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PREFACE

Every physicaan be he general practitioner or specialist uses a sphyg
momanometer The blood pressure reading thereby obtaned may fre
quently serve as an aid 1 diagnos:s and prognos:s if the clearly defined
normal ariations n the hemts of the blood pressure are taken mto con
sideration 1n each case Hitherto the almost unsversally accepted himits
of normat blood pressure and of hy pertension have been constants  They
were fixed unvarying criterta by which the normality or abnormality of
the blood pressure was determined  They were applied to adults of alt
ages of both sexes and of different weights

In tracing the evolution of the concept of normal blood pressure in
chintcal medicine 1t 1s surpnsing to find that the defimtion of its normality
depended largely on the results of statistical studies by life msurance
compames The conclusions drawn from such mvestigations however
are obviously not apphicable to climcal medicine since they are based on
findings 1n a selective group of mdividuals and are dertved from a sta
tistical analvsis of group mortahty rather than from an exammation of
Jarge numbers of unselected normal people

In chimical medicine 1t 1s advisable to make a diagnosis of a disease or
pathological condition only when at least several signs or symptoms are
present Such a sound approach has been bypassed 1n cases of hyper
tension  Most physicians arbitranly classify a person as  hypertensive
if he has a systolic blood pressure of 150 mm mercury and a diastolic
blood pressure above 90 or 95 mm wmercury m the absence of any other
findings This attitude 1> unsound  Because unvarving blood pressure
Limits have been apphed to all age groups and to both men and women
numerous mistaken diagnoses of hypertension have been made m the
past latients who were i reality normal have been made emotional
and physical invalids  They were advised to lessen their activities and
te engage only 1 non strenuous occupations  The psy chic trauma there
by mposed upon these normal hypertensives  the resultant disruption
of the social bife of the patients and their families the economic loss to
the mdividual to industry and to the state have been great

[}
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The present work was undertaken n an attempt to estabhsh the frue
normal Limits of the blood pressure A statistical study was made of
74 000 unselected mdividuals representative of the average healthy work
ing population  These new Iimits have been found to be definitely hugher
than those heretofore used and to vary with the age the sex and the
werght of the subject

The new Limuts of normal blood pressure heremn proposed should be
applied 1 each case not as an 1solated critenion of disease but 1n correla
tion with the entire chmeal picture  The same blood pressure may be
an indication of disease in one patient and of Little or no clinical signifi
cance 1n another Used sensibly these new limits will prevent the frequent
erroneous diagnosts of hvpertcnsion  We have applicd them i chntcal
practice for more than three vears and arc convinced that thev are
well founded

The evolution of the concept of blood pressure is of great medrcal and
historical interest  The circulation poorly understood as 1t was m
pressed men even m ancient times  The old I gvphtians compared the
force of the pulse beat to the ebb and flow of the Nale which they con
«idered to be one of the majestic phenomena of their time

The history of blood pressure and of hy pertension 1s interwoven  The
concept of increased blood pressurc was clear i the mind of some clini
aans even beforc the era of chnical sphy gmomanometry  The sphygmo
manometer the tnstrument with which cvery medical student 1s familiar
after s tirst dav on a hospital ward 1s mn ttself the cvolutionary product
of long lasting, rescarch by famous phy siaasts and physiologists

1t 15 our hope that this book will prove to be of help to phyvsicians in
their practice and to mvestigators engaged m various expenimental and
chnical studies

It 1» a pleasurc to ackhnowledge our debt of gratitude to Dr Samuel
Rahn of \New York  His generous help in editing has made the prepara
tion of this book a pleasure  VMrs Henry Famblin of Walpole VMass
labored cfiictenthy at tedious detatls  Dr Harry 1 Jaffc of “ew York
gave us saluable cntiosms \ir Herbort H Marks and Dr Tows |
Dublin of the Mectropolitan I 1fe Insurance Company wcre co authors in
the onginal imestigations on which this book 1s fundamentally based
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Chapter 1

HISTORY OF PRINCIPLES AND METHODS OF
CLINICAL SPHYGMOMANOMETRY

To a medical student entering the medical wards of a hospital for the
first time the present day measurement of blood pressure appears to be
asimple routine procedure Yet the evolution of this important common
chinical test required more than a century of research and experimenta
tion by manv famous physologists and phy siclans—Hales Marev von
Basch Potam and others Therr brlliant ideas and shillful devices
pomted the way to the ultimate solution of the problem of accurate
climeal blood pressure measurement  During the course of their expert
mentation many modifications were introduced by numerous other 1n
vestigators resultng in the production of a large number of devices to
measure the blood pressure The great majority of these were cumber
some and impractical and did not withstand the test of time and expert
ence only occasionally did they improve upon the ongmnal 1deas and
methods of procedure The noteworthy developments of this long
series of experimental studies finally culmmated i the smple technique
now 1n use Ve shall attempt 1n this presentation to discuss the more
important milestones m ths evolution

The hrst actual measurement of the blood pressure was performed by
Stephen Hales! (Fagure 1) 1 1733 about a hundred years after Harvey
had eluadated the mechanics of the arrculation  Hales used the direct
approach and his method can best be described in his own words  In
December I caused a mare to be tied down alive on her back she was
14 hands high and about fourteen years of age had a fistula on her
withers was neither very lean nor yet lusty  having laid open the left
crural artery about 3 mnches from her belly I mserted mto 1t a brass pipe
whose bore was } of an inch 1n diameter and to that by means of another
brass pipe which was fitly adapted to 1t I fixed a glass tube of nearly
the same diameter which was ¢ feet in length  then untying the hgature
on the artery the blood rose in the tube 8 feet 1n length 3 inches perpen
dicular above the level of the left ventricle of the heart Ve may admare
the shallful and of his techmque crude as 1t was by taking
special care to place the tube at the heart level he obtamed an accurate
blood pressure measurement Similar measurements were carnied out
by Hales on sheep dogs and other amimals the results he obtamed are
still constdered to be correct Obwiously Hales mecthod 1s crude and

(1)




12 HISTORY OF SPHYCMOMANOMETRY

mmpractical and 15 only of historical interest but 1t represents the first
measurement of blood pressure ever performed

It was not until another century had passed following Hales classical
experiment before the first technical improvement for measuring the
blood pressure was made  In 1828 Poiseutile ® introduced the U form
of mercury manometer for blood pressure measurement -the hemo
dvnamometre (Figure 2A) This consisted of a U shaped tube 7 mm
i chiameter The shorter arm was introduced into the artery of an amimal

Fio 1 —Svernrv Hates (1677 176))
Farst to measure the blood pressure (in animals) with che direct intra arternal
method

after having been filled with 2 solution of subcarbonate of soda to prevent
cloting  The intraartenal pressurc was transmitted dircetly to the
mercun column and could be rcad on the manometer  Continuous
approximate detcrminations of the blood pressure could thus be made
i animals  The disadvantage of this method was that the large diameter
of the tube and the heavy waght of the mercuny column presented the
registration of smaller osailations and pressure vanations
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Magendie 45 n 1850 1mproved the Poisewlle manometer by intro
ducing a large reservorr partly filled with mercury (Figure 2B) From
1ts lower end arose a thin 2 mm tube The reservoir was connected to
the artery of the ammal so that the pressure variations acted over a
comparatively large surface. of mercury  These vanations could be meas
ured by changes 1 the height of the mercury column 1n the attached
tube By increasing the surface over which the pressure vanations could

e B

Fr 24 —Poseuiiie HevonynamomeTne  (1828)
U tube hlled with mercury  Short arm connected to artery of ammal and
filled with solution of subcarbonate of soda to prevent clotting
Fic 2B —Macenpie ManomeTer (1850)

Increased the sensittvicy of the Powseurlle Manometer by mtroducing 2 mercury
reservoir and decreasing the diameter of the glass

act and by decreasing the dameter of the manometer and hence the
weight of the mercury column mt this system was much more sensitive
to small changes 1 pressure Its principle was mcorporated m later
mstruments which employ ed a mercury manometer to measure the blood
pressure

In 184/ Carl Ludwig® of the University of Leipzig ntroduced a
method for the direct registration of the mtraarteral blood pressure and
its vanations He placed an ivory float m the taller arm of the Poiseuille
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manometer to this he attiched a nigid wating arm (Figure 3)  The
movements of the mercury column were thus transmitted to the writing
arm and were recorded on the revolving drum of a kvmograph  Although
the kymograph had actually been developed by other physiasts (Pon
celet Morin) ¢ *1t was first introduced into medical phy siology by Ludwig
It still 1s a fundamental device in the physwology laboratory employed
to register various mechanical phenomena  Ludwig was the first to use
1t to record the blood pressure

Although the determmation of the direct mntraartenial blood pressure
by these procedures was possible m ammals 1t was not feasible 1n man
Aany physicians in the past had been impressed with the importance

Frc 3 —Lepwie hyvos rari (18471
\—smoked paper B stand (fase) C -werht  D—pendulum of clockworl
F—nungpomt  f—foat  h— Mercury manometer
TI'he snon float us placed i the taller arm of the  orseulle manometer and 1
conected to the wating, arm  The blood pressure changes are recorded contin
Houals on a resolung ky mograph
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of the force of the pulse but Julius Hernson 7% of Pans was the first
to devise a method for the objective demonstration of the force of ar
tenial pulsation 1n man  With him began the indirect measurement of
blood pressure 1 human bemngs  In 1834 he ntroduced his  Sphyvg
mometre (Figure 4) This consisted of half a metal sphere connected to
a graduated capillary tube with a membrane covenng its plane surface
The system was filted with mercury so that the column of mercury e
tended part way up to the capillary tube When the membrane was

Fic 4 -Herrison bpuyGumoMETRE (18%4)
AB—half a metal sphete covered with membrane C—stopcock D—capillary
tube filled with mercury

The membrane 15 placed on the radual artery and the magmtude of oscillation of
the mercury column 15 noted

placed on the radial artery Hernison saw the oscillations of the mercury
column which corresponded to the artenal pulsations and actually
measured the magmtude of these pulsations He stated that with thus
nstrument it would be possible for the physican to record the exact
magnitude of the pulse n each patient hence for the first time an
objective methad was available to follow changes n radial artery pulsa
tions during the course of an illness or during health  Although Herny
son s orignal purpose was only to demonstrate the degree of oscillation
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ot the radial pulse his instrument indirectly demonstrated and measurec
the blood pressure m man

In 1855 Karl Vierordt ® 2 German physiologist ntroduced the prn
aple of measuring the amount of counter pressure necessary to obhiterate
the pulsations in a peripheral arters as an index of the blood pressure
level  He devised an imgemous but cumbersome and impractical sphyg
mograph for the purpose of utiizing and demonstrating this new approack
to blood pressure measurement A partially weighted button connected
by means of a metal rod to a wnting lever (Ligure 5), was placed on the
radial pulse The oscillations were recorded on a kymograph  Increasing
werghts were placed 1n receptacles on the metalrod  The amount of weight
required to obliterate the radral pulsation was taken as an index of sys
tolic pressure

F16 5 —V 1erorDT Sruvcyvoc rari (1835)
b—metal button 7—metal bar with plates to hold weights s —wnting pomne
\letal button appled to radial artery amount of weight required to obliterate
radial artery pulsations taken as index of systolic pressure

VMarey ' the wddl hnown Irench phsiologist was able to improve
the rough and cumbersome sphyvgmograph of Vierordt 1In 1860 he
devised a small accurate instrument which was apphed to the forcarm
and gave excellent radmal pulse recordy (Figure 6B)  Later he improved
the sensitinity and accuracy of his <phygmograph by using a rubbcr
tambour to transmut the artenal pulsations to the wnting arm (Figure
6C) Tollowing the introduction of Mares s practical sphygmograph
numerous phystologists cmploved 1t to determine the penpheral blood
pressure by utibzing Vicrordt s principle- re measuring the weight
required to obhterate the radial pulsations  Toster’ (1867) Buer"
(186%) Landows® (1872} FhiladcIphten® (1696) -all used this principle
in the instruments they constructed  An example of this type of appara
tus 1s the one deviced by Thiladcdphin (Figure 7) which <njoved a wide
use for a short period of ime It was soon discarded when more accurate
devices emplosing different prineiples became avarlable The measure
ment of the blood pres ure wath this type of apparatus was gros by
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A—¥nncple of method vsed —Compact sphygmographs eassly attached to
forearm

AA~segmepr of artery  L—wrnuing arm  C—small rounded button shich
transmits arteral movement to the witig are

8 ~-Furst model  Darect transmussion sphy imograph  Introdu «d 1860 The
expansions of the artery are tran mitzed to a lever recording the movements on
the simoled paper

&~ Improved m>del  Indue ¢ ¢y sphy b The
mo ements of the pulse are transmtted to 2 mbber rambour and the changes in
pressures 10 this tambuur are recorded on the smoked paper

B —Tambour with wnrmyg, arm

2 - 3:2)




18 HISTORY OF SPHIGMOMANOMETRY

maccurate the results obtamned being between two and ten times the
normal

Using Vierordt s method of radial pulse obliteration by means of a
sohd medium <everal other machines were later produced Walden
burg ¥ i 1875 mntroduced a rather comphicated nstrument ( Pulsuhr
or pulse match ) {Igure 8) which 1s of histanic nterest 1 that he
used the blood pressure readings thereby obtawned to publish the first
book on blood pressure in man  In 1888 Bloch® devised a stmple instru
ment which was small enouh to eastly fit into a physiaan s vest pochet
(Figure 9) Pressure was gradually exerted by the metal button on a
ningernanl placed directly on the radial artery At the mstant the radial

Fi 7 —PuitapeLentes SeiycyorMETRocrAPHF (1896)
No 1 —the large leacher armler at the lower nghe of the figure 1s fastened around
the forearm  No ?—revolving paper roll onnected wath watch sjstem—No 7
3 duated 2l

resting, on the forearm ~No 8 No bar d with
the nory button—No 6— shich obhterates the radia) artes  No 4—weight
s ing wathout friction on graduated metal bas by means of which the pressute
on the artery 15 increased uneil the oscillations recorded on the paper disappear
Mo s—screw top regulating the position of the 1vory burton on che radial artery
simultaneously putung the long arm—No 9—with writing point—No 10— paraltel
ta the alummum bar pecmitting the mnscription of the pulsations of the radeal
artery on the mo ing paper  No 11 —handle to stare and stop sphygmometio-
graph  C—lever attached to wory button—No 6—which compresses the radial
artery

