

Recordings made from above the night cloow 1m a white male aged 67 with bundle

branch block and a blood pressure of 172/98 The position of the first peak 15 on

the ascending lmb untdl the diastolic pressure is reached as i the case illustrated 1n
Fig 43
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fitness and somewhat on age and body bulld  There are probably a great
many other factors The approumate range 15 listed below

Location Rance
Above the elbow 100-250 ml/min
At the wrist 40-125 ml/min
Above the hnee 125-250 ml/min
Below the knee 100-225 ml/min
At the ankle 40-125 ml/mun

The range ts given m mulhisters per minute because there seems to be 2
rectprocal effect between the beat volume and heart rate

(b) The second peak The second peak may be at the crest of the arterial
volume pulse when recordings are made above the duastolic blood pressute
It may be at the crest following the first peak by 008 sec when the record
mgs of the artersal volume pulse are made at the diastohc blood pressure
It may be on the dicrotic tmb when recordings of the arterral volume pulse
are made at or below the diastohc blood pressure as shown i Figs 43
and 44

t

ARTERIAL CIRCULATION 3 2/11(100)(122) =35 4 mfpzr minute CREST TIME 2 seconds
Fiu 45

Recordings of the arterial voluar pulse made above the rght elbow from a colored
male age 62 with a high grade calcihc aortic stenosts  our days after the recording
was made this diagnosts was onfirmed at autopsy The aortic valve at that ume
would only admut the head of a match Note the redaced arterial volume pulse 2%
well as the prolonged crest ume  The recorded diastohe pressuse was 90 mm Hg

(c) The tlurd peak The third peak 1s callcd the diastolic peak and s
preceded by the dustolic potch It 1s present on the dicrotic hmb of the
artenal volame pulse It also occurs when recordings of the yolume pulses
are made from cxpenmental models of the arterial circulation as shown
Fig 23 Itis apparently due to a reflected wave

1t would seem that one of the most important readings obtamned from
the recordings of the artenal volume pulse 15 a quantitative estymation of
the crest ime or time of rise of the artenal volume pulse  If this qu:lnma‘
e estimation 15 prolonged beyond 016 sec 1t usually means artena
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A composite study taken from a seventeen ycar old white mate who had a proved
coarctation of the aorta Preoperative studies indicated the hypertension m both arms
and 4n inability to obtaia an auscultatory blood pressure in the legs The recordings
from the arms are what one would expect in hypertensiy heart discase but the ampli
tude mn the Jeft arm was somewhat greater than in the right due to sn1tomical differences
observed at operation  The recocdings from the legs indicated that the blaod pressure
was at least 140 mm Hg or more despite the fact that the auscultatory blood pressurc
could not be ebtained This was partially verified at operation by paipating the distat
aorta  Also the recordings note a long crest time 1 the legs of approumately 0

seconds as compared with a normal of (-12 The amphtudes were also less thin
normal In a resection of the aorta done by Doctor John Reynolds the chest wnv
open for five hours The specimen 15 shown Recordings were taken duting the entire
surgieal procedure as well as at regular jntervals following the operation  The yeccrd
ings taken five days after the surgery from the arms were approxtmitely what one
would expect m hypertensive heart disease while those in the Ters hid refurned to
normal type of curve Furthermore the peripheral arteries in the leps ccull be pat
pated and the auscultatory blood pressure was found to be 200/130 n the rht kg

and 190/1.0 1 the left 1 g

pathology proumal to the site of recording or aorhc stenosts Ty will
be illustrated by studies of aortec stenosss coarctatton of the w0rt1 asymetrl
cal blood pressure and atherosclerosts obliterans  When the crest time is
longer than 016 seconds the Korotkov sounds for determning arferiil
blood pressure by the auscultatory method may not be 1n the normil ringe

of heaning and tactile discrimenatton 15 usually not sullicient (o pulpate the
o
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artenial puise although 1t can be demonstrated to b present by the usc of
the Oscillometer

High Grade Aortic Stenosts

A recording of the arterral volume pulse i a case of high grade aortic
stenosts 1s presented m Fig 45 and illustrates the prolonged crest time of
02 sec and the very low amplitude of the arterial volume pulse A post
mortem one week after the recording was made revealed a caletfic aortic
stenosts with an opeming 1n the aortic valve which would just adnut the
head of a match

. PRECPERATIVE

ABOVERG T s A5 uns

T vg s Moo
. Duilc N od By e

Fic 47
These recordings of the arterral blood pressure and the artertal volume pulsc of the
nght and Jeft arms and legs were made from a white male age 23 with co:xrrl:llm;
and hypoplasia of the zorta Note the high blood pressures in the arms as compare:
with the legs Also note the very short crest imes of the pulse wave in the arms :!
compared with the prolonged crest times in the legs The arteral volume pulse 1n the
Iegs was below the pormal values The dorsalis pedis and posterior trbral arterics were
not palpable

Coarctation of the dorta

A recording of the artersal volume pulse 1 a case of coarctation of the
aorta 15 presented m Fig 46 The figure shows the recordings o!{lh:
artenal volume pulse taken above the elbow and above the lm:eds l;cnlr'c
and after surgery  These recordings were made before the method of ca
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bration of astersal volume pubse was developed and unfortunately were not
caltbrated  However they do lustrate the pomis 1n question namely
blood pressures could not b obtamed in the legs by the auscultatory
method and the pulses could not be palpated  After surgery the blood
pressures could be obtawned by the auscultatory method m the legs and the
penpheral volumte pulses could be palpated  The crest times of the artertal
volume pufse 11 the legs was 024 sec before surgery and 016 sec after
sursery

Fic 48
The above recordings are simdar to those lustrated in Fig 47 sepeated eight days
tollowing corrective suspery for coarctation of the sorta Note from the recordimgs
from th fe,s the m reased blood pressure increased ariera volume pulee and fhe
decreased crest tiune  The dorsslis pedis and posterios tibat arterzes of both fegs
beeame palpable The results are aot as strking as (hose from the patient iflustrated
w0 Fig 46 probably because of the associated hypoplassa of the aorta

The treatment of coarctation of the aorta by surgery 15 not always so
successful stace the patsent muey also have @ hypoplasts of the sbdowunal
20rta i which the surgieal result may not be as effectne  Figs 47 and 48
iusirate such a case m a twenty three year old winte male  The projonged
crest imes 1 the artenal volume pulse from the legs both before and after
Surgety are apparent

Age and senous heart duesse have been contra ndications for the surgr
cal correction of coarctation of the aoria but the results of artenal volume
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pulse studies before and after surgery on a patient with both an aurculac
fibrrilation and coarctation of the aorta ate given below  Stnce the patient
had an auncular fibnlation the results are a rough approximation  The
patient was a white female aged fifty two

BEFORE SURGERY

Recorded Crest Artenial volume

blood pressure trme pulse—per minute
Above night elbow 145/90 o1 B ml
Above Jeft elbow 155/90 012 73ml
Above right knee 11780 07 ~9ml
Abovre left knee 104/80 076 23ml

AF1ER SURGIRY
5 days post operative

Above right elbow 138/80 010 103 m|
Above left elbow 139/90 o 83 mt
Above right knee 173/100 012 80ml
Above left knee 188/1°0 [ 92mi

ASYMMETRICAL BLOOD PRESSURE IN THE ARMS ™ 7]

PATIENT White male age §S STHFRMS lowe FUDINGS Biood presure igher in th night &/ 1321 in the bit Fighfarm beoges shan
Ry ) - AROVE LEST T18OW X
‘

200 peomma curs reess ax_1io 130 PROuma_ cut PILSIURE 10
Lm L,hﬁ"] . |
[ o R %z?ﬁj
Homa by SYSTOUC AP oy SriTa &
PASTOLC SLOOS PRESSILE Womm By DIATTOUC KO0 PRISUE! Hme
) \ AREE! j VLU A ad g
- _.:::““J.._.'\ X NA.“:AH,J,Q; ‘
vra Coc 3 T G e W Soirean o Tt et
E¥INete the prolomged crest tine 4nd smafler amount of drtenal crculznos W the left arm .

Fte 49
Recordings made from above the clbow 1n a white male aged 55 with a marked
dufference 1z blood pressure m the two arms  The blood pressure in the nght arm was
174/110 and 1n the left 118/110 Note the markedly increased amount of blood going
to the right arm as compared with the left Also the crest ime 1s mcreased in the Jeft
arm suggesting some degree af arterial occlusion to this arm  Also the right biceps
measured 31 ¢m in circumference while the Jeft measured 275 The most likely
diagnosis s that of a congenital defect in the Icft subclavian artery

Following surgery the penipheral arteries i the legs were easily palpable
and showed 2 normal crest ttime  This recording agan llustrates the ex
treme 1mportance of the crest time i indicating occlusne artental disease
procimal to the site of recording

In eight other unoperated children and young adults with coarclauon of
the sorta auscultatory blood pressures could not be obtained 1n the Jegs
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the penipheral arteries ta the legs could not be palpated and the average
crest tume 1n these exght cases was 0 26 sec as compared (o a normal range
of 8 08-0 16 sec

Asymmeteical Blaod Pressurc

The recordings presented 1a Fig 49 were tahen from 4 pautent who had
asymmetrical blood pressuse between the two arms probably due to 2 con
geantal defect 1n the left subck artery The show the marked
drff m blood p and the d crest tmes n the left arm
ndicating some artenal occlusion

Cardiar Condurong

Many of the cardiac arrythmias sre reflected 1 the recorduwgs of the
artenal volume pulse  Although the Johnson Recording Qsciltometer has
12 phice n the study of the effects of these arrythmuas on the ¢ircalation 1t
does not replace the electrocardtograph ssace the one measures the efectncal
component of cardiac activity and the other the mechamcal component
Each tnstrument hus uts place s the study of the cardiovascular system