The pressure on the graduated slummum bar necessary to obliterate the radsai
astery corresponds to the true blood pressure
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pulsations disappeared the systohe pressure was read en the gauge
Al these desices were grossly maccurate rather difficult to apply
chmeal medicine and hence were employed for only short perods of
time

kic 8 —Warprneure Puisins {(187y)
s—arm fest e—metal button  e—scren  b—veruical adjustment  c—
harrzantal adjustment  g—box with spring mechanssme and scale
Metal button placed on radial artery amount of force required to pbhterate
pulsation taken as an indication of systohic pressure

In 1875 ‘Marey' wiroduced an apparatus for the more accurate
megsurement of the blood pressure  Instead of apphying tocal pressure
to the artcrial wall only  this instrument compressed the bloed »essels
of the forearm from atl sides equally (Fygure 10)  The forearm and hand
were wnserted through a tight fitting rubber collar mto a metal box
shich was filled with water A glass window m the box gave a view of its
mterior  The box was connected with a mercury manometer and a
recording tambour By means of an attached resenorr the pressure
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the bov could be gradually raised  As the pressure m the box was raiscd,
the pulse waves were transmtted to the flurd and thence to the tambour
The pulsations increased m amplitude up to a certaw powmnt and then
dimunished  Long before the pulsations disappeared entrely the shin
of the arm was seen to blanch thus showmg that the vessels had been
collapsed and their intraartenal pressure overcome

Fre 9 —Brock Seuxcvouerer (18%%)
Pressare exerted by a metal button on a fingernail placed on radial artery until
the pulse 1s obliterared At thar nstans the pressure is read on the gauge

“Marey beheved that the point at which the maximum oscillations oc
curred and the ttme when the shin was scen to blanch were the two 1m
portant indexes of blood pressure measurement  He thought that at the
point when the maximum o aillations developed the external pressure of
the water i the box exactly balanced the internal pressure of the blood
within the artery <o that the artenal wall was merch 2 floating, mem
branc  Hence at this instant the pressure of the blood within the
artery could be considired as bang transmitted directly to the mercun
manometer and the recording tambour Thes VMarey fult represented
the true Jevel of the intravascular pressurc

Later manyv imushigators ncludmg Jancway > behioved that the
pownt of maximum pulsation represented the level af the diastelic pressure
Subsequentls @ Marcy was crebted with having held the opinion which
Janenay had expressed Tt s evadent however from reading his onigmal
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L

Fic 10 —Maxey Seavcuovanouerer (1878)
A~fareaem mn box flled with water and baving small glass window  R-—veser
voir C—puliey system  m—mercony manomerer  M—rubber cambour
Pressure 15 geadually rased s the metal box to the point of mavimum escidlanan
and to the pome of shin blznching  Both entera are used as imdexes of blood
pressure measurement
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description that Marey considered the cxternal pressure at which the
mavimum pulsatton of the arterial walls occurs s anes ndirevt measure
of the blood pressurc gring no thought to its relationship to svstolic
or duastohc pressure  Von Rechhinghausen and other investigators
subsequently showed that extcrnal pressure which produced the maxmum
oscillations 1 as actually closer to the mean blood pressure ** than
to the diastolic pressure

Fic 11 —~Marey FINGER SpuvuvosanoMETER (1678)
M —glass le b n a—T tube c—bulb o increase

pressure 30 water filled system
Oscitlavons of dr.tal arteries are transmueted dicectly to the mercury column

*  [he mean pressute ts usually gien as half the sum of the values
for the sy stolic and dmsmhc pressures This 15 not stricely accurate
and a true pression 1n of mercury of the mean
pressure 1s ot slmph «he :u-mge of the salues of svstolic and drastolic
pressures 1e  the sum of these values divided by 2 (ansthmetic mean)
The average pressure throughout the cardiac cycle 1¢  the true or geo-
metric mean 15 somewhae lower than thrs lying nearer the diastolic than
the sy stolic pressure  IF the pressure fell in a steady slope from its sy stohc
to ns diastolic Yesel throughout the cardiac eyce and the pulse wave
inscnbed a perfect trangle then the anthmetic and peometric means would
be wlentical  The descending imb of the pulse cunve however presents
one ot more secondan warves shich prevent it from avsuming the poreh
teangular form
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Three years later (1878) Marey 2% devised a second smaller apparatus
mto which only one finger was mserted (Figure 11)  The pulsations were
transmitted directly to the mercury column  According to Marey s
description One finds at which pressure the mavimum oscillations
occur and at this moment one reads on the scale of the manometer the
absolute value of the mavumum and the mmmmum  Using this finger
apparatus Marey discusses the possibility for the first time of measuring
the constantlevel or mintmum level of the blood pressure  So Marey
may be considered the first to mahe a successful attempt at indwrectly
measuring the diastolic pressure in man

h
s Tl '
TN F

01I* VERDIN
T Tt 11ty i |

Fic 12 —Noss0 Senvemouanouerer (189>)

Same principle as used by Marey but volume changes are measured simalean
eously in 4 fingers
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This mstrument was unsatisfactors  because the volume changes m
one finger proved too shght to give satisfactory readings In 199>
Mosso ¢ a puptl of Mares s used the same principle to construct a
lab 3 sphg {T1gure 12) By utihzing the cumlatne
volume changes m four hngers stmultaneoush Vosso was able to ob-
tam satisfactory oscillations  His device was considered to give fairh

Fic 13 —Crrrver Tovourrrr (1599}
A--mercury manometer  B—pneumatic cuff encirchng finger C—bulb E—~
screw device to compress bulb  F—hnger rest
Pressure at which a flush or pulse returns to the blondless finger 1s taken as the
ndex of sistohc pressure

accurate readings and was emploved for 2 long penod of time but be
cause 1t was <o cumbersome 1t remained as a laborators procedure In
1899, Gartners (Figure 13) mtroduced hes  Tenometer which alo
molved the principle of blood pressure measurement m the dhpptal
arterics It was much more compact than Mos o5 mstrument and
tecause 1t could be easilv apphed st ganed fairdy wide populanty for a



Fic 144—Von BascH SPHYGMOVANOMFTFR (1876)
A—mercury manometer B—pelote consisting of glass funnel with membrane
distended with water  C—glass funnel to introduce water E—pinchcock D—

tube
Fusst practecal device for clinical of blood p 3 stolic only

Fic 148 —Iurrovep VoN BAsCH SPHYGMOMANOMETER
pel b tube between and pelote still flled with
water c—metal manometer

2

F
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short period of time  The point at which a flush returned to the bloodless
finger, or the moment when pulsations were felt by the patient was con
sidered to be a measure of the systohc pressure  These mstruments all
had the disadvantage of measuning the pressurc only mn the small blood
vessels of the finger  \s 15 well known these small blood vessels are
readily subject to vasomotor changes, and variations mn pressure within

F1c 15 —F oTAIN SPHYCMOMANOMETFR (1889)

A—pelote consisung of a rubber cushion 3 X 25 em  flled with arr - B—thi
part put directhy on arteral wall  M—anaeroid manometer  R—valve connected
ta rubber bulb

Alodification of Yon Rasch sphygmomanometer but portable and utdizing the
first anzerord manometer

them may occur as a purchy local mamfestation  [or this reason these
instruments proved unsati factory and were soon discarded

\lthough Marey was the first to measurc blood pressure in man with
reasonable accuracy by indirect methods his method was too complicated
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for practical climical work and 1t remaincd 2 laboratory procedure  The
first to make indirect blood pressure readings a chinical practieal proce
dure m man was von Basch *a Viennese physician who wall alwasvs be
remembered as the wventor and father of climcal sphygmomanometry
In 1876 he constructed an apparatus that utdszed a pelote ongmalhy
consisting, of & glass funnel covered with an elastic membrane connected
with a reservorr and with a mercury manometer {(kigure 144)  The
pelote and tubing were fitlked with water from the reservorr and the zero
pont of the manometer nas determmed after the mercury came to equ
hbrum  The mode of appheation was as follows  An arters which hes
dirctly upon bone such as the temporal o radial s selected and pressure
exerted upon it with the mermbrane of the plote  The pressure thus
exerted on the artery is transmtted through the water hiled system to
the mercury manometer  The pulse 1 sunultaneoush felt with 2 tnger
of the upposite hand just bevond the pont of compressian 1t the mo
ment when the pulse disappears or when it hrst returns as the pressure
15 decreased the manometer 15 read —this 1s the systohc pressure
Although the von Basch sphy gmomanometer could be vsed chinteally
it had the disadvantage of besng rather bulky and cumbersome This
abgection was partially overcome by von Basch when he replaced the
mercury manometer with @ more compact mctal manometer m 1890
(Fiyure 1487 However water was sull used to fill the system
In 1889 Potam?¥ moditied the von Basch mnstrument mahmg 1t much
more. compact and portable (Figure 15} He replaced the crude pelote
von Basch had emploved with a rubber cushwon 3 X 25 cms  and
replaced the water with air the pressure in this system could be rassed
by arubber butb 1 otuin was the first to employ an anaerond manometer
45 a result of these modsheations the Potam sphy gmomanometer
fitted eastly 1nto a small compact box which could be readily carned
by the physictan on hus calls to the home and hospital  Von Basch s
and Potans machines became widelh Lrown and were emploved
chnically for a long ttme  Thew method however had several disad
santags  The amount of tissue surrountding the artery and the quahty
of the artenal wall were vanable factors which could mftuence the feval
of the blood pressure  Besdes the expenence and abity of the mnds
vidual physiaan i apphyang the proper techmque was an wnportant
teration in obl accurate readings  Potamn himself warned that
a frequent source of ertor arpse from an mabihits to distingwsh between
the capiilary pulse of the physican s finger and the pulse of the patient
Tor these reasons blood pressure (ssstolic only } ebtawed with this type
of apparatus were not very accurate and were usually too hyh
In 1896 a marked advance 1 chinical sphy gmomanometry was made
by Riva Rocer * # who was professor of medical pathology at the Unt
versity of Padua  The apparatas he deviscd 1s the forerunner of the
modemn sphy gmomanometer (Figure 16)  The mportant feature was
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the ntroduction of a compressing mechanism, consisting of a rubber
tube or bag 5 cm wide which encircled the middle of the upper arm and
was nflated by means of a hand bulb The rubber bag was connected
with a mercury or anaeroid manometer The radial artery was simultane
ously palpated at the wrist At the instant before the osaillations dis
appeared, the level of the systolic pressure was read on the manometer
This method had the advantage of applying the pressure 1n a morc even
manner over a wide arca without the difficulties involved in the direct
obliteration of the radwal artery necessitated by the Potain von Basch
and other instruments

F1c 16 —Riva Roccr SpaycuovanoseTer (1896)
In puinciple the model used at present  The narrow 3 em armlet was later
replaced by a 12-14 em cuff

A vear later 1897 Hill and Barnard® brought forth a sphygmometer
stmlar i prinaple to that of Rinva Rocar (Figure 17)  An anacrond
manometer was attached to the encirching cuff  Movements of the needle
of this delicate metal C lerably fied the osaillations
of the pulse wave  As the cnitenon for blood pressure measurement mit
and Bamard recommended the mid point of the maximum oscillation of
the needle which they thought corresponded to the mean blood pressure




HISTORY OF SPHYGMOMANOMETRY 29

However Janeway®< and others later suggested that the lowest pomt at
which the maximum osaiffation of the needle occurred was the diastohc
pressure  The method of Hill and Bamard 1s the forerunner of the more
modern oscillometric methods which employed a wider cuff and more
accurate recording methods eg Erlanger s sphygmometer™ (1904} and
Pachon s osallometric sphy gmometer®” (1909)

In 1901 von Reckiinghausen® pomnted out that the readings obtained
were about 10 per cent too high when a 5 cm wide armlet wasused He
ntroduced the 12 to 14 cm wide cuff which 15 emploved today and
which grves accurate readings

Fi16 17 —HiLL AND BARNARD SPHYGMOMETER (1897)

A—sensitive anaerod manometer B—S§ em wide armlet  C—inflating pump
E—valve for slow escape of air

Point of maximum oscillation 15 used as the measure of diastolic pressure

Many mnstruments using the wide cuff connected to a manometer have
been described by different mvestigators each making some modification
of the same principle ¢ g Stanton * Janeway 3 Erlanger ® Cook # etc
VWith all of these the systolic pressure was recorded when the radial
pulse disappeared at the wrist and the diastolic pressure when the lowest
pomnt of maximal oscillations of the pulse occurred The instrument
devised by Lrlanger (Fagure 18) although cumbersome and complicated
1m 1ts construction was considered to be one of the most accurate in the
measurement of the blood pressure 1he pomnt of disappearance or return
of the pulse and the point of maximum pulsation were made so clearly
visible that subjective errors were minimzed

These methods were used until the auscultatory technique became
hnown and generally employed This techmque was first described 1n
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190> by Korothow,” a Russian phystcian m St Petersburg  With the
bell of a stethoscope apphied over the artery below the compressing cuff
four distinct phases of sound can be heard and clearly differentated,
phase I the sudden appearance of a clear faint tapping sound, growing
gradually louder phase II, the sound assumes a hissing murmurnsh
quality phase IIT the murmur disappears and the sound becomes clear
and louder phase IV the sound suddenly becomes muffled and phase \

the sound disappears Rhorothow suggested that the systolic pressure

Fic 18 —FRLANCER s SPHYCMOMANOMETER (1904)

The strument 15 connected to the encirching cuff on arm  Pressure i the
system 1s gradually sncreased by the mflator and its level 1s indicated on the mer
cury Artenal pul are d through the thin rubber
bulb (B) enclosed in glass case (C) to the wnong arm and 1s snsenbed on the
kymozraph A comphcated but very accurate sstrument to measure the blood

pressure
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be recorded at the very beginming of the first phase and that the diastolic
pressure be recorded at the end of the fourth phase 1 ¢ when the sounds
disappear  Many investigators® found that the beginmng of the fourth
auscultatory phase (when the sounds become muflled) corresponds to
the diastolic pressure found with the osaillometnc method (when a sudden
drop in maximal osaatlation occurs)  They therefore concluded that the
drastohe pressure reading should be recorded at the beginming of the phase
IV Using the same techniques however others~ found the osallo
metnc & I <or 1s to the b of the #ifth auscut
tatory phase In 1939 the Commutter on Standardiation of Blood
Pressure Readmmgs of the Amerxcan Heart Association and of Great
Butan and Ireland recommended that the pomnt of muffing of the
sounds (begmning of phase IV} be accepted as the duastolic pressure
When the level of disappearance of the sound 1s lower than the level
when the change occurred that level also should be recorded e g
140/:0-40 mm mercury  Very recenth however (1951) The Councs
For High Blood Pressure Research of the Stentific Council of the Amen
can Heart Association through the Comnmuttee to tevise  Standardization
of High Blood Pressure Readings concluded that the pont of complete
cessatton of the sounds is the best index of the drastolic pressure *