Atherosclerosis Obliterans

The frequency with which atheroscierosts obliteraas occyrs and the
marked disebility which it produces particwlarly when the arienes supply
1ng the Yegs are mvolved makes this condton of spectal interest  Observa
Tions 1n the treatment of pattents with this condition are presented 1o the
followtng chapter Oue rilusteation showng occlusive attersal drsease from
s candition i one leg 15 presented n ths chapter  The stnking difference
beiween the diseased and the normal leg 15 apparent  The patieat was 4
siaty three year old white male with symptoms fiest of pauns m the nght
ip on walking and later of wtermuttent claudecation 1 the nght teg X
fays showed calcrom deposits s the abdominal aorta extending tnto the
fommon thac artertes Recordmgs of the arterss! blood pressure and
artenal volume pulse wn bath legs above the knee below the knee and at
the ankles are slustrated 1 Fig 50 The porats of interest 1 this case are
as follows {3} visuahzauon of artena) calcum deposits by X ray does not
necessarity mean occlustve artersial disease (2) the recorded bload pres
sures were 102/70 m the nght Jeg and 166/110 n the left log (3) the crest
umb of the artenal volume pulse 1n the nght leg was 028 sec and s the
Ieft leg D16 sec (4) the arterral volume pulse per nunute n the right Jeg
sbove the knee was 42 m} per munute and in the left leg 258 m! per minute
and (5) the dorsalis pedss and posterior nbal arteries were nat palpable
n the nght leg and were palpable 1 the left Jeg
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The upper section shows recordings of the systoltc blood pressure tn the legs “ote
the hypotenston in the right leg associated with occly ive artenal discase The lower
recordings were taken at the diastolic pressure above the knee below the hnee and

at the ankle
Cerrected Arter al 'V clume Pilise Fapressed i oulliliters
RIGHT LEC
D astolic Heart Crest Pubse vol
pressure rate um A chanpe
Above knee Wmm Hg 75 0.8 13 40
Below knee 60 75 0.3 13 60
At ankle 60 75 o8 132 17
LeFy Leg
Above knee i1 75 ol6 ag 580
Below knee 100 75 016 09 1680
At ankle 100 75 o6 09 &5

The difference betweer the legs 1s very apparent  The prolonged crest trmes and
the decreased munute arterral volume pul ¢s distal to occlusive artenal disease are
charactensuic  These changes are present (o an even greater degree in the three other
cases reported  This patient was chosen for slfustration simce he had a normal leg 1o
compare with one with acclusive artenal disease



CHAPTER VII

TREATMENT OF ATHEROSCLEROSIS OBLITERANS
WITH MASSAGE

INTERMITTENT cl.udication and rest pans or distress due to o lusve
artenal disease are now increastngly prevalent as a cause of varying d ,rees
of disability  The principal reason for this 1s probably extended lon ewity
but the tensions of modern hiving may also contnbute mportant factors
Although there are a number of condttions which lead to occlusne arteriai
disease of the legs with symptoms of ntermuttent claudication and rest
pams the most common cause 1s arteriosclerosts which includes arterto
sclerosis medalis and atherosclerosts obliterans

The physiol which produces the pains of intermitt nt
clzudication 1s not well understood but 1t 1s generally believed to be due to
1schemta of the 1volved muscles  The cause of the rest pains 1s even lss
well understood as these occur 1n the absence of contracting muscles  The
current theory 1s that the pamn of intermittent claudscation 15 related w
metabolic by product of contracting muscle P Factor  associated with
muscle anoxia  The work of Lewis®® a test book review by Best and
Taylor® and a review by Wesseler' ? summanzes the knowledge to date
on the subject

There are many treatments which have been recommended for this con
ditton  However the following statement 15 presented tn Wesseler s review
of the subject  There 1s today no effective measure for the treatment of
intermuttent claudscation that has gamned wide acceptance ~ Among the
drugs mvestigated Wesseler lists caluum vitamin E theobromine methyl
! depropanex  cytoch c hyr saline
solutton thiourall histamune and various sympatholytic agents  In adds
ton to the above Allen Barker and Hines® list thyroid extract and
estrogens  Among the aids 1n physical medicine Wesseler lists intermuttent
venous occlusion pavex and Buerger s exercises The surgical procedures
are 100 numerous to Iist Tobacco has been suspected and its discontinu
ance 1s thought to exert a favorable nfluence The author has made ex
tensive studes of the artenal blood pressure and the artenal volume pulse
before and after the use of tobacco However the results are not yet con
clusive because of the complex nature of the problem It 1s obvious that
©0 existing diseases such as polycythenma vera diabetes mellius and the
cologen discases should be brought under control

6
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One hesttates to add to so formidable a list of treatments ot itermettent
claudication and rest pains  Moreover discusston of treatments 1s not the
prumary purpose of this chapter which 1s rather mntended to present objec
tive and subjective data resulting from an experimental study on the use of
massage m the treatment of this condition

The objective data was obtaned by controlled senal oscillometric studses
and the subjective data by the clmical evaluation of the results of treatment
In the past oscillometry had limited usefulness because of the lack of pre
ciston 1n existing oscillometers as well as the lack of proper calibration of
the recordings  With the Johnson Recording Oscillometer 1t 1s now pos
sible to make comparative studies on patients over fong penods of time
pamlessly and without artenial puncture

Methods of Study

The pauents were non drabetic males with obliterating types of anterto
sclerosis  All had been under treatment and observatton for three or more
years The chncal details are givea w the case studies which follow

All of the recordings were made with the patient in the reclintng position
Patrents were required (0 tahe o 15 mun rest penod before each recording
This rest period was onigmally thought to be adequate but was later
revised

The arterial blood pressure was recorded in all four extremities by the
method outlined 1 Chapter IV The calibrated arterial volume pulse was
recorded in all four extremuties at vanous levels by the method outhned m
Chapter VI From these recordings as well as from other chinrcal and
Iaboratory observations the degree and Jocation of the arterial occlusions
were determined

In order to ascertain the 1immeduate effect of massage o control record
of the calibrated arterial volume pulse at both ankles was made before
treatment was nttiated  Massage was grven for 3 hr to one leg by means
of a hand massager weighing 2 1b and osciilating at 60 ¢/s 1n a carcular
motton over a dismcter of 4 mm diately after the massage the call
brated arterial volume pulse was azain recorded at the ankles for compan
son with the controls

Each patient was instructed to buy a hand massager and was trained to
gue his own massage for § hr by the clock duly for each leg or legs
affected The patent retuened once a month for follow up studies

The eff~cts of the pan of ntermuttent claudication on the corrected
minute arteral solume pulses was determmed by first makmg a control
recording at both ankles  The patient was then told to walk rapidly untl
he had the pam of wntermittent claudication and to return mmmediately for
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further recordsngs which were made dunmg the patn and after a ten and
tweaty minute rest pertod

In addstion fo the obgpective studies noted above the chinical condition
of the patient was evaluated from such subjective factors as the dsappear
ance of rest pains and mcreased walking tolerunce

The results of these studies are presented m separate case histortes for
cach patient and ate followed by a general discussion

Case Histories

Cased Mr B white mole age sixty three first complamned of pam
the hip on wallong 1 December 1953 Since 2 December 1954 after wall.
ing oge block he developed a pam n the nght calf which was seheved
by resting for L min A general physical exanunation was negalne except
for the right Yeg  The recorded srienal blood pressuses 18 the arms were
normal  The recorded artenal blood pressure n the nght feg was low
at 162/70 and n the feft feg normalf at 166/110 The arteral pulse was
normally paipable sa the arms and left leg while the femoral pophiteal
dorsabis pedis and postersor tbwl artery n the right leg could not be
palpated  The laboratory studies were within the norma! range except for
2 Xry of the abdommal aonta which seveshd calcsam depostts ex
tending mto both common shac arteries  Recordings of the artersul blood
pressure and artenal volume pulse at various Jesels 1 the legs are ilastra
tedinFig 50 The munute artersal volume pulses were corrected for ecrors
of overshoot undershoot and runoff with K abtatned from Fig 24 An
examination of Fig S0 reveals that the crest times at afl fevels from the
fght leg were prolonged 1o 028 sec while the crest tmes 8t off Jeveds
from the left leg were normat at ¢ 16 sec Also the corrected mnute artenal
yolume pulses were markedly decreased betng 42 ml above the knee 26 mi
below the knee and 177 mi at the ankle  On the left leg they were 258 mi
above the knee 168 ml below the knee and 825 mi at the ankle In the
Tefl leg these are within the normal sange

The immedtate efects of massage on the cortected runute astertal volume
Pulses were studied at the ankles by makmng control recordings  The nght
feg was massaged for one half hour A second set of recordings were made
which showed 1o sigmificant change over the conteo} secordings

The smmedtate and later effects of the pan of mternuttent claudication
Were studied by making control recordings of the corrected minute artersal
solume pulses at both ankles The patient was then required to walk
brskly until par developed and to return for a further recording which
Was made during the pun  The recordings were repeated after a ten and
twenty mumnte rest  The gastrocnemias muscle was flacd durng the pam
33 has been obsaryed by others  These recordings are Hustrated in Fig 51
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RIGHT AN¥LE LEFT ANKLE
o

Fio 51
Ths figure illustrates the effects of the pain of miermittent claudication on the cor
rected munute arterial volume pulses and the effects of 10 and 0 min rest after the
pamn

Corrected Minute Arterial Volume Pulses Expresied as ml

RIGHT ANKLE

Duastolic Heart Crest Pulse vol

pressure rae itme A change
Control 60 mm Hg 5 0.8 13 179ml
During pan Not measurable 00
After 10 min rest 60 75 028 132 342
After 20 mimn rest 80 75 028 132 415

LEFT ANKLE

Control 20 75 016 092 920
No pamn 90 75 016 092 mn2
After 10 min rest 90 75 016 092 632
After L0 min rest 100 75 016 092 M2

Note the complete absence of a measurable volume pulse during the pain of
iotermuttent claudication  Also the reactive hyperemus followrng a 10 and .0 min
rest period after the pam
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This tllustration shows that no artenial volume pulse was present during
the pamn but following a vest of 20 mun the minute artental volume pulses
creased approximately 250 per cent

The patient was nstructed to massage his right leg for one half hour by
the clock once a day and to return for study once a4 month which he did
farthfully

The corrected minute artenial volume pulses recorded at the ankles were
at first somewhat vanable since the patient did ot make any effort to walk
slowly while coming to the office  After the profound eflect of the pain of

1 was d d the patient was instructed to get
to the office with at litle effort as possible In the course of the vear on
this management the corrected minute arterial volume pulses approximately
douvbled The patient could then walk at a moderate rate indefrnitely with
out par while previous to this form of therapy walking one block brought
on pain

This case report illustrates (1) a relative hypotension 11 the nght leg
prolonged erest time of the arterial volume pubse decreased corrected
minute artenal volume pulses and dorsalis pedss and posterior tiial arteries
not palpable (2) a normat blood pressure 1n the left leg normal crest time
of the artenna] volume pulse normal corrected minute arterial volume pulscs
and palpable dorsahs pedis and postenior tibial artenies (3) no immediate
effects of myssage on the corrected munute arterral volume pulses (4) absent
artenal volume pulse during the pam of sntermuttent claudication with an
exaggerated response ten and twenty minutes after the pam (5) the cor
rected minute artersal volume pulses i the nght leg improved by over one
hundred Per cent in the course of a years treatment and (6) a marked 1m
Provement of walking tolerance duning the course of a years treatment
with massage

CASE2 Mr S a white male aged fifty five first came under observation
1 30 October 1954 with symptoms of of 2
¥ears duration  After walking about one half block the patient developed
calf pans 1n both Jegs but worse m the left leg  These pams disappeared
after resting about 1 mn and he could then walk another one half block
The general physical examination was negative except with reference to the
legs “The recorded artersal blood pressure was 126/80 mn the right arm
125/80 1n the left arm 107/60 1n the nght leg and 78/60 1n the left leg
€ attertal volume pulse 1n the arms was normally palpable and in the
s both femoral arteries were palpable while the dorsalis pedis and
Posenor tibial arterses could not be palpated in either leg  An X ray of
the abdomynal aorta showed calcium plaques while X rays of both legs
showed no evidence of caloum deposits 1 the course of the large arteries
Rmrdmgs of the corrected minute artenal volume pulses at various Jevels

6

leg;
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1n both legs showed prolonged crest times and low minute arterial volume
pulses mdicating occlusive arterial disease n both lcgs well above the knee
The immeduate effects of massage as well as the effects of the pan of inter
mittent claudication were the same as m Case | The patient was tramned
to massage hus legs with a portable massager and was told to massage each
leg 3 hr daily by the clock and to return once a month for observation
Objectively the patient did not mmprove as much as other patients as
the corrected minute arterial volume pulses increased only about fiftv per
cent over the imtial studies  This 1s attributed to the fact that the patient
could not take his massage as consstently as the other patients Subjectively
ke was markedly improved to the point where he could walk slowly for
about a mile without pain

The same comment applies to this patient as to Case 1 except that he
had occlusive artenal disease m both legs and that he did not show the
marked objective improvement

Cast 3 Mr J S white male aged sixty eight was first seen on 28
September 1954 with the following complaints (1) he had cramps mn the
left calf muscle at mght lasting as long as 15 min durmg which time he
sat up m bed and hung his leg i the dependent position and tubbed the
calf muscle to obtawn relief  Sometimes this gave him reltef and sometimes
it did not  The following day the calf muscle was sore  These symptoms
had occurred two or three times a night for 13-2 years (2) he developed
pain on walking short distances (3) he had a scaly rash which involved
the hands and forearms the left foot and foreleg and the face which had
been present since 1947 The apphcatton of omntments and about twenty
X ray treatments brought no relief (4) the night leg was amputated above
the knee with a pamful stump

The past history revealed the amputation of the right leg above the hnec
on 26 January 1951 for occlusive artenal disease and gangrene of the large
toe and foot The uncalibrated recordings of the arterial volume pulse
made at that time revealed severe occlusive artenal disease  There was
total absence of pulsations in the night leg  The pathological report 1ad
cated that the hinng of the popliteal artery showed marked fatty and fibrous
changes as well as atheromatous plaques  The posterior tibmal artery was
occluded for 3 or 4 cm and patent beyond this  The anterior tibial artery
was ¢ 1! d by fl yellow ath plaques  The
femoral vein showed no changes The Gulhian Barte syndrome was
present 1n February 1948 with temporary paralysis of the arms trunk and

legs

The essential findings of physical examination were as follows (i)
amputated right leg above the knee (2) a scaly rash involving the hand
forearms the left foot and foreleg and the face (3) left radtal ulnar
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dorsalis pedis and posterior tibal arteries were not palpable  Both fumoral
artenes were easily palpable

The recorded artenal blood pressure was as follows night arm 128/70
left arm 78/70 and left Jeg 107/80

The laboratory studies were negative except for a moderate hypo.hromic
anemta

The corrected minute arterial volume pulses 1n the arms and legs are as
follows

Crest TIME
CorrECTED MiNUTE
ARTERISL VOLUME PuLsts
Right Left Right Left
Above elbow 0 14sec 0. 4sec 155 mi 106 ml
At wrist a5 3 53mt 38 ml
Above knee 04 84ml
Below knee 0.4 22mt
At ankle 024 17 mi

One notes the prolonged crest times and reduced corrected munute arterial
volume pulses 1n the left arm and leg indicating occlusive artenal disease
n the left arm ang leg

The following dragnoses were made (1) occlustve artertal disease of the
left arm onginating above the elbow (2) occlusive arterial disease of the
Ieft ley, ongimating above the knee (3} amputation of the night leg above
the knee and (4) dermatitis of the hands and forearms the left foot and
foreleg and face secondary to 2 chronic nutnitional deficiency and (5) a
moderate hypochromic anemia

After a half hour massage to the left leg with a portable massager the
corrected minute artenal volume pulses were studied  No immedate effect
of massage was apparent as occurred i Case 1 and Case 2

The patient was traned to give his own massage to the left leg with a
portable massager 4 hr daily by the clock  He returned once a month for
observation Also he was given one ampule of Solu B with 1 ml of 20 ;g
lver extract 1ntra muscularly every other day

The corrected arterial volume pulse was determined at the left ankle
once a month  After a year the corrected mnute arterial volume pulses
improved from 12 to 20 ml per mnute  Subjectively the jerking symp
toms  disappeared 1n about 2 weeks the rest patns disappeared gradually
over the course of 2 months the dermatits completely disappeared 1n
six months and the walking folerance umproved to the extent that the
patient could walk as far as he wished without pain It must be remem
bered that the patient wore a prosthesss on his right leg which prevented
hts walking very fast
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The patient had been under treatment for a year before it was decided to
study the effects of intermuttent claudication pain on the attenal volume
pulse but pam could not be produced by having the patient walk for
fifteen minutes  The results of this study are as follows

LEFT ANKLE
Corrected munute
Crest time Artertal volume pulses
Contre! 024 sec 176ml
After walking 024 sec 4.ml
Aftec ten minute rest 024 sec 185mi

These figures arc somewhat musleading since there was a marked decrease
n the arternal volume pulse which was mn part compensated for by the 1n
creased heart rate  Note This patient died suddenly of heart fatlure 1n
November 1956

The same comments hold for this case as for Case I In addition ths
1s a proven case of at 1 bl Also the imy; 1 the
nutritional status may have had some bearing on the inprovement tn his
walking tolerance

Case 4 Mr T a white male aged seventy seven was first seen in April
1953 with symptoms of mtense tneling in both legs which to him were
indescnibable and which occurred at mght and were so severe that he could
not sleep He obtamned some relief from sitting up 1n bed with hus legs
horizontal  This distress had been present for 2 years and was more
severe i the left foot than i the nght  He also complamed of intermstient
claudication of 12 years duration and when first seen could not walk
more than one half block without resting  The latter symptoms were more
severe 1n the left leg than in the night  He also complained of a cold sensa
tron 1n his feet and the feet felt cold to the touch

The general physical examination was essentially negative except for the
legs The recorded artenal blood pressure was 150/90 1n the night arm
and 160790 1n the left while i the night leg, 1t was 112/90 and 115/90 1
the left The radial and ulnar arteries 1 both arms and femoral arteries
1n both legs were normally palpable while the dorsalis ped:s and postertor
tbial arteries could not be palpated 10 either kg

Laboratory studies were 1n the normal range ncluding X rays of the
abdominal aorfa and large artenes of the legs  There were no visible cal
cium deposits  The recorded munute arterial volume pulses were within
the normal range In the arms  The legs at vanous Ievels showed marked
mparment ndscating occlusive artenal diseasc above the knece i both
fegs Studtes of the corrected minute artenial volume pulses recorded at the
ankles showed no siguficant difference before and immedrately after one
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half hour massage with a portable hand massager The patient was in
structed to massage his legs with a portable hand massager § hr dutly per
feg  He preferred to have o masseur massage his legs three tumes 3 week
with the comventional method 2nd to use the hand massager as structed
on the other days  Recordings of the correctud minute artersal volume
pulses were made once & month for over 4 years und these figures were
about three times the onginal controls  The effects of the pa of inter
mattent claudication on the corrected minute artenal volume pulses were
studied 11 3 stmidar manner to those of Cases 1 and 2 and with simular
results  After two years of freatment with massage the recorded munule
atteral volume pulses taken at the ankles were approxmmately two and
ane half tmes greater than the ongmal control studies 1 15 of snterest
10 note that the crest times were 0 24 sec 1 the nght feg and 032 sec
theleft S the rest pasns disappeared 1 about one month
and walking tolerance increased from one half block to eight blocks without
pamm i year

The comments are essentsally the same as those ctted for Case | except
that thus patient had more pathology 1o both leps and the umprovement was
morg strikimg

Commients and Canclusions
The accuracy of the Johnson R ding Oscilk for the
artersal volume pulse was evaluated i Chapter VI Under the conditions
of these studies 1t was found to be accurate within 7 per cent In the
pauents mcluded sn this phase of the study the improvements i the re
corded volume pulse ranged from 200 to 300 per cent  Therefore the error
13 msigmficant by companison  The lag of the wstrument has been found
by expenment to be approumately 0004 sec which 1 msigmsficant and
non measurable as the mstrument 15 used
Climcally the amplitude and form of the pulse wave are important far
several reasons  The amphitude 1s important for the arteriat volume pulse
can be calibrated accurately to 002 mi mn volume change which can be
for b h and runoff and the value expressed
mml per beat or per aunute By this means the adequacy of the artenal
circulation at a particular site m the body can be estumated and compared
with future studies The form 1s smportant because 1t 18 related to crest
ime which can be ¢ with p Hats g ped beyond
16 sec 1t usually means occlusnve arierial disease proximal to the sie
of recording or high grade aorue stenosis
Detailed reports on four patients with occlusive artenal dssease were
presented  All showed a decrease 10 the amplitude of the artenaf volume
pulse as well as a change m form with prolonged crest umex from the

e
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affected extremittes On repeated examinations the results remaned fairly
constant within the hmits of phystological varrations