Under hemodynamic conditions m which no cessation of sounds
oceurs the pont of muffing should be taken as diastohic pressure af
<hstinetly heard and should be recorded as the point of muffed sounds
VWhen no clear demarcation of the muffhng 15 heard duastolic pressure
should be left indefinste and so mndicated ¢ g 150/30°

The dations formulated m 1939 d the suggestion
that two values for diastolic pressure be recorded ¢ g 140/80-40 Tt s
the impression of the Commuttee that such a practice has not been fol
lowed very generally It doubts on the grounds of hemodynamcs the
propriety of hsting two figures a5 diastohe pressure  The disappear
ance of auscultatory sounds as a critenion of diastolic pressure 1s recom
mended on the followmg grounds

{4} The current practice of using the pomt of sudden muflmg of the
sounds was based (1) on compansens with esallatery cnitena and (2 on
hemodynamic data dernved from studies of excised or ssolated artenes
undergompg direct compression or decompression  The former (1) 15 of
dubious value since no general agreement has been reached regarding the
oscillatory entena of diastohe pressure  The latter (2) appears to be
nsky owing to the fact that unsolved physical factors mav enter when
pressure 15 transferred to arterses from a cufl of arbitrary size through
the tissues of a hmb

F am Recamm adaton for Homan Blowd £ 2 u D termunat ons by Sphygmo-
y Jame Badly $13 MD Chals A R Conmor MBP W F H m ites
MD v.xx;m) herr MDD and O 13 Bogre M D O waten § 503 1951
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190> by horothow ¥ a Russian physician 1n St Petersburg  With the
bell of a stethoscope apphed over the artery below the compressing cuff
four distinct phases of sound can be heard and clearlh differcntiated
phase I the sudden appearance of a clear famnt tapping sound growing
gradually louder phase II the sound assumes a hissing murmurish
quahity phase IIT the murmur disappears and the sound becomes clear
and louder phase I\ the sound suddenly becomes mufiled and phase 1

the sound disappears Rorothow suggested that the systolic pressure

Fic 18 —FRUANCER S SPHYCMOMANOMETER (1904)

18 d to the ling cuff on arm  1ressurc 1n the
svstem 1s gradually mcreased by the inflator and its level 15 indicated on the mer
cury Artenal pul: d through the thin rubber
Lulb (B) enclosed in plass case (C) to the writing arm and 15 mscnbed on the
Lymograph A complicated but vers accurate nstrument to measure the blood

The

pressure
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Chapter 11

HISTORY OF BLOOD PRESSURE EVOLUTION
OF NORMAL LIMITS

ABouT 30 000y ears ago the Cro Nagnon race hived throughout Western
Europe Thev were apparently inteligent and heen observers and the
signs of their artistic shill and power of observation are visible today
1n paintings on the walls of the caves in which they lived  One of these
paintings¥’ was found i the cavern of Pindal (Astunias-Spam) (Figure
19) The primitive artist drew the outline of a mammoth m rcd ochre,
and n the center of 1t he placed a dark spot that may represent the heart
Sigenst * in his excellent hustors of medicine makes the following
comments regarding this drawmg the organ (the heart) must
have attracted the attention of man from the earliest time because he
found 1t beating as long as there was Ife because he soon must have
discovered that the best way to kall an ammal was to hit 1t through the
heart and perhaps also because he felt his own heart hammering 1
the breast when fear seized um  If the dark spot of the mammoth of
Findal actually represents the heart we may well consder this the
earhest anatoraical mcture

An understanding of the circulation of the blood in the bady neces
sanly preceded the studv of the blood pressure  Although the history
of blood pressure measurement 15 comparatively recent, some newer
paleographic discoveries have mdicated that the history of the airculation
begins as long as four or five thousand years ago  Iven at that early
time the abservations about many of the phenomena of the airculation
were remarkably accurate though the interpretation of these observations
was often maccurate and full of fantasy

T gypt can be considered the cradle of human civilization  The pros
perity of Egvpt nighth called by Herodotus  a gift of the Mle  was the
result of the } nowledye of the Laws of Hydraulics which the Tgvptians
possessed  Abaut 500G years ago they constructed a network of canals
which brought the water and mud from the Nile to the remotest places
and transformed the desert ito a flounshing country side

Medicine hept pace with other branches of human knowledge m ancient
Fgypt and must have been a widespread specialized art  Herodotus 9
10 hus second book says  Medicine wath them is distnibuted 1n the follow
mgway  Every physician 1s for one disease and not for several and the
whole country 1s full of physictans for there are physicians of the eves
others of the head others of the teeth others of the belly others of

(37)
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abscure disease  Egyptologists™ are wmdhined to assume that medical
scienice was very highly deseloped in the Old Rangdom 12500 BC ) so
that no physician could master it, specahization in consequence was
unavoidable then as it 1s today

A few Papyri dealing with medicine (Smuth Ebers Hearst and Ber
b)Y have recentdy been unearthed  They tend to show that the ancient
Egyptians were truly as are of the importance of the heart and perspheral
arculation  They are a collection of monographs, each devoted to a

Fie 19 ~Masvora wisyt Heary
Sdhouette drawn by a primutive artist i 3 cavern—Pindal (Astunas Spam)
approvimately 30000 years ago  Red ochte was emplayed {or the entute design
The color s sull briltant  The 7ed spot on the mammoth apparemly represents
the heart (1 rctare reproduced from  H Ruha Malerer der Frszert Delphm
Vesfag Muonchen 1922 p 42)

particular subjict —the Smuth and Tbers Papin were watten at the
beginming of the \} ITY dynasty (about 1600 BC) Both are copics of
much oldcr texts that may go back to the Pyramd Age (2600 2000
BC 1 The fongest most mecresting and most important ys the Fhers
Taprrus (20 23 meters long) said to have leen wntten about 1600 B C
I, there as a long treatise on the phy siolagn of the arcwlation tn which
the mutual relationship between the heart and  vessds s clearly de
sembed  This begans with the caption The Physician s Secret
fnonledge of the Hearts Movement and hnowludie of the Huart
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{Eburs)® From the following quotation 1t 1s obvious that the Egy ptians
had some understanding of the arrculation of the blood and were well
versed 1 the art of pulse palpation If the physician placest® ¢ the
hands or his fingers to the head to the back of the head to the hands
to the place of the stomach to the arms or to the feet, then he examines
the heart because all his imbs possess 1ts vessels that 1s  the heart
speaks out of the vessels of every imb ¢ His heart beats feebly  was
an alarming svmptom for an Egyptian physictan feeling the weak pulse
of a patient It 1s interesting that in the Ebers Papyrus the pulsations
m the vessels are compared to the ebb and flow of the Nile®* The
ancient Egyptians therefore must have been deeply impressed with
the wital importance of the airculatory system to have compared 1t with
the tide of the Nile for thev considered the Nile and 1ts tides to be one
of the most majestic and 1mportant natural phenomena of their time

As 15 emphasized by Grapow * one of the recogmzed experts m Egyp
tian medicine the basic1dea was that n the normal human bedy there1sa
system of vessels onginating m the heart and connecting 1t w1th all other
parts of the body These vessels supposedhy carned air hquids such as
blood urine tears sperm and solid matter such as feces the heart being
the center and pumping force of this system of distributing vessels It
seems logical that this concept of circulation of fluids and solid matter
m the body was apphed also 1n pathology (Berlin Papyrus) because they
knew through their own expenence that their land suffered when the
canals bringing the Nile water were out of order just as disease resulted
when canals of the human body did not function as they should 48
This wonderful observation which brought the Egyptians so close to the
discovery of the circulation ® remamed dormant for many centures

The art of mummihcation perfected mn ancient Egvpt enabled the
priestly embalmers to become acquainted with the internal structure of
the human body It 15 of interest to note that during the process of
embalming the heart and hidneys were the only mternal organs that were
carefully left sz siu  suggesting that the heart was considered to be
essential to the individual not only during hife but even after death

Sice the penipheral pulse could be readily palpated and observed 1t
was the one phase of the arculation which impressed many ancient phy
sictans 4 good deal of time and attention was devoted to the pulse 5
and many long descriptive treatises were wntten about it In ancient
Chinese writings (1123 to 256 B C) at least 23 varieties of the radial
pulse were described  Many of the observers were aware of the impor
tance of various qualities of the pulse hard and soft pulses were
long identified with certamn diseases Thus 1n 200 BC Choven You 1 8
wrote that lidney disease 15 present when the pulse s hard and very
difficult to obliterate by superficial palpation!  Although attention was
paid to the force of the pulse 1ts correlation with the pumping force of
the heart was not considercd
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The ancient Grechs also accumulated much information about the
pulse but their detailed obscrvations were frequently musmterpreted
They believed, for example, that the heart and vessels contamed arr
rather than blood s early as 310 B C Herophilus, considered the

Father of Anatomy proved the synchromaty of the artenal pulse
with the beat of the heart and attributed to the pulse four main gualities
size frequency, force and rhythm However the Greehs too, did not
understand the relationship between the pumping force of the heart and
the beat of the pulse Galen (131-201) much later showcd that the ves
sels contained blood and demonstrated the motor power of the heart by
the pulsation of blood which occurred between the heart and the point of
ligation of an artery

Frc 20 —Wieerast flarvey (1578-1627)

Tortrait by Wilham von Bemmel (1698-1760) engraved by Jacob Houbraken
(17390 This portrait was in possession of b1 Francis Miltman M D (1746-1871)
and Ruhard Beight (1789-1858) the famous physician discorerer of the hidney
condition called Brght s Disease &

This observation of Galen's lay dormant until Harves s (Tigure 20)
classical work was published 1n 1628,— 1 veraitatio anatomita de motu
cotrdis et n it (A al Frerase on the Mouen
of the Heart and Blood i Ammals} (Figure 21)  This was suhsequentiy
translated and published mn Enghsh n 1653 % Harves eluaidated the
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Fic 21 —Frontispiece of the famous treati ¢ on the physiolo.y of the circulation
published by W Harvey

The text 15 in Lann and punted in Frankfure (Cermany)  Lwenty fe years
later 1t was translated mto English and published 1 England

(41)
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mechames of the arculation and proved the central propulsive action
of the heart which 1n the nature of 2 force pump propels the blood
along the vascular channels n a continuous cycle  He stated  that the
pulsation of the arteries anises from the impul«ion of the blood from the
left ventricke  also accordmy to the tension of the heart the pulsations
are greater more vehement

A hundred years or more had passcd before Stephen Hales! (1733)
measured the intra arterral blood pressure for the first time  He expressed
the pressurc in terms of the weight of the blood 1tself His measurements
of the blood pressure 1n vanous animals —sheep dogs horses etc —
were amazingly accurate  Hales estimated the blood pressure in man teo
be about 72 feet of blood This corresponds to about 176 mm of mercury
Despute the crudeness of this method and the hmutation of his work to
experimental ammals this estimate was mdeed remarkable

In 1856 the first accurate blood pressure measurcment in man was
done by Tanvre # a French phystetan from Lvon  He connected the
Porseulle manometer directly with the lumen of a large artery n three
patients prior to the amputation of a hmb  In tno cases the pressure
was measured in the upper part of the brachial artery 1n the third case
1t was measured in the femoral artery  In each mstance the pressurc
was found to be about 120 mm mcrcury  As a result of his obsersations
Faisre thought that this was the mean aortic pressure 1n man

The determination of what constitutes the normal blood pressurc was
early recognized as a problem of great importance Sanderson ¥ n
hts monograph on the chinical value of the sphygmograph published
London in 1867 places the normal artenal pressure at six or seven inches
of a column of mercury (152 179 mm mercury) Ht however docs
not describe the method he uscd to obtamn this measurement It depended
on the development of suitable devices which could measure the blood
pressure by tnduect means  The first of such measurements which
were performed by Vierordt Behier Landois and others were grossh
accurate being about two to ten tumes higher than the truc level
and were therefore of no value i estabhshing true normal hmts  The
first book devoted to blood pressure  Die Messung des Pulsts und des
Biutdruchs am \lenschen —was written by Waldcnburg V7 in Berhin
and pubhshed 1n 1880 Tt directed attention to the importance of the
blood pressure m clinical medicine  On the basis of studics of twenty
mne healthy persons between the ages of seventecn and sty five
vears he too set imts of 200 to 260 mm mercury  These high values
arc the result of his maccurate techmque and are enly of histoncal
mnterest

Von Basch ¢ 1s considered to be the father of chnical sphy gmomanom
etrv since he introduccd the first practical device to measure the blood
pressure  Following its introduction i 1876 1t wasemploved by a num
ber of physicians i chimeal practice  Using von Basch s apparatus
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Zadek * 1n 1881 published a long and comprehensive report on his
findings  As a result of measurements done on a number of healthy men
and women he concluded that the upper limit of the normal pressure was
150 mm mercury and that the lower it was 70 mm  How close his
figures are to those commonly accepted today' He also pomnted out
that the blood pressure was lower in children that 1t increased after
meals 1 the afternoons following exercise and i Ihngh altitudes
and that 1t usually decreased with rest  These were indeed remarkably
accurate climical observations Von Basch®® himself 1n a seres of five
articles 1n 1887 summanzed is own experience with his apparatus
as well as that of other investigators He predicted the very important

TasLE [I —Broop PRES URE IN 276 HE LTHY INDIVIDUALS~THAVER (1904)

Aerge
Sytl Pess ¢ N mber
ag (mm merc rv} 1 C
1-10 104 6 37
10-20 128 7 87
20-30 136 9 89
3040 140 3 37
40-50 142 2 20
50-60 154 8 H
60-70 180 1

role that blood pressure measurements would plav in the future of med:
cane His conclusions were that the normal blood pressure was 110 to
160 mm mercury in the radial artery and 90 to 120 mm 1 the temporal
artery  Von Basch prefured to take the pressure in the latter vessel
With the mtroduction of the Riva Rocal apparatus m 1896 a new
mpetus was given to the measurement of blood pressure in chinical medi
cne  Many workers m different parts of the world employed this
technque and each set forth what he considered to be normal values—
Gumprecht® (1900) Hensen® (1900) Hayashi® (1901) Cook and Briggs™
(1903) Thayer® (1904) However their values were about 10 per cent
too high because of the narrow > cm armlet which was used Their
observations also were made on only a small number of normal indrv1
duals and were therefore of very limted value It 1s interesting to
note that one of the first men to use the Riva Rocci apparatus in the
United States was the famous neurosurgeon Harvey Cushing® While
visiting i Pavia he was impressed by thus apparatus and recognized the
value of blood pressure measurements 1n surgery As early as 1907 &
he published an article on the importance of the blood pressure level
dunng operative procedures as determuned by the Riva Rocer nstru
ment In 1903 Cook and Briggs ** of Johns Hopkms Untversity wrote
one of the first extensive articles to appear in the American literature
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on the measurement and chneal mterpretation of blood pressure  They
analyzed the blood pressure findings 1 a sertes of normal, surgical
obstetrical and medical patients and stressed the importance of blood
pressure measurements m clinical practice  In an article published 1
1904, Thayer® found that there were still insufficient data available on
blood pressure in the normal population In order to assess his tindin_s
1n a series of old typhoid patients, he had to measure the blood pressure
m 276 normal wdividuals in an attempt to establish a normal level
His data (Table II) are representative of the findings of various authors
between 1900 and 1904 who employved the Riva Rocar apparatus with
aSom armlet