The value of massage in the presence of severe artenial occlusions has
occasionally been questioned on the grounds that it raises the metabol
requirements of the tissues and mght therefore be harmful to the patent
In the more than twenty patients included n this study no harmful effects
were apparent  On the contrary varymg degrees of subjective and objeutise
improvement were noted

No beneficial effects could be measured objectively after a single massiee
treatment although all patients reported subjective improvement Repeated
massage brought relief of rest pams or distress 1 about 1 month associa
ted with 1ncreased artersal volume pulse Further treatment led to imcreased
walking tolerance without pain as well as a doubling in the artersal volume
pulse 1n a year and a tripling of artenial volume pulse 1n a year and a half

Some n the d 1n eacly studies are thought to b
due to madequate control rest periods It was found later 1n the study that
the pain of mtermuttent claudication had a profound effect on the arteral
volume pulse During the patn no pulse could be measured which means
that 1t was less than 002 ml whilo after a rest of 10 and 20 mn there %45
a tremendous increase over the control level The explanation for this
mprovement 1s not clear [t may be due to the opening up of preformed
collaterals which are known anatomically to eust It does suzgest that
walking 1s beneficial to the patient

The cause for the progresstve and marked improvement 1n these
1s not known At first 1t was believed to be due (o the development of new
collateral circulation rather than to the release of spasm In pre exxsu‘mz
collaterals  The marked improvement in the recorded arteral volume pu 5;
shortly after the pain of intermuttent claudication indicates the existence :!
preformed collateral circulatson which 1s very important The r:!e.’xseJ
spasm 1n these vessels 1s a major factor although new collaterals may
slowly be developed

It has been noted by other nvesugators that of
spontaneous improvement 1n patients with mntermuttent
rest pains  This was not the case 1n the patients reporte
cases the condition was of long standing and of a progressite
patient Mr J S had already had one h.g amputated because &
curculatron

Very little 1s known concerning the relative ments of vanious l)l‘f‘“‘:{
massage  In this study a method was chosen which 1s appheable wh
home treatment of ambulatory patients  The instrument selected “sr;ulﬂ
m weight portable sturdy and has a frequency of 60 cfsmd “menﬂ
motion over a 4 mm circle  Possibly 4 comparative stady of mstr¥

patieats

n occasion there 15 ST
claudication 37
d herein as i
nature 0%
f ynadequaté
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may reveal one which 1s superior  The length of time of massage was also
arbitranly chosen as § hr per leg per day

With longevity ath 1 bl of the cxtremiues
wil become one of our major problems This conditton causes a great
deal of suffering on the part of the patient considerable disabality and
even Joss of Iimbs  For these reasons most patients are wilfing 10 muke
the sacriice 1n time and effort faithfully to carry out the prolonged treat
ment and to return for periodic checkups espectally since all patients
obtamed a large measure of relief even though subjective and objective
improvement was slow




CHAPTER VIII

THE ARTERIAL VOLUME PULSE FROM
THE HUMAN BRAIN

THE data on the artersal volume pulse of the human brain 15 of purely
dcademic interest and 1s presented solely as mtroduction to the discussion
of the artenal volume pulse of the intraorbital tissues with which 1t s
intimately related

The study of the brain was made principally on a patient with 2 brain
tumor which was surgically removed through a trephine hole 1n the shull
from which the artersal volume pulse could be recorded

In reference to the dyramics of the arterial circulation of the bram n
1783 Monro' " formulated the theory that since the cramum of the adult

TREGHT ARM 48OV ELIOW BLF 140/100 CYER LEFT TEMPORAL TREMINE HOLE -
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Recordings of the arterial volume pulse from a patient who had had a brain tumor
removed about one year before the records were taken Note tn the skull picture
the large trephine hole The scries of recordings on the left were obtamed from the
right arms above the elbow The blood pressure was 1407100 The series of recordings
taken over the trephune hole indicates that 1t look more than .00 mm Hg 10 neutrakize
the pulsatile arterral changes from the brain  The entirely different character of the
pulse wave may mdicate that the brain has some cushioming eflect upon the artenal
pulse volume

15 a ngid le box letely filled with ble contents
the quantity of blood contained within cannot change appreciably  This
work was supported by studies of hellie® 1n 1824 and 1s known as the
Monro-Kkellie doctrine  The latter study noted that changes n the volume
of any one of the three major components of the cramal cavity were com
pensated for by changes i the other two The Monro-Kellie doctrine 1s
not applicable to the cramum possessing defects such as trephine holes or
sn infants with open fontonelles

The results of this study on a patient with a trephine hote are presented

80
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because they do shed some light on the possible compensatory mechanism
in the altered artertal crrculation when a cranmal defect exsts

In the adult when the pulsations over the trephine hole are of consider
able magnitude the recordings are made from a 6 cm cuff wrapped around
the head over the trephune hole  The cuff 1s connected to the Oscillometer
tn the usual manner In an tnfant or child with open fontonelles the cap
sule descnibed for use on the ntraorbital tissues serves more effectively

The drastolic blood pressure can be determined as outlined in Chapter
IV and calibrated recordings of the arfersal volume pulse can then be
made as outhned 1n Chapter VI

Comparative studtes of the artenial volume pulse over the trephine hole
and m the nght arm show an entirely different contour s thustrated 1n
Fie 52 The diastolic pressure withi the brain and 1 the night arm were
the same at 100 mmn Hg An extra systole was recorded both from the
brain and from the right arm with a change 1n the base line

The results of this study show only the character of the artermal volume
pulse 1n the presence of a defective cranium which allows for an ncreased
amount of blood to enter the cramal cavity with cach heart beat 1f the
Monro-Kellie doctrine 1s correct 1n the intact cranum one would expect
the arteral pulse to be only longitudinal and not mainly transverse s seen
elsewhere m the body for example 1n the arms and legs  Vacodilitation
would not be possible unless one of the 1 d
m volume and conversely vasoconstriction could not take place unless the
volume of one or both of the intracramal components became greater tn
volume However as will be shown in Chapter IX The Artcnal Volume
Pulsé of the Intraorbital Tissues greater or smaller quantities of blood can
How through the brain with changes 1 the longitudinal volume pulse

At present the nature of the artenal volume pulse wave as recorded from
a patient with a trephme hole 1n the skull or in infants before the fon
tonelles are closed 1s only of academic snterest  However it may be that
a better understanding of the circulatory readjustments of the brain foliow
mg trepluming of the adult skull may lead to procedures decreasing the
surgtcal nisk to the patient  Furthermore a knowledge of the changes 1n
the circulatory system of the brain which occur between 1nfancy and adult
hood may also lead to an improved ding of the d
defects of the central nervous system  Suggested methods of study will be
indicated 1n the following chapter

In taking the artenal volume pulse over a trephine hole there 1s some
clement of danger In the case reported the recordings shown were taken
without mishap About 2 months later an attempt to fepeat the study
was made and the patient went 1nto a coma but recovered on release of
the pressure
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CHAPTER IX

THE ARTERIAL VOLUME PULSE FROM
THE INTRAORBITAL TISSULS

THE 1ntraorbital tissues of the human being have only one artenial blood
supply which 15 from the ophthalmic division of the 1nternal carotid artery®
Furthermore under normal conditions there 1s constderable evidence which
indicates that functionally at least there 1s no communication between the
two sides by way of the Circle of Willis® ©  However by special methods
in cerebral angiography the radiopaque material can be made to pass to
the contra lateral stde by way of the Circle of Willis  For this reason the
human eye 1s thought to be an deal site for recordings of a reflection of
the cerebral circulation  Although this may be tn part true for the record
g of minute artertal volume pulses 1t 1s not true for the dynamics of the
cerebral circulation because the intraorbual cavity 1s not a closed cavity
and the Monro-kellie doctrine as cited 1n the preceding chapter docs not
apply  All of the evidence indicates that the arterial volume pulse of the
ntraorbital tissue ts mamly transverse 1n nature and similar to that seen
elsewhere 1n the body with the exception of the adult sntracranial cavity
where because the tissues are not compressible 1t 1s maily longitudinal
n nature (see Chapter VIIE)  As will be shown Jater this 15 not always
the case and 1t 15 possible that this may be a contributing factor in the
genesis of some eye conditions

At present there are five methods listed for the study of the cerebral
arculation' ' These are (1) direct obscrvation of the retinal circulation
{2) ther ple me. of the of the exposed bran
surface or of the blood in the internal jugular vein (3) determinations of
the cerebral arter! oxygen @ m of the dis
placement of cercbrospinal fliid during obstruction of the internal jugular
vemn and (5) the use of the Fick principle 'The present study should pro
vide another method and because of 1ts symplicity accuracy and safety
should find a large field of usefulness

Of unusual nterest 1n this study are the many perplexing problems
observed for which no adequate explanation can be found in the literature
Nothing can be found in the hterature which even remotely resembles the
present study and for this reason it 1s difficult to correlate results with
statements appeanng 1n textbooks and pcnodlcals on the eye  The author
1s 1n private practice an internal medicine but has an nterest 1n the cye
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because its delicate structure often suggests Orgdnic and functional diseases
on;lhc body Furthermore impatred artertal cireulation to the intraorbitdl
ues might be classed as punpheral vascular disease Js 15 mpatred
curculation of the legs
co::ll];h;s ;mdybof the arterial volume pulse of the ntraorbttal tissues re
dnseaseg wn?l:e ch made on pormal patients on patients with cardisc
et ot Icar Lovascular disease with developmental differcnces of the
i l_;lcmon to the eye with intracramal conditons and with eye
o owever this report 1s contined almost exclusvely to a detatled
nption of the method of study with a few lustrative records

Fic 3
A photograph of the wstrument with the adaptar fof maktng recordings from the
A o o e temporal artery and the cranwm (1) The doubled chambered
capsule () stopcack from the infatng
Dvge (4) he bleeder stopeock (%) the outlet
Gevice (6) the cahibrating device with b oy 10
{9 the rescrvonr  (8) stopeock for adyustiag. the fecording droplet of al ohal (9} light

switcl

Construction of the Lepapment
The equipment used 1s the camera of the Oscillometer a double chamber
mckup capsule & pressure regulating mechamsm and a special metering
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device  The essentil features of this metening device are illustrated 1n
Fig, 53 and n the drawing 1n Fig 54 The construction of the equipment
1s fully described 1n the legends for the above 1llustrations

The camera 15 the same as that described 1n Chapter 1 The double
chamber prekup capsule 1s one supplied by the Cambndge Instrument Com
pany The glycenme filled chamber has been removed and 2 specially
constructed capsule inserted (see Fig 53~1) This rubber chamber 1s of
the same dtmenstons as the Cambridge Instrument Chamber but the rubber
dam 15 of 02 mm thickness and has an outlet so that water can be mnjected
into this chamber under known pressure from the regulator For con
vemence a metal stopcock has been fastened to the back of the metal
portion of the Cambridge Instrument capsule one end of which 1s con
nected to the rubber chamber and the other to the metering device (seo

Fiu 54
A machine drawing of the metering device which accurately delivers 1 ml volume

2, rod (3)

change at will by merely depressing the planger (1) The knob (2} piston

upper body (4} lower body (5) retaining collar (6) compression spring (7) teflon
collar (83 taper jomt

Fig 53-6) The second chamber of the capsule 1s connected to the record
ing tube of the Oscillometer

The regulating mechamsm consists of a glass tube 42 mm n taternal
diameter and 8 5 cm long, (see Fig 53-7) It has four outlets each with a
glass stopcock connected as follows The top center stopcock {see Fig
53-3) 1s convected to a Tycos Pressure Gauge  The night upper stopeock
(see Fig 53-2)1s connected to an inflating bulb a third top outlet ;m:
Fig 53-4) 1s connected 1o a bleeder tube and a fourth outlet (sce:r \;f
§3-5) 15 at the bottom of the tube and 15 connected to onc side ol ¢
me erme device by means of transparent plastic tubing By using trans



ARTERIAL VOLUML PULSI TROM INTRAORBITAL TioSUI S &S

parent tubing 1t 15 possible at all times to se¢ that no air 1s comtamned 1
the bydraulic system
no-l:';sgrﬂioerllc?e!cnng device had to be spectally constructed beeause
defiver Of ml Ing equipment could be found which would accurately
makes 1t po;;,h:;s required  The device also has a tapertd jomnt which
wpped e O © lOdrcmovc the essential mechamsm for nspection for
by means of “:e end of the metering device 1s connected o the regulator
end 15 ¢ nsparent plastic tubing as indicated above and the other
onnected to the spewial rubber capsule so thit  any tme the

]

il sty g
Pt P PN T AT L I T A
bRt jaewety” —  ylgail el gl g dd)

e s ] \ Sl i R e it
Rty e A TR R e ]

T T SR o 1
e e

P i3 TTETrT e
Bodel eRbiimen rmesmiiee DR MR S BT R RPN
A S I W TR RRES B Gttt St

R N S MM UTWMPAR AR MR

=
LI T TR AR

FiG 55

This figure ylfustrates the effects of changing the center of sravity ol the capsule n
the Volume recording from the tnner chamb r of the capsule Th capsule was held
1 with the back side down returned {0 the

Yertical posiion tipped horizontal with its front sid dwn and then returned (@ the
vertical position The volume change with each change of positian was approximately
003 10 004 mt

volume of the capsule can be mereased by exactly 01 ml of flusd by de
pressing the plunger of the metenng device Likewise the volume can be
decreased by exactly 01 ml by releasing the plunger

The combination of the metermg device the rubber capsule and the
connecting transparent tubing are fll~d with water 10 such a way that when
the lower stopcock on the regulator 1s shut a closed hydraulic system 1s
formed The glass chamber acts @5 3 teservour for water It should be
emphasized that the entire h 15 d 1o a very fine tol
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FProcedure for Recording
The procedure for making recordings of the arterinl diastolic pressure

ts as follows

1 The patient sits erect 1n a chair and 1s told to hold his head n the

same position while the recordings are being made The centre of gravity
of the pickup capsule 18 thereby mamntamned The recording can also be
made when the patient 1s reclimng  Fig 55 illustrates the effect of
changing the center of gravity of the pickup capsule by hiting it onc way
or the other
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This photopraph shows the wstrument arphed to a
subject for recording from the ntraorbital tissues

2 The deflated pichup capstle 1s appited over the traorbrat tissues
snugly 1s shown in Fip 56

3 Asillustrated 10 Frg 53 the metal stopeock on the prchup capsule
() 15 10 the open position the elass stopcock {2) attached o the inflating
bulb 15 open the alass stopuoch 10 the pressure gauge (3) 15 open the
glass stopeoch to the bleeder captllary ()15 closed the glass stopcoch ‘::)
10 the meterng device (6} 1s open and the stopeock (o the recarduag 1o
8) 15 opent
¢ )4 /?cdmpIct of 95 per cent alcohol of 2 volume of spprosmately
003 ml 1s placed in the recordng tube
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Recordings of the arterial volume pulse from the intraorbital tissues mad  fram 1
normal white male age 6. with no demonstrable eye pathology The upper record
Ing 15 of a single pulse wave at capsule pressures from 1 0 to €0 mm Mg at
10 mm Hg imtervals The pulse wave of maximum amphtude i1 recorded at 3 (o
100 mm Hg which 1s the diastolic blood pressure  Calibrated rece rdingy were then
made at 110 100 90 and 80 mm Hg uung a calibration of 01 ml  Ihe miximal
intenal volume pulse in thus case was found fo be at a dustolic pressure of JU mm
Hg and equalled 0069 ml per heart heat
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Tio 58
Recordings of the mtraorbital artenal volume pulse fiom the nght side made at
yarious capsular pressures from a whit male age 7. with no obvious cardiac or
ntraorbital pathology The results are as follows
Intraorbual Artersal ¥ olume Pulse

“Capsle | Ampluwde Calbrauon  Heart  Beat Minute
Pressure ml olml rate vefume volume
90mm Hg 012 5085 68 0153 m 104 mt
80 mm Hg 0145 007 68 0204 ml 141 ml
70 mm Hg 009 007 68 01 8ml 27ml

The greatest volume amplitude 15 at 80 mm Hg which according to Marey s Pn
ciple 1s the duastolic pressure The munute arterial intraotbital volume pulses m this
case are about twice the average normal obtuined 1n other patients No explanation

Is offered
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5 The pickup capswe 15 siowry inflated with water from the ro ervolr
(M untit a pressure of 120 mm Hg 15 reached

6 The droplet of 95 per cent alcohol 1s adjusted for rucording and
the stopcock (8) 1s closed

7 The illumination 1s turned on with swatch (9)

8  Recordings of two artenal volume pulses are made at pressures of
120 110 100 90 80 70 and 60 mm Hg These pressures are abtuned
by means of opening and closing the bleeder stop.ock (4) as required

9 The pickup capsule 1s completely deflated by leaving the bleeder
stopcock (4) open

10 The exposed tracing 15 developed

Il The developed tracing 1s examined wet and the disiohe pressure
15 obtained by determiming the pressure at which the maumum amplitude
of the pulse wave 15 recorded

The procedure for calibrating the artenial volume pulse 1s a8 follows
I The method for making these recordings 1s the same s for takin,
the dustolic pressure except that recordimgs are made 10 mm Hg above
the predetermined diastolic pressure at the diastolic pressure and 10 mm
Hg below the diastolic pressure  While making the recordings the glass
stopeock to the metering device (5) 13 closed
2 Three beats are recorded the metermg device 1s depressed while
recording three more beats and then refeased while rucording three more
s
3 The exposed tracing s then developed
In recording the wink reflexes the panent 1s ¢
1s recorded supersmposed on the pulse wave
for only 4 single beat
No effort has been made to study the effect of rotation of the cyebull on
the recordings but thys should present no problem

old to wink and this reflex
It modifies the pulse wave

Results

Although recordings of the intraorbital
the head 1n any position 1t 15 necessary 10 keep the head 1n a fixed position
dunng any given recording  Otherwise an error will be mtroduced from
the effects of gravity on the capsule and thus alter the base hine  This effect
18 lustrated 1n Fig 55 Movement of the orbital contents forward or back
ward by moving the head forward or backward might also occur but this
expeniment has not been done

The dustole blood pressure 1 normal sndivrduals has been found to

average 100-110 mm Hg as shown m Fig 57 , (,—"—

volume pulse can be made with
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Recordings of the rtraorbital volume puls from the nght side made on a white
male aged 68 who had a history of a coronary occlusion 8 years previous These

of the ek ard the volume pulse were mrde en
the patient when he had an acute attack of shortness of breath The miial disturb
ance of cardiac rhythm was Jnterpreted as an auricular fibrillaion from the abose
electrocardiogram  There were continuous changes i rhythm as iltustrated by the
recordmgs of the intraorbital volume pulse It ts of interest to note that although
the bear ampliude ot the mtraorbital artenial volume pulse was below nrormal during
the auricular fibrillanon or 005 ml the mraute artenal volume pulses were in the
norma! range or 77 ml as shown in the upper left hand illustratron  In the suc
ceeding recordings note the profound changes in the artersal volume pulse with the
cbanging rhythms whih were not felt by the pauent in the eye  Note the wink reflex
1 the lower recording which takes only 02 sec It has been estimated that any
change 1n the rate rhythm or stroke output of the heart 1s reflected into the orbital

tissues withtn 004 sec

The normal artertal volume pulse taken at the duastolic pressure 1s 10 the
range of 007 ml us shown in Fig 57 However normal recordings may
give values well above this as shown 1n Fig 58 and wcll below ths This
ndicates that the normal value covers a wide range