Potan ¢ a brlhant chnical observer published Iittle of hts findings
on blood pressure measurement during s ifetime  In 1902 he collected
the results of thiuty years of study entahng 11000 blood pressurc
readings and wrote the first extensne work on blood pressure and its
hmits  His book published two wnecks after his death was entitled

La Pression Artentelle de 1 Homme  Although his readings today
are considered too high because of the techmque he emploved Iis book
has great histortcal interest In 1t Potan emphasized the mmportance
of three major factors in the determmation of the blood pressure level
1) the function of the heart 2) the perpheral resistance of the  arten
oles  wiuch he considered the most importaat factor and 3} the quafity
of the arterial wall He stressed the effect of age on the normal range
of the systolic pressure and mvestigated extensnely the effects of
various other factors such as weight sex actnaty altitude and fever

The following 1s a summary of the resuits obtamed by Iotan on
normal individuals

TaBLE I —AvERAGE SYSTOLIC PRF SLRF

1ge (mm mercury) er (mm mere %)
610 £ 30-40 190
10-15 135 4050 200

15 20 iso 50-60 210
20-25 170 50-80 220
25-30 180

Although the readings are ligh because of the method of measurement
he used the increase in the blood pre sure with mncreasmg age which
he found 1s certamly stnhing

In the vcars between 1001-1904 Jancway % Masmg* and Sahly™
endearored to measuce the diastolic pressure by mcans of the osaillo
metric method  As the pressure i the encrchng arm cull was slondy
decreased the lov est pomnt of mauimal oscillation of the radial pube
was taken as the diastolic pressure the oscillations bung recorded on
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a sphygmograph  The readings were much higher than those nbtamed
with the auscultatory method which was later introduced by Korothow
Tollowing the mtroduction of the wide 12 to 14 cm armlet by von
Rechlinghausen 1n 1901 and the mstitution of the auscultatory techmque
far blood pressure measurement by Korothow 1n 1905 the era of modern
chnical sphygmomanometry began  The evolution of the present day
normal blood pressure hmits dates from this time
In 1904 Theodore C Janeway * 1n a monograph entitled The Clim
cal Study of Blood Pressure gave the upper hmit of normal svstolic
pressure as 160 mm mercurs  In 1913 on the basis of the expenience
denved from the blood pressure measurements i 7 872 cases done by his
father and himself Janeway™ agam stated that a pressure over 160 mm
mercurs may be considered abnormal  Brunton ? (1910} 1n England
and Cool™ (1911) of Johns Hophms lowered this hmt to 13> mm
upto nuddle hfc andto 14>to 150 mm thereafter In 1915 Janeway™
revised his former opinton and accepted these standards  Although he
recognized the mmportance of the diastolic pressure he did not have
sufficient data to establish 1ts normal lumits At that time Janeway
was a monecr and probably the highest authonty in the United States
m this field The results of his nvestigations and publications un
doubtedly had an important influence on the estabhshment and accept
ance of these blood pressure limits as normal
VThe present commonly accepted normal hmts of blood pressure have
been established largely through studies by life msurance companies
the past four decades  With the mtroduction of the sphy gmomanometer
and its regular use in hife tions vast bers of blood
pressure readings on men and women at varions ages have been accumu
lated The data thus obtained have been analyzed statistically from
time to time and the average blood pressures in men and women at
various ages have been thereby determmed Iisher ™ of the North
western Mutual Life Insurance Company 1 1911 was one of the first
to publish the resuits of blood pressure measurements on 19 339 accepted
candidates for life msurance  Subsequently a large number of similar
studies was 1ssued™3 — Symonds Rogers and Hunter Mackenzie and
Wells and others  Representative findings of the msurance company
studies are shown 1 Table IV The conclusions of Symonds are based
on the examination of over 160 000 apphcants while those of Hunter
are based on the exammation of a quarter of a rmilion apphcants
According to the nsurance company statishics the a erage blood
pres ure increases very httle with age  the systohc pressure increased
fron?’ 12 to 22 mm mercury between the ages of fifteen and sixty five
while the'thastolic &measarmﬁ‘s'mﬁgmm,—‘_“—“
Symonds also found 2 difference in the blood préssire in the two sexes
In women below the age of forty he reported the syvstolic pressure to be
shghtly lower than in mun after forty he found 1t shightly hgher (1 to
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2 mm mercury) The dastolic pressure in women below forty was
shghtly lower (1 mm mercury) than tn men but over fifty 1t was hi_her

Fisher was the tirst to find that a persistent increase of 15 mm n:‘ the
auscultatory sy tolic pressure above the average for the age (Table IN)
resulted in an unexpected nise in the mortahty rate  Hence he concluded
that an increased systolic pressure of 15 mm or more from the given

TABLE IV —A3ERACE BLOOD PRESSLRE OF I\ URA CE APPLICANTS

Symon Is {160 900) Hunler (50 000)
Ags St Dt S Dust
15-19 123 9 us 15
20-23 124 80 120 80
25-29 124 41 122 81
30-34 125 82 123 82
35-39 125 83 124 83
40-44 126 84 126 B4
45-49 128 8s 128 &5
50-54 130 &6 130 86
55 59 133 87 132 87
60 & over 135 & 135 &9

average should be regarded as pathological His conclusion was cor
roborated by the statistical indings based on mortality rates of other
hie insurance studies and was accepted by many investigators (Symonds
Rogers Hunter and others) Machenzie ® suggested that the normat
systolic pressurc hmits be set at 9> to 135 mm mercury for ffteen to
nimeteen year old applicants and that they be progressnely mereased
(110-155 mm mercury) until after the age of snty

Regarding the diastolic pressurc Fisher belicved that a pressure above
90 mm n patients under the age of forts and one above 9> mm
patients over forty were abnormal  Symonds thought that any diastolic
pressure above 9% mm was probably abnormal  Machenzic using the
5th auscultatory phase 1s the mdex considercd a diastolic pressure of
60 to 8 mm mercury to be normal for the fifteen to mineteen vear age
group and one of 63 to 100 mm mercury to be normal for thosc over the

ace of sixty  Kogers and Hunter placed the diastolic hmit at two thirds

of the svstohc
On the basis of these mnsurance company studics the present com

mortlhy accepted normal himits of 140 to 150 mm mercury svstohic and
9010 95 mm drastohc hase been accepted by many authonties Aharcz ¥
Fishberg =% Wig.irs ® White * Iredberg® and others  Robincon
and Brucer ™ n a widch quoted imvestigation however set the normal
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upper limit of blood pressure at 120 mm systolic and 80 mm diastolic
regardless of age and sex  As will subsequently be shown these lmmts
are unacceptable

ESSENTIAL HY PCLRTENSION

Simultaneously with the evolution of normal blood pressure hmts
came recognition of the hypertensive state and of 1ts effects upon the
cardiovascular and renal systems The gradual awareness of the hyper
tensive state ab a distinCbentity further served to stress the importance
of estabhshing hmts of normal blood pressure  The hustorical evolutton
of the concepts of hypertension and of normal blood pressure are rather
closelv mtegrated Many early physicians were aware of the importance
of mcreased blood pressure in man Its presence was discovered long
before methods to measure 1t were available Careful study and obser
vation led some of the early chincians to recognize in some patients the
increased tension and hammenng  pulsations in the peripheral artenes
Ludwig Traube® * was the first to describe mcreased arterial tension 1n
man In 1856 he pubhshed some of s chmco pathological studies
among which he reported the case ot a forty year old physician 1n whom
he found the arteries of middle cabiber to be definitely under tension
Thus he realized at the bedside by palpation of the arteries that a state
of increased intravascular pressure existed

Followmng Bright s classical description of the disease that bears his
name 1t was commonly felt that increased artenal tension was always
a consequence of pre existing renal disease or arteniosclerosis  Much
later 1t was discovered that hypertension may be the primary disturb
ance and may antedate the development of arteriosclerosis and renal
disease  Sanderson®™ was one of the first to suggest that artertal hyper
tension may exist before mamfest climcal signs of kidney disease appear
In 1867 1 a menograph on the climcal value and use of the Marey
sphygmograph he described two patents with postmortem evidence
of left ventricular hypertrophy and Bnght » disease  Dunng hfe both
patients had had bounding visible pulses the artenies knoching against
the finger lihe a hammer ~ Sanderson emphastzed the value of the pulse
tracing obtained with the sphygmograph 1n providing evidence of the
presence of mcreased artenal pressure m these cases He suggested that
the sphygmograph be used to detect increased arterial tension 1n patients
with no other chnical evidence of left ventnicular hypertrophy and hidney
disease  He beheved that many persons have a high tension pulse
without any other trace of ailment and that the artenal resistance

m them 1s excessive but he did not have enough expenence to understand
the sigmiicance of this finding Though clinical sphygmomanometry
had not yet been developed Sanderson pomnted out the importance of
the sphvgmogram as an objective method of detecting early cases with
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ncreased artersal tension before the appearance of heart and hidney
disease

Several months before Sanderson s monograph appeared, Ioster pub
Ished a booklet on the same subject * Using the Marey sphy gmograph
on a man of 37 he demonstrated a pulse tracing which was typical of

stzong tension 1 the arteries  Foster stated that this condition can
easily be recogmzed by the form of the pulse tracing  He was very en
thusiastic about the chntcal use of Marey s sphygmograph as an objec
tive method for detecting what he called * senile changes 1n the artenes
in 1ts carly phase z¢ when the diagnosts cannot be established by pal
pation of the arteries  He explamed the frequent coexistence of harden
g of the peripheral arteries* and left ventnicular hy pertrophy i elderh
people by the necessitv of the heart to act more forcibly in order to
carry on the arculation of the blood

The presentation of Fosters and Sandirsons publications to the
English medical profession aroused great mterest at that time Lnghsh
physicrans were aware of the importance of recognizing the presence of
high blood pressure and other conditions detectable through the sphyvg
mograph A controversy arost among them 1s to who should be con
stdered the first to have employed Marey s sphygmo,.raph in clinical
medicine in England I rom a survey of the exchange of Jetters published
m The Lancetat that time '% 1" 1t seems now that Burston Sanderson
his collaborator Franus Anstic and Walter B Foster can all share this
honor

Mahomed ' ' an I nghsh pupil of Marey s enlarged on Sanderson s
observations and suggestions  Using the sphy gmograph i a large pum
ber of cases he also found that an incrcase of artenial prossure may precede
the appearance of svmptoms of renaj disease  He termed this the  pre
albummnuric stage of Bright s discase In 1874 hc stated Previous
to the commencement of any hidney changes or the appearance of albu
mun 1n the urine the fist condition observable 1s high tension n the

* It 1> meerestng to note that artenosclerosis 1s a process which can be
traced far back 1n the history of man Ruffer %7 the founder of | ateopatho~
logy (the pathology of ancrent specimens) i his classical work **Studies
0 the | aleopatholo.y of Egipt ated that old Fpy prians suf
feced also from artenosclerosis of the aorta and renpheral vessels  He pre
sents clear preparations from specimens of the aorta and artenes from
mummues< revezhng the same prcture as that found n modern materat
Atheromatas atheromatous patches and ulcers more or less complerehy
calarfied hing Memepteh * the | haraoh of the Hebrew exodus suffered
from arterioscleross of the aorta  VMoodie » suth the aid of v1avs
could demonstrate sclerotr vessel in an unwrapped mummy an the
Ficld Museum 1 Chicago

The opmon that artenosclerasis 15 a2 disease of madern times and 1
related to modern nutntron and the physical and mental sezams of
modern life 15 evidencly contradicted by these clear objective Andmes
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artenal system ' Mahomed did not yet disassociate the two conditions
but felt that the hypertenston always represented an early stage of
Bright sdiscase  Inalater article 1n 1879 however Mahomed expressed
doubt concerming the absolute relationship between mcreased blood pres
sure and Bright s disease for he wrote I have tried to prove that the
high arterial pressure and the subsequent cardiovascular changes are
the pimary and most important conditions to recogmze while the ladney
symptoms are only secondary and are not even essenttal conditions
He was one of the first to be aware of the existence of increased artenal
tension 1n the absence of hidnev disease and of the importance of its
effects on the vanous systems of the body His deductions are most
impressive smce they were made without actual measurement of the
artenal blood pressure

Von Basch ' using the first practical sphygmomanometer which he
devised also realized that by pertension may exist in the absence of neph
ntis and demonstrable arteriosclerosis  He attributed the high blood
pressure 1 these cases to latent anglosclerosts It was not until
1895 that Sir Chifford Thomas Albutt®® clearly separated the syndrome
of essential hypertension from Bnght s discase He described m detail
hus long and careful observation of patients with essential hy pertension
and concluded that thev did not necessanly develop renal discase In
a paper read before the Huntenan Society in London he stated ‘I
had begun to recogmize that nsing pressure did not necessarily mean
mcipient stages of renal disease in the ordinary sense  Albutt mtro
duces the term  hyperpiesia  to describe these cases This term 1s still
popular m England In America the term essential hypertension 15
widely used and 1s dernved from the German essentielle Hypertone
mtroduced by Frank ' m 1911

Huchard !*71n 1899 wrote a masterful description of the clinical picture
of essential hypertension He pointed out that arterial hypertension
15 the cause of artenosclerosis and precedes for a vanable period the
development of cardio renal mmvolvement In 1914 Volhard and Fahrio®
differentiated between the benign and mahgnant forms of hyper
tension

Suamary

A brief histonical review of the study of the cireulation and of the blood
pressure n man has been presented The development of the present
commonly accepted lmits of normal blood pressure—140-150/90-95
has been traced These were imtially introduced by a few authontative
early workers 1n the teld—notably Janeway Brunton and Cook It 15
however the life msurance company studies that are mainly responsible
for the present davlimuts These studies have been based on an analysis of
blood pressure readings on large numbers of applicants for Iife insurance

4
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The normal Limits have been established by an analy sis of blood pressure
findings i relation to the mortahty rates = A brief account of the hustor
cal evolution of the concept of essential hypertension  has been pre
sented
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~ Chapter 11
* FACTORS AFFECTING THE BLOOD PRESSURL

LEVEL®
Many factors may affect the level of the blood pressuze  True at
tempts have been made to Jardize the techmaque of sphy
etry for ple by e of cardiot from Great Butam

Ireland and Amenca  The blood pressure of an indisidual is often found
tovarn  The vanations are caused by one or more of the factors which
may beactine andare inpast sesponsble for the difficulties encountered
when attempts are made to estabhish the upper and lower hmits of the
normal blood pressure A discussion of some of these more important
factors therefore and of their effects on the blood pressure seems to
be necessary

AGE

Many textbooks mummuze the nfluence of agc on the blood pres
sure 2 B Wy A gystolic pressure of 140 to 120 mm mercury and a
hastohe prossure of 90 to 95 mm mercury are usually accepted as the
upper limits of normal W adults at the age of forty as well asn those
at the age of sicty fve  Studses made on children “~* however have
shown that the systohic pressure gradually incrcases with age  The m
crease 1s more marked at puberty and soon thereafter the blood pressure
reachesaduit levels Ihereis madditien overnhelming clemeal evidence
to mdicate that there ss normally a sigificant increase m the blood pres
sure in adults with mereasing age  This normal increase has been found
to be more marked aftes forty and to affect the systolic more than the
diastolic pressure  The studies supporting thas contention art, fully pre
sented m Chapter IV

sTX

Relatively bittle attention has hitherto been pard to the wfluence of
sex on the blood pressure so that identical bmits have been set for men
and women The pressure i females below the age of forty however
has been found to be shghtly lower than that m males while 1 females
over hity it has been found to be someshat higher  Because of these
hndings no smgle bguse can be accepted as the upper himt of the normal
blood pressure  The age and the sex of the mdwvidual must 10 all cases
be takin mto account

(53)
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LMOTIONAL STATLS

It has long been known that 2 nervous or emational upset partiry
larly fear may cause a transient increase m the blood pressure  In
1899 Kapsamer'* asserted that the true level of the blood pressure can
be determined only after many blood pressure readings have been taken
m order to avoid vanations due to psychic factors Subsequently this
observation was confirmed and emphasized by many others— Jellinel 1
Potam 7 Janeway * ¢ and Thrstrom "7 This psychuc effect on the blood
pressure 15 apt to occur particularly at the time of the first medical exami
nation for entrance mto the mtlitary service for hfe msurance for employ
ment or for routine chmcal study

Diehl and Lees!*? measured the blood pressure of 100 unselected healthy
students every five minutes for onc hour They found a definite decrease
1n pressure on the sccond and third reading and a lesser decrease up to
the erghth reading which was the lowest Thereafter the pressure rose
shghtly  The gradual drop 1n the blood pressure was considered to be
due to a gradual diminution of excitement of the subjects studied

Zabel '** after having repeatedly determmed the blood pressure of a
great number of indniduals found that onlv 15 to 20 per cent had a
constant pressure level  He felt that the psyvchic effect of the examt
nation, which caused the blood pressure vanations can be oyercome
only after at least SO consecutrve blood pressure determinations  This
suggestion 1s rather impractical and can only result m a nse of tht
physician s pressure!  \yman and Goldshine # ¢ and othcrs '™ com
pared the blood pressure 1 cases of cssential hypertension taken at
home and in the chinic and alwavs found the home readings lower
Since their observation of each patient was long continued it indrcates
the importance of the pressor «flect exerted by the examining physiian
even after repeated wvisits  Cannon'$ and others' = showed that
great evatement or pamn mncreases the blood pressure  landis and
Guilette' 7 studving 25 young subjects found that by induang such
marked emotional changes as surprise fear and sexual excitement  the
blood pressute was increased  Surpnsingly anger and disgust produced
practically no changes  Scott’ * and others ** recorded the blood pres-
sure of 100 healthy men nincteen to thirty onc years old dunng the
exhibition of a special film designed to arouse the emotions of Jove sex
fearand anger They found a defimte nisc 1n blood pressurc asa resuit of
<ex stimulation and a fesser rise as a result of anger and fetr

SLEFP

{he effeet of the emotions on the blood pressure has alvo been studhedt
\adirectly by recording 1t dunng sleep  Hoscli#01n 1897, was one of
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the first to pomnt out that the blood pressure drops at the onset of sleep
as a result of the absence of psychic and emotional stimuli which affect
the wakeful state Later others’="* confirmed Howell s findings

Mutler,> and others % in an extensive study of 155 healthy individuals
from three to ninety vears of age (33 bemng children) found an average
drop n blood pressure after one to two hours of sleep of 26 mm mercury
m males and 21 mm 1n females In a study of 26 normal mdniduals
Muller and Brown” found that the systohc blood pressure dropped till
3-1 am and then rose slowly and steadily The diastohic pressure also
dropped but much less markedly than the systolic MacWilham®
asserted that the systolic pressure may fall as much as 20 mm mercury
during sleep However when the sleep 1s restless or 15 disturbed by
dreams a considerable ri<e 1n both the systohic and diastolic pressure
may occur

In hvpertensives also the blood pressure falls during sleep Muller ®
m 2> cases of bemgn hypertension found an average drop of 60 mm
mercury 1 the systohic pressure during sleep though the pressure still
remamed higher than normal In 18 cases of acute or chromc glomerulo
nephnitis the findings were similar but less marked The same results
were given by other mvestigators 1* 137189

BASAL CASUAL AND SUPPLEMENTAL BLOOD
PRESSURE

Addis 4 1n 1922 first introduced the term  basal blood pressure
He applied this term to the pressure found in patients before they arose
from bed 1n the morming  He contrasted these low levels with those found
later 1n the day The true basal blood pressure has been defined as
the pressure present when all physical emotional and metabolc activi
ties are reduced to a phystological mmimum  Such a reading 1s difficult
to obtain  The Commuttee of the Cardiac Society of Great Britamn and
Ireland and of the Amencan Heart Assouation® have recommended
the following procedure A preparation simlar to that used in mahing
a basal metabolism test 1s recommended  Such a basal blood pressure
determination should be made from ten to twelve hours after a previous
meal (preferably i the mormng) after the patient has rested for thirty
minutes 1n a comfortably warmed room  The patient should be mentally
as well as physically at ease  In addition Smurk*~# and co workers
have stressed the need for deliberate emotional desensitization of the
subject to the presence of the exammner and to the procedure of sphyg
momanometry This desensitization 1s produced by taking the blood
pressure as frequently as possible during the first three minutes after ade
quate preparation of the patient The pressure 1s then talen ey ery few
munutes for a half hour period 1n order to habituate the patient to the
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procedure  Toallay apprehenston the patient s placed i a comfortable
position and 1s fully informed of what will be done The room 1s kept
quiet, and unnecessary movements by the obserser are avoded Using,
this procedure 1n combimnation with the one outhined by the Committee
Srurk obtamed lower blood pressure readings than when he used each
method separatels It 15 evident that many precautions must be taken
n order to insure complete phy sical and mental rest for the patient 1f a
true basal reading 1s to be obtamed
The casual blood pressure reading represents the systolic and dia

stolic pressures obtamed during the ordmmary chmcal examumnation
without emploving any special means to elimmate psychogenie factors
which may affect it The difference 1 pressure between it and the

basal blood pressure (cailed the supplementalpressure by Alam
and Smirk'*) 15 the result of physical emotional and supra basal meta
bolic activity  VMost of the supplemental pressure 1s of mental ongirt
due especially to fear It 1s well known that a stav 0 a hospital usuallv
produces an appreciable fall m the blood pressure of patients with
essential hypertension  Thus 1s the result of the phyvsical rest of an in
creasing famhanty with the procedures used and of a more intimate
acquamntance with the phvsicans  Perera and Atchley * Wathm o
al ¥ and others have emphasized the importance of hospital enyironment
in lowenng the blood pressure and the necessity of constdering this
factor in determuning the value of particular therapeutic measures It
undoubtedly 1s of great importance to use basal readings when the effect
of amv therapeutic procedure on the blood pressure level 1s studied

To obtain a true basal blood pressure reading 1s obsioushy too tme

consumung and therefore impractical in daily climcal practice Hence
the casual blood pressure obtamned under ordinary chmeal conditions
15 the one which 1s usually taken and with which the phyvsician 18 maimnls
concerned Indeed chimical evidence shows that a transtent clevation
n the blood pressure due to emotional influences may have great prog
nostic eigiibcance  Van Vlonahow “*un 1920 and Stieghtz ¥ n 1930
on the basis of their chinical experience asscrted that a transtent nse
bleod pressure due to emotional factors may indicate a predisposition
to the fater development of hypertension  [almer ©! and others »
after long follow up studics have shown that a transient elcvation of
the svstolic and dustolic pres ures even in young people greatly in
creases the possibility of per<istent hvpertension in later fife  VMaster'
re-examuned 30 patients forty ycars of age and over who had had a single
blood pres-use reading which nas at the upper hmit of normal (140 156/
§0-94) dunng thewr stay 1 the hospital one to sevcn vears previoush
On the re-examimation 38 of the 50 were found to have s pertension and
at least 25 per cent had a dustolic pressure of over 100 He therefore
concluded that es en a single borderhne reading mas be of some progmostic
qgnificance  In a recent studs by Loy, et al ™ the medical records of
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22 741 officers of the Umted States Army were analyzed The observa
tion period extended from one to more than twenty five years They
found that sustamed hypertension occurred more frequently mn those
who had had previous transient hypertension at all ages than m those
who never showed an elevation of blood pressure In both groups the
rate increased with advanang vears These studies also indicate that
anncrease mn the casual blood pressure may be of prognostic importance

Finally 1t 1s clear that the casual blood pressure 1s that level of
blood pressure to which the individual 15 subjected during the mamfold
emotional and mental strains and tensions of his everyday hife Froma
Practical pomnt of view this level may be of more prognostic significance
and of more 1mportance to 2 patient than the basal blood pressure
which 1s probably attamned only occasionally 1f at all during the day
For all these reasons it 15 of paramount importance to establish the
normal range of the casual blood pressure fluctuations as obtained m
everyvday clincal practice

SOFT TISSUE AND VASCULAR FACTORS

The degree to which soft tissue and vascular factors may influence the
level of the blood pressure reading as obtamed with the pneumatic cuff
15 of practical and chnical importance  Unfortunately not much work
has been done 1n this field and the problem 1y far from being solved

It has hitherto been generally believed that the soft parts of the arm
have a neghmble influence on the blood pressure readings Hensen®
and Janeway' each reported a case with extreme muscular atrophy
in one arm and with well developed muscks n the other In these
cases the blood pressure was 1dentical n both arms  Janewav also
pomted out that low syvstolic readings may be obtamned n mdividuals
with obese or muscular arms Hence the conclusion was reached that
the soft parts do not influence the blood pressure reading  More recent
work however questions the vahdity of this conclusion  The discrepancy
between the direct artenal pressure and the indirect blood pressure as
measured with the pneumatic cufl has often been observed  The results
have been somewhat confhicting Most observers reported the direct
pressure reading to be lower than the indirect ¥ while others 16-15
found 1n the majonty of cases the converse to be true  None of these
investigators attempted to explan the discrepancy by the size of the
arm In 19331 Hamlton® and his associates introduced an improyed
optical manometer which was particularly well adapted for recording
human mtra artenal pressure Subsequently 1n studies of children
Hamilton? 1% and hus associates compared the direct and mdirect blood
pressure readings  They demonstrated that the relationship between the
st e of the arm and the «aidth of the enff greath influenced the accuracy
of the imdirect blood pressure readings n general they believed that
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the size of the cuff should be vaned directly with the crcumference and
length of the arm in children  They suggested a 2 > em cuff for newborn
infants a 5cm cuff for small children and a 9 cm cuff for older and morc
developed children A 13 em cuff 1s considercd satisfactory for adults
If the person 1s unusualls obese however a wider cuff must be used and
even then 1t will be difficult to obtam an accurate readmg  Ragan and
Bordley** simultancousl measured the blood pressure by the mtra
artental methed of Hamilton and by an auscultators method similar to
that used m routine chmcal blood pressure determmations  They also
found that the dfference 1n the pressure obtamned by these two methods
nas affected by the size of the arm  Incorrect readings were obtaned
particularly m subjects with unusually large or unusually small arms
When the arm was large and the standard 13 cm cufl was used they
found that the systolic and drastohe pressurc was hheh to be too hih
The error i ather direction mav esceed 30 mm mercurs In some
obese subjects the use of 2 wide 20 cm blood pressure cuff resuited m
more accurate avscultators measurement of both the systolic and the
diastohe pressute  In most pattents houever the wider eutff sickled
readmgs which were too low

In order to obtain an accurate measurcmint of the pressure m the
femoral artery 2 cuff at least 155> cm wide must be used the ordmnany
13 cm cuff gives false readings '7° Some authors have shown that the
pressure in the femoral artery 1s higher than that in the braciual in both
man*™ and animals * ?