The form of the artenal volume pulse shows wide vanations 1n both crest
times as well as supennmposed notchs as ilustrated n Figs 57 throueh 65

The arteral volume pulse ts modified by any change m cardise rate
rhythm and stroke output as dllustrated i Fig 59  Equipment 15 being
constructed to determine the time required for any cardiac chanze o be



ARTERIAL VOLUML PULSE FROM INTRAORBITAL TISSUES 91

- HYPERTENSION
CASE }
€ P 130mm Hy
'

=) .3::&;.:—.:...._- D

el
T A W
S PO,

e

oL s ek e T

e e o e S 3 S ot S e e,
B e emc e

Fic 60

Recordings of the mtraorbilaj volume pulse made from three patients with various
degrees of hyperten jon without evidence of diabetss or kidney disease  Case 115 2
white male age 68 without eye symptoms but with an auscultatory blood pressure
m the right arm of .50/130 The munute arteral volume pulses from the neht eye
are 0045/008(63)=3 5 mi Case 15 from 4 white male age &0 with a high degree
of myopa requinmg correstive lenses of 7 diopters Also the patient has had a
retnal detachment 1n the Jeft eye The auscultatory blood pressure i the right arm
was 160/110 The orbital minute artenial volume pulses were 003/0 08(83)=31 mi
Case 3 15 from a white female age 44 with a right sided hermplegia with some
residual loss of function The auscultatory blood pressure 1n th mnght arm was
190/80 The orbital minute arterial volume pulses were 004/0 09(75)=3 3 ml Note
that the minute arterial volume pulses in all three cases are about one half the average

normal

I
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recorded tn the orbutal tissues but avalable evidence indicates that this
occurs 1n less than 004 sec

Several recordings of the arterral volume pulse from patients with £r0ss
artenal lestons elsewhere 1n the body or with severe hypertensive cardio
vascular disease are presented m Figs 60 and 61

Ocular conditions may or may not modify the recordings of the mtra
orbual volume pulse  Fig 62 illustrates the recordings from a patient with
homonomous hemnopsia 1n one eye and an artificial eve in the other
socket Recordings on a number of pattents with glaucoma are illustrated
wm Fig 63 Fig 64 illustrates recordiags on a patient with prgmentary
degeneration of the retina

The recording of the intraorbual volume pulse may be markedly modified
by stmple phystological procedures such as taking a forced insptration as
illustrated 1 Fig 65

Conunents and Conclusions
This study of the arterial volume pulse of the intraorbital nussues has
raised many interesting questions the first and most important of which s
its relationship to the artenial crrculation of the intraorbital tssues It s
the opnion of the author that what 1s recorded 15 a volume pufse which 1s
caltbrated to a fixed induced volume chanse and not a pressure pulse
The same reasoning applies s that set forth 1n Chapter HI on the differ
ence between the volume and the pressure pulses
The mportance of the subject 1s set forth by Duke Elder?  as follows
There are few questions 1n the whole of ophthalmology more important and
more fundamental than the physiology of the vascular circulation Mot only
must thes form the only logical basts of a rational understanding of the pathology
of many ocular diseases but inismuch as the enlire metabohsm of the €¢
depends primanly upon 1t a clear understanding of the problems winch it pre
sents 1s of paramount importance tn the physiology of this organ
Although this study 15 not concerned specifically with the eyeball atself
the recording, of the artertal volume pulse of the intraorbital tissues may
provide valuable mformation concerning the circulation of the eyebalt
The artertal volume pulse of the intraorbital tissues 15 4 compostic of
(1) the action of the heart (2) the dynamics of the pulse wave itsclf as 1t
Jeaves the heart as 1t 1s modified n 1ts passage through the mntcrnat carotsd
artery and uts reversion partly or wholly to its original form (3) develop
mental differences 1 the internal carotid and ophthalmic artenies (4) 1ntra
cranil conditions (5) discases of the arteries themselves (6) diseases of
the intraorbutal uissues including the eye and (7) elasticity of the bony ro0f
of the orbit  This indicates the complex nature of the subject
A brief discusston of the sensttivity of the mstrument used for makmng
these recordings 15 1 order  The Johnson Recording Osciifometer as
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Fic 61

Recordings mafe of the intraorbital arterial vclume pulse from four patients with
cardiac arrythmtas which illustrate that changes of cardiac rate thythm and stroke
output are reflected nto the recordings This ts thought to occur in less than 004
sec  Case was made from the right troarbital nssues from a white female
age 60 wnh a chromc auricular fibnllation and an associated diabetes mellitus Case
7 was made from a white female 1,ed > with paroxysmal auricular fibnillation
Cases 1 and llustrate the fact that cardiac changes associated with auricular fibrit
fation are recorded in the mtraorbital tissues Case 3 was made from a white male
age 70 with evidence of myoc rdial damage bundle branch block and congestive
heart fatdure The piuent had a swaus mechamsm with the exception of frequent
premature ventncular contractions Case 4 was made from a white male age 65 with
gout occlusive arterial disease of the leps hypertensiv cardiovascular disease evi
dence of myocardial damage but with a sinus mechanism with an occasianal prema
ture ventricular contraction  Cases 3 and 4 illustrate the fact that the premature
ventricular contractions are reflected mte the recordings of the arterial volume pulse
of the mtraorbital tissues



94 THE JOHNSON RLCORDING OSCILLOMETIR

r T CRightOrbeTT T T A

v
chg‘;;ulgl’ressu;e‘fooam Hg

L5 (220 51 i L i
[
AR Rt LIS e Lt il o o,
Ry ST TYoe SR EARO LY 15T AT NS g3t 2 ISRt YA G
PO/ T RO T SO D N S0 YR Y Bt ooy e RTINS
ST R AT D e ERI MM e e e R

Left Orbit

Capsule Pressure 100mm Hg

T SRR 27 THEeL
ZmgEmmnity S sy o]

B A R T o e
= e BN T e e
o e A 7 R TS () Vlwﬂimmgmggm

B G

EEEESE
il

frais)

1T e L7l T W T A
= PRt in] { (W NALTE LTS 3 W AN Rt e
5 e = 2 v et = S
R W 25 200 N 57T, VA TR Mg T
LY, RIS T N 0 T i T R L N

=T aEaN
N S R B 1 1 AL ) N,
P e e T T S ST
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made from the 1 tissue of a white male age 66 wha had a
history of acute glaucoma of eight years duration in the left eye for whih 20
iridectomy had been done  This m turn was followed by an enuclcation of the 1:2
eye At present the patient has an artificial eye has hypertension of 1607106 an
evidence of myocardial damage The right eye has a homonymous hemianopsia M;
mtracranial lesion could be found Th arenal volume pulse of the intraorbital
ussues of the nght side are 0035/009 or 0039 ml and the mmute artenal volume
pulses 29 mil  The arterial volume pulse of the intraorbital tissues of the lel; e):
plus the aruficial glass eye 1s 0035/009 or 0039 ml ard the minute arterial \o:mh
ulses 29_ ml The diastolic pressure was determined to be 100 mm Hg at » x‘
pressur these recordings were made  These results are presented without commen
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Fiu 6%
Recordings of the ntraorbital artensi volume pulse of two patients with glaucoma
Case 1 15 2 white male ape 68 with 2 diabetes mellitus evidence of myocardsal
damage with angiaa amputation of the right arm at the showlder and glancoma
The patient was using drops i the night eye aad had had an indectomy 1 the fefs
&ve the previous vear The recordings were made st the diastols pressure of jo0
mm Hg The minute arteral volume pulses of e right eve were 0 085 10195 55)=
725 mi The tunute artenat volume puises m the et eye were 60410 00175)~3 3
ml Comment The ampwaton of the right arm at the shoulder may have some
beanng on the marked discrepancy i the recordings Case  a white female ape
44 with a muld thyrotoxico 15, and a tustory of biatersl cute glsucoma of twenty
years Suranon fcr whish a bifateral ndectomy had been done  The recording shown
was made st the dmastohe pres we of 1he ntraorbial artenal system which was
100 mm Hg The mnue artenal volume pulses of the intraorbita) tissues were
00°,0085T8)= 1" mi Contrast this extremely § w value with some of the 6 srmal

recordings

v
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adapted to the ntraorbital hssues provides a precision method for record
g calibrating and timing rapidly recurring volume changes  The re
cording 1s accurate to & change 1n volume of fess than 0002 m] will
respond to rates of over 1000 per munute and has virtually no overshoot
or undershoot  The nfluence of runoff has not been deternmned
Although extensive studies have not been made 1t would seem that the
normal arterial volume pulse from the adult 15 close 1o 007 m} plus or
mnus 20 per cent  There are a few individuals with values far 1n excess

Right Orbut

Capw! Pesu 100mm Hg

Fic 64
Recordin s of the intraorbital artenal volume pubs of the r ht and 1eft eyes mad
from a white male age 56 w1 h diabetes mellitus and a diffuse pigmentary renmbs
of both eyes The m nute artersal volume pulses of the right mtraorbital ussues are
013/010(56)=7 3 ml per minute and of the left 010/0 10(36) 56 m) The fasting
blood sugar in this pat ent was 60 on two occasions

of this and muny apparently norma) subjects with normal vision with
values far below this  One might say that the latter subjects have ks than
normal  oculsr reserve  and may present Symptoms under stress

Most subjects do not complain of pamn while the recordings are bemng
made but there are a few who do complan of pun which may or mdy not

dficant

be';}lagend‘ismhc blood pressure of the intraorbital arteries 15 hugher n this
study than 15 reported by Adier  for the eycbald
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ded d

The wink reflex has lly been 1 to the study
The timing of the wink reflex as aited by Adler' # 15 36-04 sec In thus
study 1t has umformly been less than 02 sec

No attempt has been made to measure the effects of reflex constriction
or dilation of the pupil or ocular movements on the intraorbital volume
but this should be possible with this equipment

Tt should be mentioned before closing this discussion that the bones of
the skull have elasticity as discussed 1n Chapter XI und the bony roof of
the orbit 15 very thin and may move considerably with pressure changes
within the cramal vault If this occurs it would markedly modify the
recordings obtained from the intraorbital tissues and explain some of the
unusual results observed m this study  Further studies are 1n progress on
this subject