The Amernican Heart As.octatian flt that thes important problem
must be clanhed and specie mstructions for tabang the blood prossurc
1 relation to the size of the hmb should be gnven

In June 1951 the Scintific Councl of the American Heart Association *
discussedd the accuracy of the indireet auscultatory blood pre sure meas
urement in companon with that of direct blood pressure measurement
by means of calibrated intra artenal manometers It found that the au cul
tatory systolic pressure 1 the brachal artery i on the aseragt 3~ mm
mercury too low and that 1t vares = §mm mercury It fountd too that
the auscultators dastolic pressure taken at the 3th phase {mufilng of
the <ounds) 15 on the aterage 8 mm mercury too high  Fhe Councid
therefore concluded that the tndirect auscultators method of measuring
sy stohie and dhastolic pressures mas be expected to result i & mean error
of = 8 mm mercury

The Counctl for High Blood Pressure Rescarch of the Saentific Councst
of the Amencan Heart Assocration through the Committee to Revise

Standardization of High Blood Pressure headings  * recommunds that
i general the blood pre sure cuff must be 20 per cent wrler than the

+ From  Recommen lations m ’{;”B‘_nrg; ;1 l;\rc Rurébl:;rwcrm{!n.x\;mq\« l}y 11:7:“:
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diameter of the extrermty to which it 1capplied It suggests thata 12cm
cuff be used on the arms of adults I or children under the age of nine
the Council adsised that a cuff 8-9 em 1 width be used for children
under four years of age 1t suggests a 5-6 cm cuff and for nfants under
one year of age a cuff of 2 5 cm or less

Fhe Counail believes that the svstohic pressure in the thigh 1s from 10~
40 mm mercury gher than in the arm but that the diastolic pressure
1s the same m both It recommends that an 18 rm cuff be used on the
thighs of aduits They also believe that a variation i the diastolic pres
sure n the upper and lower extremities of a normal person 15 due to the
ust of an msufficiently wide thigh cuff and 15 a test of the adequacy of the
cuff emploved

The inflatable bag should be at least long enough to cover half the ar
cumference of the imb care should be taken however that the bags
placed over the artery that 1s to be campressed  Since the danger of the
1mproper application of the bag must be obviated 1t evidently 1s prefer
able that the bag be long enough to encircle the limb or to cover the
greater part of 1t

The results of these recent extensive investigations prove that the size
of the imb 15 an important factor in the production of minor depressions
and elevations of the blood pressure when the standard cuff 1s used The
size of the kmb therefore must also be considered when an evaluation
1s made of the diagnostic and prognostic sigmficance of these munor
‘ariations m the blood pressure  Thus when the standard cuff 1 used
on an obese person an elevation of the bloed pressure mav be due en
tirely to soft tissue factors and may not be evidence of an abnormal con
dition  When 1t 15 used on a thn armed person on the contrary the
blood pressure reading may be too low  This soft tissue factor there
fore should be considered and assessed m each individual case

The relationship of the ascular factor to the blood pressure reading—
the quahty and tonus of the artenial wall—has been a matter of interest
and concern for a number of vears There appears to be general agree
ment that the quality of the artersal wall has a neglgible nfluence on the
blood pressure reading  Von Basch® crudely measured the amount of
Ppressure necessary to abliterate the empty radial artery and found 1t to
be 1 mm mercury for normal vessels and not much above 5 mm mer
cury for sclerotic vessels Janeway ™ using a wide armlet studed
many cases with marhed thichening or calaification of the larger artenes
also tound that the error from this source was negli_ible Martint % n
a few experiments on the carotid artenes of man horse and dog found
that a pressure of 2 mm mercury was sufficient to collapse the normal
arterial wall apd that a pressure of only 7 mm was required to collapse
markedly sclerotic vessels In more extensive expeniments on segments
af surviving artenal wall m ammals and man Jancway and Parh i
and MacWilliam and hesson'™ have shown that the lumen of large ar
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teries such as the brachia] may be obhterated by the pressure of only
a few mm mercury  Atheroma and calerfication even of considerable
degree are without appreciable effect on the compressibithity of the artery
and, hence on the blood pressure

There 15 general agreement however that the state of contraction or
tonscily of the underly ing segment of arterial wall may have a more impor
tant effect on the blood pressure than calcihcation of the arterics  Con
traction of the muscular coat of the arterial wall may cause an increase
m the blood pressure level Russcll!” was one of the first to recognize
the effect of hypertonus of the underlying artenal wall on the blood
pressure  However he exaggcrated 1ts importance  He even thought
that artetiat hy pertonus rather than arteriat bypertension 1s measured
when the obliteration method 1s used

Expertmental work was done on blood vessels in antmals and man
to evaluate the artenial factor MacWilham and Resson' found that
spasm of the arteries of sheep and cattle could greatly mcrease their rc
sistance to compression  Only a few mm mercury were necessany to
compress the relaxed carotid artery of the sheep and ox  The resistance
of contracted arteries to compression however sarted directly with
the amount of contraction present Thus a pressurc of 35 mm was re
quired to obliterate the carotid of the sheep contracted at body tempera
ture and a pressure of 63 mm was required to obhterate the carotnd of
the ox when the temperature was lower a pressure of 186 mm mercury
was at times required to collapsc the latter Irom a study of human be
ings MacW ham and Kesson'” concluded that abnormal resistance of the
artenial wall due to contractson of the muscular coat can play an 1m
portant rdle m elevating the blood pressure  Janeway and Park ' on
the contrary as a result of expeniments on surviving oy artesies and of
a study of human arteris after amputation and postmortem felt that
hypertonic contraction of the brachal artery sufficient to cause an
error of more than 30 mm mercury was improbable

Although the results of the ammal experiments cannot be apphed
directly to man it seems evident that <pasm of the sgment of the
arterial wall underlyiny, the pneumatic cuff may be a sigmikcant factor
n some cases 1n causng an mcrease of the blood prussure

According to MacWillam and hesson ' continued or repeated com
pression as well as massage of the artenal wall sepment may overcome
an eusting spasm  To ehmumate 1t the blood pressure should be taken
several times 1n rapid succession on the same arm  This procedure ms
not only overcome the underly ing spasm of the artersal wall but may 1lso
reduce the psychie stimulation caused by the examination A comparison
of the blood pressure in both arms should be made after sucha procedurc
1n an endea or to determune the degree of elcvation of the blood pressure

caused bs the spasm
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WEIGHT

The blood pre~_ure tends to mcrease wotb rereasrg we chit Thes bas
been “hown to be true bv many mves wrate~ ard ka. been gereralh
accepted Svriond  tn compang the blood preswue of the beaviest
and lizhtest groaps of accepted n wrarce k. of all azes teend that
there wa_ an average mncrease ot 10 i 1n the sv<tole presure i the
former and a proportional mcrease 12 the datel prewsire Hiter'™
after exammmng 1 352 healthn men tourd that 0 percent o those who
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The mechamsm whereb) increastng werght causes a rise in the blood
pressure 1s not clear  Ragan and Bordley ™ using the standard 13 em
wide cuff have shown that the soft tissue factor in very obese arms mas
be wmportant i producing an 1ncrease of the blood pressure reading
However this would apply only 1n a small number of cases  Moscheo
W1t2** has suggested that the nse m pressure 15 a compensators effect
to meet the extra burden placed on the heart which does not always
heep pace i size and weight with the growth of the body  He felt that
this could explamn the reduction m blood pressure after weight loss and
the tendency to low blood pressure m thin indniduals

Couversely reduction i weght produces 2 lowering of the blood pres-
sure  This holds true not only for hypertensives but also for normal m
dinviduals  Thus 1n a study of 1000 obese patients Preble'®® demon
strated that a reduction of 10 pounds 1n weight caused an avcrage drop
of 18 pownts i the systolic pressure and 10 pomnts in the diastolic pres ure
Simlar results were reported by Terry ™ Bauman ' Moschconitz '%

and others

RACL AND ( LOGRAPHIC 7 OCATION

The blood pressure level seems to vary with race and geographic lo
catton  People 1n troprcal and subtroprcal chmates appear to have
lower blood pressures and the incidence of hy pertension among them 1s
fon  Thus certain groups of Chmese Filipinos Puerto Ricans Last
Afnicans Inditans \rabs and abonigine Australans seem to have 2
lower blood pressure and less hypertension than do the North Smencan
or other Western peoples 1%9-198  Whether this difference ss racial or
chmatic i onigin or 1smostly due to a slower tempo of hfen the warmer
chimates 1t 1s difficult to sav  Amercan negroes however have higher
blood pressures than do white males after the age of twenty  Alvarez
and Stanley ' 1 a study of blood pressure rcadmgs in 6000 prisoners
found that the blood pressure rose more rapidls with age i negrocs than
in whites  In a comparative study of 8000 apparcntly healthy whte
mdividuals and 6000 apparently healthy negroes Adams 1 in New
Orleans found that the blood pressures of the colored were higher than
those of the whites  After the age of forty aho the pressure mncreased
more raptdly 1n the negroes than in the whites Woss and Prusmach *
found a reportedly greater inadence of hypertension i the negro than
n the white race  Among 1000 negro male factory workcrs in the Cmn
cinnats area 249 had hvpertension  whercas among 1000 male white
worhers of approumately the same age sn the same community only 91
had hyvpxrtenston  These findings are i distinct contrast to those e
ported by Donnwson ™ he found that the blood pressurc among African
negroes 1s about the same as that among whites up to the fourth decade

after which 1t 1s distincthy lower  Thus African negroes appxar to have
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a fewer blood pressure than do those of their race who live m Amenica
Thes at once supgests that psychogenic factors probably play an wmpor
tant rdle m the production of the higher blood pressutes among the
American negroes

China appears to prowide an environment favonng lower blood pres
sures  Cadbury ¥ taling the bloed pressure of 774 \oung Cantonese
students found that the svstohe and diastolic pressures were lower
when compared to the pressures of Luropean or Amencan youths of
similar age woght and beight  Tung *# studied the blood pressures of
38 Amencans before and after they rewded 1 China  He found that
the average svstolic pressure decreased 9 mm mercurs  and that the
drastohe decreased 11 mm  duning therr ressdence i China  Forster®
also found that Ocadentals hving i Chana have 3 Jower blood pressurc
than Amernicans the average for the foreigners bemng the same as for
the local Chinese  Comverselv  harahowes?® has stated that the blood
pressure of Chmese after long residence i Canada approvimates that
of other Canadian residents and that essential hypertension 15 common
among them  This tends to mdicate that the differences n pressure may
be related to the physical emironment  The slower tempo of hife and the
decreased amount of ps+ chie stress in the eastern countnes undoubtedls,
have an wnportant effect on the blood pressuse

NMEALS INGESTION OF LIQUIDS DIET STARVATION
ENERCISE ALTITUDE ETC

“Fhere are many other factors which affect the blood pressure but these
arc of hittle chmical importance and as a rule exert 2 neghmble miluence
onit  Many of these factors werc sllustrated by various ohsenvers at the
begmnmg of chmeal sphygmomanometry  Howeser ther techmique
was wnaccurate as compared with present day standards (they emploved
the » o armlet with the Rna Reca sphygmomanometer the von
Basch and Gartner spin gmomanometer) but the trend of thesr results
15 still correct  4s was previously stated a number of studies have
shown that the bloed pressure falls during the early hours of sleep
During the davthe pressure has been found to mezease slowly reachung
amaximum w the early esining asaruleat & 33 and then decreasmg
somewhat until bedtime ¢ *137 ° 29 Some of this diwrnal nse has been
attributed to the digestion of food 34 ¥ 88 2 ven gnee thiscauses a
shght but detintte nise in the svstohic pressure and a lesser nse 1n the
diastolic  Ingestion of hiquids 7 5254 can also increase the blsod pres
sure

Diet also may evert a munor effect on the blood pressure  Thus Satle ¢
campared the pressure of vegetanan and meat eating monks and found
that the attcr had a conswtenthy fugher blood pressure in each age
group  Startation can lower the blood pressure 2s was strihinghy demon
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strated during and immediately after the two World Wars by observers
in Germany 27 Tt 15 of course a factor of munor mnportance in this
land of plenty

Muscular evercise! 3 ' 18 may account for some of the tncreasc i the
pressure duning the day ~ With hght exercise the dastolic pressure may
remain at a normal fevel while the svstolic nses several mitimeters
Strenuous eercise however causes a marked mncrease mn the svstolic
pressurc and a lesser mcrease in the dstohc pressure both duning and
after the peniod of exercise A1) these factors account ta some degree
for the dwurnal variation i the blood pressure

Postiton usually has httle effect on the blood pressure  The Commuttee
on Standardization of Blood Pressure feels that there 1s no sigmficant
difference in the blood pressure taken i the g or sitting posttion
The standing and recumbent svstolic blood pressures alo differ ven
httle asarule However the diastolic pressure 1s usually higher m the
standing than in the recumbent positton  This difference mav amount
to 8 mm mercury or more 11 some cases '*

Pregnancy 1> considered a factor which mav influence the level of the
blood pressure but the changes cannot be foreseen  Faught ** i a
study of 100 normal pregnant women found marked vanations befow
or above the normal hmits but the average remuned withm normal
limts  Comell ® n 1000 pregnant women found 1S per cent to have a
sy stoltc pressure of more than [40 mm mercurs 1 general he found a
shght drop duning the third and fourth monthw of pregnancy and a
gradual mcrease from the scventh month until the time of delivery

An wnegualthy of the blood pressure wn both arms was at one tume con
sidered to be a sign of an aneurysm of the ascending aorta It has been
shown however that mamy normal people may have a different pre ure
i each arm  horn and Cumand ™ m 1000 healthy people (/31 maks
and 269 females) ranging mn age from sisteen to forts mne sears found
this condition present 1n 3% per cent of the cases  In 21 per cent the
difference was more than 10 mm mercurs  Seventy five per cent had a
higher pressure in the nght arm than in the left  The evact mechanism
of this di panty n the brachial pres ure 1s not known

Changes 1n altitnde have very hittle effect on the blood pressure and
what effect occurs 1s a vartabl. one  Clough ™ and others ™ ™ found
that 1t was impossible as a rule to forecast the wfluence which a change
1 altitude would have on the blood pressure  In some cases a shght
f1ce occurred 1 wome a shght fall while in many the hindings were un
changed

Stavary

\fam factors affcct the blood pre sure reading - Tho should be con
advred i cach mdadual case m evaluating yanations of the blood pris

<ure from the normal
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"The most important {actors are

{1) dge ond Sex ~Blood pre ~ure tormdly merass with e Tt
lower mn females under 40 vears o) 1 mpared with maks and 1
higher mn females after the age of © Al and wx thereton mu t e
considered when the normal range o bhod pre ure is dehned

{2} Fmotien —FEmotional disturbante ¢ pecalh kear cauv e tran
ient blood pressare efevation  This mat have ome progno tic sumh
cance indicattng an merea od tendenay tonard the dondopment of
asustamned hvpertension later i jne Fhe varbihty o the blood pres
sure caused by the emational tactor ha been Jarmh chmmated v
cordwg  basal blood pressures  Howeser this nv pot practieal m
chnieal medicme vhere the <@ ual blood pre ure nroading 1 the
one utiized  The latter 1s undoubtedhy a ddosr 1ppronimation to the
level of the blood pressure with which the patnnt Ines m s tandn
bre It 1 mmportant thercfore to endeavor to estibh b the normal
range of the casual blood pressure

Less important factors are

(3} Soft Tassue and 1 ascular Factors ~Vath the tandard 15 em cuff
an excess of soft tr sue such as oLTUTS 10 2 ATV ObU PUPOR MAY QU
an mcrease 1n the blood pre sure readin,, 2 thin arm may cause te nead
to be too low Thickemng of the artenal nall and artenoschre s do
not affect the blood pressure reading  Spastic contraction of the muscular
coat of the segment of the arterra} wall underhoang the pneumatic coff
may cause an elevation tn the blood pressurc This mas be emmated
by mas-age or repeated compre LR with the cuff

(4) Obesity ~ Ihe blood pres ure mereax with anerer ed weight
and 1s lowered by weght reduchion