Fig 65

Recordings of the mtraorbital arterial volum pulse from a white male age 52 which
show the effects of a forced inspiration pos ible recession of the mtraorbital tissues
or a decrease m the average radis of the cranum A control study was made with
a tapsule pressure of 100 mm Hg  Note the heart rate of 83 and the artenal volume
pulse of 003 ml  On deep mspiration the heart rate slowed to 63 the arterial volume
pulse mcreased to 07 m} and the base line moved down by 005 ml  On release of
the forced nspiration the heart rate returned to 83 nd the arterial volume pulse
decreased to 0038 ml Computations ndicate that the average radius of the cranium
decreased by 47 u dunng the deep mspiration The record also mdicates the fact
that chan es in the ca diovascular status are immeduately reflected into the mtra
orbital tissues Three wink reflexes are recorded which took 07sec each A
comparable record taken over the forehead 15 iliustrated i Fig 71

This me hod of recording the arterial volume pulse may not have im
mediate chinieal apphcation 1 ophthalmology but 1t does open up a new
avenue for the study of the various unsolved problems 1n the physiology of
the eye with particular reference to movements of the eyeball and the
circulation of the intraorbital tissues some of which are as follows

1 The possible movement of the eyeball during reflex constriction of

the puptl

2 The posstble movement of the eyeball during accommodation

3 The efiects of blood pressure on the intraorbital circulation
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4 The effects of sympathetic block on the intraorbital crrculation

5 The effects of drugs on movements of the eyeball and the mtraorbital
circulation

6 The effects of ocular discases on the ntraorbital arculation

7 The effects of metabolic diseases on the ntraorbital crreulation

Further work 15 1n progress on the devel of d

for the analysis of the complex intraorbital arterial wolumc pulse with the
objective of gaining a better understanding of the genesis and nature of
diseases of the orbit which are related to the circulation



CHAPTER X

THE ARTERIAL VOLUME PULSE FROM 1HL
TEMPORAL ARTERY

‘THE arterral volume pulse from the temporal artery 15 important because
of 1ts relationship to the external carotid arfery just as the ophthalme
artery is important because of ifs relationshtp to the miernal carotid artery
The two together are mportant because of their relationship to the Lommon
carond artery

It would seem that much useful information can be obtained from a study
of the arternal volume pulse of the temporal astery and ntraorbital tissues
In relatton to congental defects developmental defects acquired disease
and the normal circulation of the mtraorbital contents bratn and temparal
artery

A combined study of the artenal volume pube of the intraorbital tissues
as well as of the temporal artery provides data which could not b
obtaned by a study of one or the other alone

A description of the method of making recordings from the temporal
artery js presented without much comment since the studies are pot sufli
ctent to afford a basts for defimte conclusions

Method of Recording

The same eq 1 used as 1 ding the artertal volume pulse
from the intraorbital tissues  The capsule 1s placed over the temporal
artery 1 front of the ear as illustrated 1 Fig 66 A recording of one or
two volume pulses 15 made at lar pressures b with
140 mm Hg and at decreasing ntervals of 10 mm Hg down to 60 mm Hg
The recording 1s developed and the arterial pulse wave of greatest amph
tude tndicates the diastohic pressure according to Marey s Principle (Chap
ter IV) Caltbrated recordings are then made at pressures 10 mm Hg
above the diastolic pressure at the diastolic pressure and 10 mm Hg below
the diastolic pressure as in recording the mtraorbital arterzal volume pulse

Results and Conuments

The results of the studies of the artersal volume pulse from the temporal
artertes differ somewhat from results of the studes of the arterna) volume
pulse 1n the extremittes m that the end pornt 1s not sharp  Therefore 1t 15
not as easy 10 determine the drastohc pressure in the temporal artery by

99
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means of Mareys Principle  This 1s clearly indicated 1n Fig 67 which
Hllustrates recordings of the arteriai volume pulse of the right temporal
artery at capsule pressure of 10 mm Hg intervals from 120 mm Hg to 60
mm Hg  The calibration which 1s 1llustrated by the change 1n base line
1501 ml

Another interesting factor 1n this study 1s the marked varnation of the
artenal volume pulse from the temporal dartery tn different subjects both
with regard to form and volume This 55 Mustrated 1n Fig 67

Fic 66

The method of applying the capsule for recosding the artérial volume pulse from the
temporal artery

Swace the temporal actery 1s a branch of the external caroud artery re
cordings from this artery will provide some data concermng the patency
and the degree of development of the external carotid artery as comp.xrcj
with the degrev of development of the internal carotid artery as recorde
from the mtraorbstal tissues described n the preceding chapter .

The end poimt for determiming the diastolic pressure 1n the tempor
artery 15 not sharp as 1t 1s i the arms  The rather high dlas(ohchprc(s;u:ca
of the temporal artertes and the intraorbital arteries suegests lhat zu
ruight be some auxiliary blood pressure regulating mechanism to the v(aswa
lar system of the head However the work done i this area

fraementary 10 Jushify any posinve conclusion
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“This figure (Hustrates the procedure for determining the drastohe dood pressun ove
ihe temposal artery as well as abtaimng cabibrated recordings of the arteral volume
pulse over the temporal artery  The upper porhion shows recordings of single votume
pulse waves at capsule pressures from 1 0 10 60 rom Hg T he maximum otume pulse
15 recorded 2t 7O mm Hp which 15 the dwstolic blood pressure  Calibrated artersat
volume pulses are then recorded st this pressure gad ac 10 mm NHg above and 10
mm Hg below ttus pressure in order to be certan of obtamag recosdings of the
maumal arterial votume pubse  Note from the record that the maxsmal arterial
volume pulse was recorded at 70 mm He and gave a value for the mipute artenal
votume pulses of 960 mf



CHAPTER XI

THE ARTERIAL VOLUME PULSE TAKEN OVER
THE FOREHEAD

THE present chapter 15 concerned with a descniption of making timed
calibrated arterial volume pulse recordings from over the forchead These
recordings may be of only acadennc iaterest but future studies may lead
to an improved understanding of the significance of this method for a better
interpretation of the sntraorbital arterial volume pulse as presented n
Chapter 1X In the imtial studies 11 was believed that these recordings
were from the artertal bed of the skin and subcutaneous tissues but certain
variations mn the recordings could not be explatned on the busis of known
physiological principles  This study therefore may shed light on the
degree of accuracy of the Monro-Kkellte doctnine

Mecithod of Recording
The equipment used 1s the same as that for recording the arterial volume
pulse from the intraorbital tissues and the temporal artery  The record

Fio 68

he capsule [ r making
This figure tlustrates the procedure for 2pplying 1
' u-surdlng‘ »f the artenal volume pube from over the forehesd
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ngs can be made from anywhere over the cranium but for 1llustration the
forehead 1s used as shown in Fig 68 The recordings can be made with
the head 1 almost any position but all of the studies herein reported were
made with the pattent siting upnight

The patient sits comfortably 1n a chair and the pichup capsule 1s applied
snugly to the forehead as shown 1 Fig 68 Semal recordings of a singls

Capaule Pr ssurs - a Py

Fic 69
Recordmys of the arterial volume pulse taken over the forehead from a white male
age 56 with a history of untreated diabetis mellitus of twelve years duration The
ntraorbital recordings are iilustrated m Fig 64 The patient has an assocrated dffuse
pigmentary retnitis Recordings of single pulse waves were made with capsule pres
sures from 160 mm Hg to 60 mm Hg Note that there 1s very lttle difference tn the
amplitude of these pulse waves which mndicates that these recordings result from
distension of (he cranial cavity and not from the arteral system of the skin and
subcutaneous tissues A cahbrated recording 1s also shown and indicates the arterial
volume pulse to be 003 ml per beat

volume pulse are made 1n 2 manner sumlar to the procedures outhned for
the 1ntraorbital tissues at pressures from 160 to 60 mm Hg at 10 mm Hg
tervals A calibrated recording 1s made at 110 mm Hg pressure The
recording 1s then developed 1n the usual manner
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Results and Comments

The results of such a study ar. iflustrated 1n Fig 69 They show stmlar
amplitudes of the artenal volume pulse throughout a wide range of pres
sures  There 15 a tremendous varation in recordings taken from diffcrent
indtviduals with amplitudes of the arterial volume pulse varyuny, from
0005 to 005 ml The average for adults 1s about 003 m! The method
1> accurate to § 002 m! volume change

Any change 1n the rate rhythm or stroke output of the heart 1s reflected
in these recordings  This change 1s thought to occur m less than 004
seconds  Such a recording 1s ifustrated 1n Fig 70

The simple procedure of takmng a forced nspiration modifies the record
ings as indicated 1 Fig 70 which illustrates not only a change in the
arterial volume pulse but also a change in the base line

Variations in the recordings presented are such that there 1s doubt as to
whether the recordings reflect the arteral volume pulse from the soft
tissues of the forehead or the mcreased volume of the cramal cavity 1ss0
ciated with systole

It ts apparent from the recordings presented in Fig 69 that Mareys
Principle cannot be used for obtamning the diastolie pressure  Also that
equal arterial volume pulses can be recorded throughout the range of
diastolic and systolic blood pressures  Furthermore the artersal volume
pulse 15 1 excess of what one would espect to record from the shin and
subcutaneous tissues of this area  Morcover the pressure gradient theory
would suggest that no such arernal pressures eust mn the small vessels of
this area which would produce the marked volume changes observed

These results indicate that what 1s recorded mught possibly be an increase
1n the volume of the cramal vault with each heart beat 1t for the sake of
simplicity the cramal vault may be considered a sphere with a radius of
7 cm the following computations ndicate that a very shght distension of
the cranwal vault can explan the recorded measurements

1 The diameter of the recording capsule 15 4 cm

2 The radws of the shull dunng dustole 15 7 em which s also the

alttude of & cone with the recording capsule as a base

3 The volume of the basal segment of the cone dunng systole 15 003

ml m the average adult
Computations indicate that the altitude of the basal sepment of the

cone during systoh will be 00022 cm
The altitude of the cone during systoh would then be 70022 em

which 1s also the radius of the shull durng systole

4
5

Ths would mean that the average sadws of the advlt skull would have
{0 werease by only 00022 ¢m durng systolt to produce a 003 m} change
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Fic 70