(5) Race Veals Evercise Postton Wtstude Pregmancy and Starg
tton —These are munor factors which do not uxert an appraable effeet
on the blood pressure
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Chapter IV

THE NEED FOR INCREASING THE RANGE AND
LIMITS OF NORMAL BLOOD PRESSURE—NEW
LIMITS OF HYPERTENSION

SincE hy pertension and hypertensive heart disease are today considered
to be among the commonest typesof cardio vascularafiections 7 the cor
rect chmeal inderpretation of blood pressure readings 15 of paramount
portance This 1s assurung an ever mcreasing importance because many
more people now undergo routme health exammations m the physician s
office 1 industrial plants i public health studies 1n the military estab
hshments and in life insurance companies  The need for the proper inter
pretation of blood pressure values 1s growmng more urgent also because
of the mcrease m the number of older people i the United States—
the increase resulting from the lengthening of the span of ife durmng the
past several decades

In spite of the large amount of data that has accumulated a wide diver
gence of opmion still exists concerning the normal range of the artenal
blood pressure Duning the past thirty years an increasing number of
anthorities in the field has accepted 140-150 mm mercury as the upper
Iimut of the normal systolic pressure and 90-95 mm as the upper hmut
of the normal diastolic pressure irrespective of age and sex These
constitute the present commonly accepted imits and have been estab
hshed largely through studies made by life insurance compantes Their
results were based on data which related the average blood pressure
readings to group mortality rates Their tables are still cited 1 most
textbooks as the basis of normal blood pressure levels

Notwithstanding the fact that insurance companies have contributed
much to medical progress through their accumulation of vast amounts
of matertal and of experience in varzous fields their conclusions regarding
normal blood pressure limits cannot be accepted m clinical medicine
The objections to using msurance company mortahty statistics as a
‘bass for the estabhishment of normal blood pressure imits are mamiold
nsurance companies are concerned only with a highly selected group of

accepted nsks  thev consider the longevity and mortality of large
groups and their results cannot properly be applied i chnical practice
which considers individual cases  They examine more males than females
the majonity of whom 1s young—and since hypertension 1s known to
be more seriaus 1 youth than 1n age and to result 1 hgher mortalits

in men than in women the insurance company figures are biased The
(1)
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nsurance compantes disregard also the degree of wdividual varabihity
of blood pressure, which 15 a physiologte charactenstic and disregard
also the ncrease in the pressure with mcreasmg years Indeed the m
surance companies approach to the problem has n reihty been an
attempt to define an 1deal blood pressure rather than its normal range
of vartation

Insurance statisticians sech to determmne the particular range of blood
pressure within which they can accept nsks with pronit  Hunter2»
actuary of the New York Life Insurance Company frankly stated that

the purpose of the preparation of these statistics was not to eveite
public mterest or cunosity but for actual use i a great bustness
Svmonds 7" VMedical Director of the VMutual Life Insurance Company
put the matter rather well Probably Iife insurance and general
medicne will never regard blood pressure i the same lght Iafe
msurance sees only persons who are healthy or think they are  ( eneral
medicine hnows that many patients with high pressures (170- 200 mm )
will live for many vears  If 2 practitioner should see 1000 patients with
high blood pressure at age sixtv and wager with himself that 974 would
survive the vear and only 960 survive he would not feel downcast
In fact he would probably pomt to the record waith pride and boast of
his ability 10 progno~s  But life insurance would hase to tell him that
his mortaltty was 150 per cent in that group and a medical director
who did not make a better guess than that would not hold his positron
Iong  General medicine would look complacentisy at the Ining but hfc
nsurance would ruefully regard the dead for 40 clams would have to
be paid mstead of the 26 cxpected  Other insurance authonties have
emphasized the pont that 1t was unwise to accept msurance company
Imuts too hteralls and that a less dogmatic point of view was mdicated
\achenzie ® of the Prudential Life Insurance Compans states that
The systolic may vary to such an extent undcr emotion nervousness
muscular strain cte  that 1n our judgment we may usualiv disregard it
when the dmastolic 1s narmal for the age and the applicant normal i
other particulars  Furthermore according to Machenzic blood pres
sure readings deadedhs bevond the acceptable imits  are constanth
reported but are not usually considered cause for immediate action n
otherwiee msurable nshs  The figures which Machenzie™ gives should
be used  1» guides and not arbrtrary hmuts

Tt seems obvtous from the forcpomg that the blood pressure himts
sct by the msurance companies are too nmd but before we aave ths
topne we must mention the imuts set by Robimnson and Brucer ™ whos
study 1s widely quoted because these areeven leas hiberal than these st
by hfe msurance compantes  They mamtuncd that the upper hmit of
the normal blood pressure was 12080 mm. mcreury for all ages and for
both scres  Triloar™ beliesed that the statistical methods umploved
by Robmson and Brucer were unsound  His main enticsm was that
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their conclusions were based on a based selection of cases and did not
represent a fair random sample  Furthermore all cases with a blood
pressure greater than 140/90 mm mercury had been ehmmated from
their study without proper justification  For these and other statistical
reasons the vahdity of their conclusions 1s ghly questionable

Since as has been shown the present day blood pressure limits, set
by the msurance companies are unsound and since the same hved
limuts for all ages and both sexes cannot be accepted a more hberal ap
proach to the blood pressure problem, and a correct chinical interpretation
of blood pressure measurements are necessary From time to time
various reports have stressed the need for liberalizing our concepts of
the limuts of the normal blood pressure The results of these mvestiga
tions fall mto 3 large groups

1 Those indicating that the blood pressure imncreases sigmhcantly
with age

2 Those demonstrating the high ncidence of so called hypertension
in the normal population

3 Those showing the bemgn course of many  hypertensives

1 BLOOD PRESSURL INCREASES SIGNIFICANTLY
WITH AGE

Physicians have long known that the svstolic blood pressure increases
with age The dictum that the normal systolic bload pressure expressed
inmm mercury equals 100 plus the patient s age expressed in years was
commonly accepted mn the earlv period of climical sphy gmomanometry
Other formulas ? °® based on the age of the patient were later mtro
duced Peters®7n 1925 stated that the normal sy stolic pressure ranged
from 90 to 130 mm plus one half the patient s age n years—thus
for a man of forty its normal range was between 110-150 mm  Alvarez
and Stanley % on the contrary stated that a pressure of 115 mm 1s
Just as normal and a pressure of 14015 Just as abnormal 1n an old man as
mnayoungman  According to them the blood pressure varied little with
age—and tiis opimwon has been generally accepted Within the last
twenty years or so therefore the upper hmit of the normal systolic
pressure has been lowered so that today 140-150 mm mercury systolic
and 90-95 mm mercurv diastolic are generally regarded as uppermost
normal levels 1rrespective of age

Observations reported by numerous investigators over the course of
manv years however disprove the concept that the blood pressure
1s normally altered hittle by age Iotam in his extensive expenience with
over 11000 blood pressure readings found that the systohc pressure
normally did increase with age 1In 1909 Tavaststjarna *® i Finland
reported the normal pressure ranges which he had found in 487 people
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from seven to minety years of age The follow mg table has been adapted
from his results

TABLE ¥ —BLOOD PRESSURE 1N 175 InDIy tpuALs—TavastsTy AR &
(1909 Apaprep From hyLIN)

Systol ¢ Pressure

A umber

140 Ronge Lirage  ofCars
16 89 142 111 28
18 95-132 112 12
22 92-142 116 58
25 95-142 122 20
26-30 110-142 21 21
31-40 99 170 121 21
4143 102-180 134 5
81- @ 130-175 155 3
71-80 142 248 199 7

Although the number of cases in each age graup 15 relatively small the
trend to an increase n the blood pressure with age 1s apparent

Simlar results were obtamed in studies on older age groups v Wildt ™
m 1912 Wikner ® in 1916 Bowes ™ 1w 1917 and Richter ™ in 1923
Table VI taken from Richter is representative of therr tindings Al
the patients were ambulatory  Those with nephrits and heart discase
had been excluded

TABLE VI “oRyar BLoob } RESSURE I\ OLuER Age Czot Ps—RICHYER (1923)

tecrag Y umber
Age  Systol ¢ Pessu e of Cases
60-064 13% 10
6569 150 29
70-74 156 35
7579 155 52
80-84 157 )
85 89 161 15

Tt must be stressed that averages are given i ths table  These do not
take mto account the normal vanation of the blood pressure and hened
do not represent the imuts of the normal - The upper hmit of the normal
blood pressure 1» necessanly hugher than 1 the average pressure  This
1> mportant and shotld be bomne 1n mind when subscquent reports are

evaluated
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In 1928 a very important study was published by Saller * who
recorded the blood pressure m 4 128 people m an out patient clinic m
hiel He excluded all patients with orgame heart disease hidney disease
anemma diabetes fever and endocrnnologic disturbances His results
are summarized 1n Table VII

Tante VII —BLoop PReSsURE RANGE IN 4 128 PEOPLE—SALLER (19 9)
R g fSyil P ssye

-
Age M Tomen

21-35 & 98144 { 99 138
36-47 100-155
48 53 96-154 100-190
54-59 97-159 104-196
60-67 93 173 102 216
6883 86-196 12 222

The salient findmg of Saller was a gradual increase in blood pressure after
the age of forty seven the rise bemng higher m the females than i the
males The wide range of the systohc pressure found bv Saller 15 also of
great importance It 1s obvious that the use of the a erage blood pressure
as a criterion has very hittle value when such a wide range exists ~ Saller
did not claim that all blood pressures 1y ing within these himits were normal
He concluded however that if the blood pressure 15 within these imits
one cannot be sure that 1t will have anv influence upon the length of life
of the mdividual He suggested that the mcrease of blood pressure
with old age should be considered a part of the ageing process and that
1t mayv be lkened to other changes which occur with age such as those
found 1n the hair the teeth the eves and the hbido

In an excellent critical review 1n 1936 Bordley and Fichna® presented
a table arranged from materal collected by Weatherby which demon
strates nicely the nise 1 blood pressure with age and the higher blood
pressure levels i females m the older age groups Cases with nephntis
and aortic msufficiency had been excluded

TasLe VIIT —AvERACE BLoop PRESSURE ( ™M M RCURY)—WEATHERBY (1935)

Va( 8) Wom u (3258)
1g Syt1 D tic Syt e D
15 19 116 73 18 s
20-29 120 77 120 77
30-39 123 50 125 80
4049 12 82 139 36
50-59 137 8s 153 90
6069 17 8 164 93
70 & over 158 89 174 95
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Weatherby found that a nse i diastohc pressure alvo occurred with m
Creasing age
Lewis *1n 1938 studied the blood pressure of 100 men 201 each dec

ade from fortv to eighty nineyears and found a defimte nse1n the sy stohc
pressure with increasing age  The average diastohc pressure however
did not change much  In 1941 Maller * reported on blood pressure studics
on 853 men and 128 women fifty years of age and over  He also found a
defimite nse 1 the average s) stohc pressure Rith age the pressure being
higher 1n women than in men of all age groups The diastolic pressure
however varied only shghtly In 1946 Russch ' and his associates
reported on the blood pressure levels of 533t men between forty and
sixty five vears of age  Their results were as follows

TaBLE IX ~—Broop PRESsURE v § 331 MEN—RU  Ex (1946)

Arerage Blood Pressu ¢
Onm Xere v)

—— e Numb

g Svsiol ¢ D ostlec of Cuses
40-49 135 86 1640
50-59 141 87 1518
60-69 151 8 124
70-79 157 8 2
80-93 162 88 381

Russek concluded therefrom that the a crage syvstolic pressure inereases
significantly with age whereas the a erage diastolic pressure shows hittle
vaniation after the sixth decade  On the basts of these and other studics
Russek ¥ # suggested that the formula 100 plus the age  m reflect
fairly accurately the tendency of the normal svstohic blood pressure to
ncrease with age

\Mary Gover “1n 1948 reported the blood pressure measurements 1n
9 776 white persons who Ived 1n rural communites  The examimattons
had been made under the superviston of the Farm Secunty Adminstra
tion 1 1940  Although this was a selected group of ndmduals her

findings are of interest
Tasix X —Broc) Pre. tRFIN 97 6 RURaL [NDBVIIUAL —CovER (1949}

trrage Pess  (mm Mocw y)

’—_‘.\I 1 Fem les
e Systolse D g tolic Syl e D ouole
15 24 126 3 12¢ 7
25 34 ] 8 130 &0
544 133 az téo a3
45 8¢ 142 ac 152 L
9t 169 02

5580 T 158
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Thus 1 addition to the rse in systolic pressure Gover found that the
diastolic pressure also mcreased with age  The mcrease in the pressure
was greater in women after the age of forty

All these findings present a potent argument aganst the thesis that
age does not significantly affect the blood pressure It 1s evident there
fore that the physiologic effects of age and sex on the blood pressure
must be taken into account when new normal blood pressure hmuts are
determined

2 HIGH INCIDENCE OF SO CALLLD HYPERTENSION
IN THE NORMAL POPULATION

As a corollary to the fact that the blood pressure increases sigmficantly
with age one would expect to find a lugh mncidence of hypertension
1 the normal adult population  Indeed this has been evident to many ob
servers i the last thirty to forty vears as shall be shown directly  Since
the normal increase 1n the blood pressure occurs at a much more rapid
rate after the age of forty the mmadence of so called hypertension mn the
normal population over forty should especially be striking and should
increase with increasing age  That this 15 so has been shown by many
studies on groups under and over forty years of age

Barach and Marks ™ 1n 1914 were among the first to point out that

a significant number of voung healthy men (below forty) had an increased
blood pressure They examined 747 male unnersity students who
presumably were m good health  Four hundred and two (75 per cent)
of the cases were between seventeen and twenty one years of age only
2 bemng over thirty one  They divided the group 1n 2 senies only for the
diastolic readings  They employed the hith phase m the first group and
the fourth phase in the second group for thewr blood pressure readings
They found that 24 per cent of 656 of these students had a sy stelic pressure
of over 140 mm mercury and that 9 4 per cent had a systolic pressure
of over 150 mm  Thirteen per cent of the second group (312 cases) had
a diastolic pressure of over 100 mm mercury Lee % examined 662
Harvard freshmen whose average age was eighteen years Twelve per
cent of these voung men had a systolic pressure of over 140 mm mercury
Alvarez® found that 22 per cent of a large group of healthy college fresh
men (sinteen to forty years of age) had a systohic blood pressure of over
140 mm mercury  Diehl and Sutherland * obtawmed the same results 1n
115 per cent of 2 similar group The great majonty of these students
was under thirty years of age (Table \T) Dung  in Germany Walko
m Czechoslovakia and Moisset de Espanes ©1n Argentina also reported
a large number of young people (under thirty years of age) with a sy stolic
pressure of over 140 mm mercury