A composite tecording of the arterial volume pulse from over the forehead the right

temporal artery and the right intraorbital tissues from a patient with chrome auncu

far fibriflation” Note that all changes of rate rhythm and stroke output of the heart

are reflected mto the recordings from these regions  All of the recordings were made
at a capsule pressure of 110 mm Hg
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mn the volume as outhned above This may be enticely possible Th~
human skull 15 normally thought of as a ngid non distensible structure
However the results of tins study mndicate that 1t 1s distensible within its
elastic Iimts

‘The importance of this concept 15 that thss factor must be considcred 11
the results of the study of the minute volume pulse both from the tempordd
artery and the mtraorbital tissues It 15 especially mmportant w the wter

Fi. 71

Recording of the effects of a forced mspiration on the arternal volume pulse taken

over the forehead at a capsule pr ssurc of 130 mm Hg Note that the base linc

beromes lower the heart siows and the artenal volume amghtude becomes greater

On recovery the recordings revert to the control state  The lower recording 15 cah

trated and shows the arterial volume pulse to be 00°./009 or 00 3 m! per heart
beat The sigmificance of thrs study 15 discussed i the fext

pretation of the fecordings for the intraorbital ussues when one constders
the thinaess of the roof of the orbit

Addrtronal studses should be made on mdividuals witl thiek as well as
thin skulls and also on children 1 whom the sutures are not closed fo
sustam this hypothesss

From thss discusston one might conclude that the accuracy of the Monro
Kelhe doctrine would be himited by the elasticity of the bones of the cranial
vault in addition to the other factors listed by Weed



CHAPTER XII
SUMMARY AND CONCLUSIONS

This monograph on the Johnson Recording Oscillometer and 1ts use 1n the
study of the artertal circulation summanzes progress 1n the development
of the instrument and 1ts apphcation to experimental and clincal studies
of the arteral circulation in health and disease  The Johnson Recordmg
Oscillometer makes possible the recording of arterial blood pressure 1n the
extremittes and the recording of the calibrated artenial volume pulse with
out arteral puncture or pain from anywhere 1n the extremittes the temporal
artery the mtraorbital tissues the brain and the cranm 1 adults child
Ten infants and premature babies

The nstrument 15 a timed ding which pro
vides a means of obtamning a permanent calibrated record of the artental
volume pulse Tt 1s built to fine tolerances The recording droplet of 95
per cent ethyl alcohol changes form instead of position in recording the
artenal volume pulse Thus fact 1nd that only molecular r 15
mvolved for the recording of volume changes The lag normally 1s not
measurable The recordings are accurate to 0002 ml of volume change
from the fingers toes temporal artery 1intraorbital tissues and the shull
and to 002 mi volume change from the extremities exclusive of the digits
It has eight rapidly interchangeable speeds whih make it possible to
spread recordings of mdivnidual pulse waves for detailed analysts The
timing of the record is comparable to that of the electrocardiogram or
004 sec The equipment 1s portable and can be taken to the patients
bedside Good recordings can be made 1n dayli_ht and recordings of the
artertal volume pulse can be made with the patient 1n any position  Extra
neous factors such as the tremor of severe Parkinson s disease do not 1nter
fere with recordings With 2 suitable adaptor on a lantern shde projector
the recordings can be projected on a screen for visual observation by groups

The differentiation between the artenial pressure pulse and the arterial
volume pulse ts imphat 1n this study  The artenial volume pulse 1s what
the Oscillometer records what the finger feels when palpating the artertal
pulse and what causes the oscillation 1n the blood pressure dial when
taking the blood pressure Although arterval pressure chanse s assocrated
with these phenomena the artenal volume change 15 of pnme 1mportance
and forms the basis of this study

The pressure changes 1n the arterial system are very mmportant climeally
Althou h 1t has been hnown since 1924 that differences 1n blood pressure
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can be present m all four extremities this has not been generally recog
mzed The procedure for recording the arterial blood pressure w ali four
extremities with the Oscillometer 1s descrsibed  This method uses mechant
cal principles m contrast to the Korotkov sounds used 1 the conventional
method It 1s thus possible to record blood pressures by means of the
Osciliometer when the Korothov sounds are not 1 the range of heartng
The application of this procedure to fifty one patients 1s presented  The
results demonstrate that 1t 1s posstble for the same ndividual (0 have
normotension hypotension and hypertension as evidenced by the recording
of the blood pressure 1 all four extremittes The impottance of these find
1ngs to current therapy for hypertenston 1s indicated by the severe aggrava
ton of the symptoms of occlusive artenal disease of the legs when
hypertension of the arms 1s reduced through the use of some of the new
antr hypertensive drugs
The procedure for recording the voiume pulse of the fingers and toes
with ease and precision 1s described  This method makes possible a beter
understanding of the normal phystology of the circulation as well as the
abnormal physiology of some chnscal conditions nvolving the digis  The
I of the oscill ric procedure is 1l i the study of
functional and organsc diseases of the digital circulation  The application
of local heat and nerve block 1 the digits produced a markedly ncreased
volume pulse 1 normal patients and those with vasospastic conditions
while in the presence of organie disease this did not occur
A study of Raynauds sy atheroscl bliterans  and Buwr
gers disease by this method 1s presented  In the presence of Raynaud s
syndrome the changes observed indicate that arteral circulation of the arm
1o the wnst 15 normal during the blanching stage  This surgests that the
blanching may not be due to an active vasospasm but to the diversion of
blood through the paimar arch  This would indicate that surgery of the
sympathetic nerous system for the treatment of Raynauds syndrome
wauld have to be heghly selective to sympathectomuse the fingers only
without producing sympathectomy of the arm with the possibie aggrava
tion of the diverston of blood from the fingers  This study also showed
that the artenal volume pulse of the fingers retums to the control level
within thirty five days followmg this type of surgers
The components the tme refavonships and the amplitude of the arterial
volume pulse are important as part of the study of the artersal arculafion
The first peak of the artersal volume pulse may be burted 1 the ascending
Limb of the pulse wave when pressures i the pichup cufl are abote the
diastolic pressure or may be plamly visible on the ascending imb with
these cuff pressures particularly i the presence of bundle bran h block
and severe Sortic regurgitation  When the pressure i the pickip cuff 15 at
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the duastolic level 1t 15 always at the peak of the pulse wave The first peak
1s mmportant 1n this study because 1t 15 used as a point of reference for
determining the crest ttme  The second peak 1s at the crest of the pulse
wave with pressures above the dastolic level 1n the pickup cuff and at or
slightly below the crest with pressures in the pickup cuff below the drastolic
level  The third peak 1s the diastolic peak and 1s preceded by the diastolic
notch  This study confirms the fact that the third peak may be due to a
reflected wave The time of nse or crest time of the arteral volume pulse 15
measured at the diastolic pressure from the beginmng of the volume pulse
to the first peak and 1s normally 008-0 16 sec  If prolonged beyond this
1t usually means high grade aortic stenosis or occlusive arteral disease
proxumal to the site of recording  When the crest time 15 prolonged beyond
016 sec the amplitude of the pulse wave 1s decreased and the Korotkov
sounds are usually out of the range of hearing thus making 1t impossible to
use the ausculatory method for taking blood pressure  The amplitude of
the volume pulse 1s calibrated in milhhiters and 1s corrected for overshoot
undershoot and runoff  bv switable correction factors The amplitude
varies with age body build physical condition and the presence of many
diseases  Any change in the rate rhythm or stroke output of the heart 1s
recorded 1n the arterial volume pulse within 004 sec

The specific study of the the time rel hips and amph
tude of the arterial volume pulse was made from four patients with inter
muttent cl with ath but without

evidence of diabetis These patients were studied before and after treat
ment with massage All had a relative or actual hypotension 1n the affected
leg or legs a prolonged crest time and decreased munute arterial volume
pulses  Ausculatory blood pressures could not be obtamned in the legs
and the dorsalis pedis and posterior tibial artenes could not be palpated
No immediate effect of a single massage on the atterial volume pulse could
be demonstrated Daily massages for one year doubled the minute arterial
volume pulses  No arterial volume pulse could be recorded during the pain
of intermuttent claudication and the arterial volume pulse increased 300
per cent after a 20 mua rest following the pain of intermuttent claudication
After repeated massage for one month the rest pains disappesred  The
walking tolerance without pain mereased from about one half block to one
mle following daily massage for one year The beneficial effects of daily
massage in the patients 15 believed to be due to the opening of pre formed
capillanes which are known anatomically to exist

The artenial volume pulse was recorded from the human brain through
a trephine hole 1n the skull ~ Although this study 15 of purely academic
interest 1t serves as an imtroduction to the study of the artenal volume
pulse from the temporal artery the intraorbital tissues and the forehead
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The recordngs of the arteral volume pulse from the intraorbital tissues
the temporal artery and the forehcad require a special adaptation of the
Oscillometer  The results of these studies mndrcate that i the adult the
average artertal volume pulse from the temporal artery 15 005 mt from the
wtraorbital tissues 007 ml and that an increase m the average radus of
the skull of twenty four mucrons occurs duning systole Studies from
pattents with cardiac arrythmias tliustrate that the disturbances of rhythm
are reflected mnto these recordmngs It has been estimated that any changes
m rate thythm or stroke output of the heart 15 recorded from these sites
within 004 sec  Recordings of the intraorbutal volume pulse from patients
with glaucoma hypertension and other eye condittons are presented with
out comment because of the complex nature of the subjeet It 1s beheved
that the amphtude of the latter are m part d d by the
elasticity of the roaf of the orbit whech pushes the intraorbital contents
forward with each systole The study of the artenal volume pulse taken
over the forehesd ndicates that the human adult skull is not u ngid non
distenstble structure as ndicated by the Monro-Kellie doctnine but 1s
sufllictently elastic (o distend with each heart beat  The enlirgement is casily
measurable by the oscillometric method

In concluston 1t should be emphasized that the primary objective of this
monograph 1s to describe the Johnson Recording Oscillometer its sensitivity
and 1ts accuracy and to drcate s present and polential uscfulness 1o
expertmental and cltnmecal medicine
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