The ncidence of elevated arterial blood pressure according to the
old accepted limuts 1n the healthy voung adult population is thus proven
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TABLE XI —Pgr Ceny oF HEALTHY Y 0UNG MALES (L NDER 40) wimi Svsroric
PRESSURE OVER 140 W MERCLRS

Tresipun Totol N umher
4 the Systoly ore 140 From o
Barach & Marks (1914) 24 per cent 656
Lee (1915) 12 per ot 562
Al ar z (1923} 22 per cent 6009
Diehl & Sutherland (1925) 315 per cent S22

to be quite ligh perhaps therefore the hmits of normal that arc com

monly accepted are too low  If they are not an onduly large number of

the young adult population w1l be constdered to be hypertensne  The
necd for a new approach to the problem 1s therefore agamn evident

Pe ceant QVER 40 YEARS QF AGE-MALES

100

(._.- Snt ! P 150mm ™
=~ Datp 9Swm  m R chter

80 ¢~

Mater Maks D <k

Russ &
40 -

NG Maste Mk Dk
s

~——
2 o ————
Rus ok
° ] 1 1 1 ——t
a0 53 60 70 [ W e Grour
[Ty ta to ta to to
ag 50 69 79 117 99

Fio 3 —Percentage of ¢a es with systolic pressure of 150 mm mercury or
mote and diastolic pressure of 9 mm mercury and over given by different authcrs

hypy "
caterna (150 90 9> mm mmcreury } are emploved  Anu

In the groups who are over forts vears of age the high proportion of

rtensives Is even more strhing and sipmbicant o the proent das
mbcr of impres ne

studies has been published on this subject a few of the more ymportant
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ones are summanized in Figure 23 In 1912 Waldt = found th

per cent of people over sixty years of age had a systolic hy

Similar findings were reported by Weitz °and by Richter

studies done on an unselected Jarge group of patients Gager '1n r».
Blackford Bowers and Baker 1 1930 and Braasch Walters and
Hammer % 1 1940 found a steadhly increasing percentage of high blood
pressure with increasmg years and a conspicuous nise In 1ts frequency m
the fifth decade “Furthermore, after the age of forty the madence of
hypertension j_gs_fﬁdumghe_ggaicuw& than 10 men ‘1@
accotdance with the hnding that the normal blood pressure increases
with the \ears, and 1s greater i females after the fifth decade than m
males = T
“In 1943 Master Marks and Dach®™ analyzed the blood pressure meas
urements found mn 14 849 people (8 483 men and 6 366 women) These
were industrial workers residents in homes for the aged and non selected
patients m a general hospital The following table, taken from their
report summarnizes the mcidence of hypertension found according to
the various dehnitions of the normal

TaBLE XII ~~INCIDENCE OF HYPERTENSION IN \OR 141 POPULATION—
MasTER MaRKS AND Dack (1943)

Percent g
Degree of Hyp 1 nsion ——
AgeG P Yeas Vale Fem 1

14090 or ov 40and over 50 60

50 st 72

60 70 70

7 7 82

150/90 o o er 40 a1 51

50 50 62

6 0 70

70 6 7

150,100 or over 0 32 4

50 13 56

60 55 66

70 62 70

A study of ther results reveals that the inaidence of hy pertension nises
n each decade until the age of eighty whatever the accepted normal
Iimts may be The percentage 1s always higher in women Thus using
the commonly accepted himts they found that almost one half of the
people who are forty years of age and over has hypertension ~ High
blood pressure was present m the majonty of men who were sixty and
over and 1n women who were fifty years or older
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TasLe XT —Per CENT oF HEALTHY V0UNG MALES (CADER 40) wimn Sy<roLic
PRESSURE OVER 140 MY i RCL Ry

Per Cent Wath Totul Nt myber
tutho Systol c orer 140 Txapun d
Barach & Marks (1914) 24 per ent 650
Lee (1915) 12 percent 662
Alvarez (1923) 22 percene 6000
D ehil & Suthertand 11925) 11 5 per cent 5122

to be qurte igh perhaps therefore the imits of norma) that are com
monly accepted are too low  If they arc not an unduls large numbes of
the young aduit population will be considered to be hypertensne  $he
need for a new approach to the problem 1s therefore agam evident

Percont OVER 30 YEARS OF AGE~MALES
100
—— Srtlcp 150mm = ¢

-——- bl P 9Smm m R chte

80

Mardk Dk

60 ¢+~

T ™ _Masts M s Dack

~———
————— el
» - 7k
o 1 (1 A AL 3
A0 33 o 70 a0 o0 Ags Gro o
> o to w© ta o
49 59 49 9 &9 99

F16 233 -5 evcemtaze of <ases with sistolte pressure of 150 mm mtrtur;x :)‘r
ote and diastolic pressuse of 9> mm mercury and aser gren v different autho

Tn the groups who are over forty vcars of age the high pmportmrl‘ of
hypeetensives 18 even mare stnking and sigmficant af the present day

1 (150790 9> mm mercury) are emploved A number of impressise

i few of the mon mmportant

studies has becn published on this subject, 3
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sure Jsmits pst be hberahzed  Indeed so called by pertension 1s the
rule rather than the exception i women over fifty and w men over
sixty  Master Marks and Dack * have stated that the high inadence
of systohc pressure m people over the age of fifty should not be 2 cause
for alarma A shght or peshaps even a moderate degree of  hyperten
ston 1w older age groups should not be considered Bbnotmal; if thetom
monly accepted criteria 6f narmat blood pressure hmts aeused™
My aetepled covena el bidod preoire A A

3 BENIGN COURSE O MANY ' HYPERTLNSIVES

© \IWMe with blood pressure readings above
the commonly accepted imts who e their normal hife spans without
complications related to thewr blood pressure—their so called hyper
tension runs a berugn uncomphicated course for jong penieds of time™
Several reports have appeared swhich confirm this tnding 16 1926
Waeitz ®in a three to fourteen year follow up study of 100 hvpertensn es,
the great majonity of whom had a systohie pressure of over 200 mm mer
cury concluded that the cousse of hypertension 15 often relatnely
favorable In 51 of the cases the blood pressure remamed unchanged
or shawed o tendency to fall over a pertod of from three to eleven years
Blood and Perera® have recently reported on 50 patients who shen
first seen exhibited asymptomatic and uncorapheated hypertensise vas
cular disease  Ther mital pressure repeatedy exceeded 140/90 mm
mercury  These patients were Iollowed for {rom ten to twenty seven
sears the gverage length of observation bewng seventeen years The
majonty shosed well estabhshed hypertension at the time of the first
evamnation 2nd may have kad an elevation of the blood pressure for
an mdetmte period before 1t On_the hasis of their findings, Blood and
Perera™ concluded that  hagh blood pressare  may be compatible »ith
many years of survival and well bewg Similatly, PErera ™ i a survey
of 2 14/ hypertensne records with a detarled study and observation of a
group of 250 patients, found that Jong survival (more than twenty 3 ears)
oftenwyth comparative well being tspot aranty YHe emphasized the fact
that the average g Sxpectaney;mitesronss wundoubtedlvlonger than
1 generally assumed, A smutar study by Ranges of 241 cases of  hyper
tension  also demonstrated that ws course was freguenthy bemgn
Burgess * observed 100 patients with blood pressures of 180/100 mm
mercusy or more for at least eaght years o concluded that the
PIOEness in even severe ks pertension was usually fasr though the conds
tion had been present for eight years or more provided that it was
not 4 with well lished cardiac or renal disease  Such
patients may e to withm three or four years of the average hic ex
pectancsy

By far the most evtensi ¢ and comprehensi e foflow up study was done
b Beehgoard ™ He studed $ 038 chme patients (32> men 713 women),

&
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who, at the first examination had a blood pressure of 160/100 mm mer
cury, or a systolic pressure of 180 mm or more A second examunation of
1002 of these patients was made four to eleven vears later Bechgaard
compared the mortahty of this group with the expected mortahty m the
Damsh population in similar age groups  As was to be expected he
found that the mortality ratio rose directly with the heiht of the blood
pressure  Howeser the increase of this ratio was marked for those with
a sy stolic pressure only exceeding 200 mm mercury i men and above
220 mm mercury 1n women  As regards the diastohc pressure agamn

Sytol Pes 160199 mm Hg  ammm
Dol Py 100129m, pov—
MALE G e 1Popigt m Hy o FEMALE
1

Fi, 24 —Moreahty rate of patients with systolic pressure of 160 to 199 mm
mercury and diastolic pressure of 100 to 129 mm mercury —compared to the mor
tahity rate of the general Danish population (modified from Bechgaard)

a distinct rise 1n the mortahty ratto was observed among males only when
this reading exceeded 130 mm mercuny (Fig 24) and among the femalcs
when 1t evceeded 129 mm mercun  Thus based on the blood pressure
readings alone this study shows that the survival record 1s fair in the
great majonts of cases with moderate elevation of the blood pressure
This 1s especially true of women tn whom the mortality from non

complicated hyvpertension elimmating the most severe degrees 1s but
shghtly hiher than 1s that of the general population  ‘The findings of
Bechgaard are indeed strbang The observation that many people
with high blood pressure Iive to & ripe old age suggests that undue sigm

ficance 1s frequently attached to the degree of hypertenston

" The benign course that many so called hypertensies run suggests that
many patients arc included 1 this group who might wcll bo elassihed
as betng, within the normal blood pressure range  ‘These puople are often
enthustasticalls  but apparently unneccssanhy treated for _lugh blood
pressufc e T T T T - -

~The handwniting on the nall proclaiming the need for a hberahzation
of present day normal blood pressure limits has been drscernible for some
As a nsult some physictans have arbitranhy sct highcr normal

b ¢ older age groups Iast and Bam™ used 2 Iimnt of

uruts Thus, 1 th
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160/100 Evans® 180/110 Deschamps® 180/100 and Perera and
Atchley ¥ 180/100 mm mercurs  Others have commented on the di

culty of deffiing the normal blood pressure hmits Dexter ™ states that
1t 15 ¢ impossible to define a truly normal level ~ Gavey ¥ has wntten
that there 1s no normal for old age  None of the earlier accepted

ng_norma

lumuts takes mto account the important influence of age and sex which
must be considered in establishing new hmuts of normal blood pressure

SuMMARY

1 The present day normal blood pressure limits were established
largely as a result of hie studies Concl drawn
from thest. studies are not applicable to chinical medicine simce they are
based on the findings 1n a selected group and are denived from a statistical
analysis of group mortahtv rather than from a consideration of ndrvidual
unselected cases

2 Many studies mdicate that the blood pressure normally ncreases
sigmificantly with age  This nise 1s more rapid and greater i females than
1n males after the age of forty

s There exists a lugh incidence of so called hy pertension in the normal
population  Using present day hmuts studies indicate that the majonity
of women over fifty and of men over sixty 1s  hypertensive

4 Many people with elevated blood pressure may hive their normal
hfe spans_without complications related to the Blood pressure

T The need for upward revision of the commonly accepted himits of
normal bloed pressure—140 to 150 mm mercury systohc and 90 to 92
mm mercury diastolic—for each age group and for both sexes 15 there
fore clear
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Chapter V

PRESENTATION OF \EW LIMITS OF NORVA[
BLOOD PRESSLRE

\UMEROUSs studies have huitherto been made on the muts of the normal
blood pressure and vanous results have been obtamed It 1s difficult to
corroborate the data thus made available especially because each student
of the problem has used his own particular technique and has apphed
it to some particular age group  The medical hterature is replete with the
reports of studies made on children <oldters students msurees prisoners
elderly persons and mmates of old age homes The curves representing
the results thus found cannot be combined smce their ends are rarely
continuous

Besides many of the studies have herctofore dealt largely with the
average or mean values of the normal blood pressure and obyrously
the average blood pressure reading gives no ndication of the frequency
or degree of the normal vanation around 1t Important though it 1s
the range of this normal vanation has been disregarded because of the
difficulty of delimiting 1t satisfactonily  Yet 1t 1s precischy the hmuts of
the normal blood pressure range which interest the practicing physictan
and not the average or mean pressure It 1s cvident also that onc
pair of figures for the svstolic and diastolic pressure cannot apphy to aft
age groups and to both sexes  When new muts of normal blood pressurc
are propounded thev must mabe allowance for the effect of sex and 1n
creasing, vears on the blood pressure of the normal population

Several methods can be employved to determme the normal range of the
blood pressure. The most accurate but Jeast feasible 15 to examine each
drvidual 1n a large representative group of the population epeatealy
sear after vear untd his death  The range of vanation of the normal
blood pressure could thus be discovered as well as the sygmficance of
certain particular vanations  An alturnative method 1+ to collect and
tabulate volumimous data on bload pressure fvefs in the normal popula
tion and to endeavor to determme the normal pressure range by statis
tical studies  Wath such a method 2 fair sampling of the population 1s
very important  Alvarez*? has sugreoted that  an adeal way would be

to cxamune ¢very tenth mdwadual passing a certain point on 2 busy
street Allen and Hines ' discuss the difficults of getting a large un
elected group of presumably normal persons for blood pressure reacings
and suggested that  The sdeal was would be perhap to put up booths
1 vanous parts of sveral towns and cities and there to make a pressure

(85)
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reading on each of the first 5000 persons to pass by However, this
too 1s nat & practicable procedure

The insurance companies exammned a very select group of the popula
tion in amassing their data and used mortality figures to determune the
“ normal  blood pressure levels acceptable to them  Tor these reasons
particularly the results of therr studies cannot be apphed w clinweal
medicine

In the study to be presented a statistical dehmition based upon the
distribution of the blaod pressure readings arcund the mean was em
plaved” € asual blood pressure readings were utthvzed smce the casual
reading 1s most often used by the physician asan aid in the dagnosis and
prognos:s of discase  Allen and Hines"s® stress the importance and value
of the casual blood pressure because it 1s the pressure which the panent
has dunng the many hours of the day m which the patient x subject to
the wear and tear of work emation and fatigue  As has alrcady been
shown transient elevations m the casual readings may have prognostic
sigmficance  For this reason also 1t 1s of paramount importance to
endeavor to establish the normat range of fluctuation of the casual blood
pressure as obtamed m cvervday chimeal practice and on special medicat
exarumation

We beheve that the data presented and analyzed m ths report detine
the hmmts of normal blood pressure far both men and women between
the ages of sivteen and sixty five  The group studied 1s large enough to
be representatve of the general population of the United States  The
blood pressure readings were accurately taken by tramed personnel
under conditions which were faurly unform

MATTRIAL

Through the extensive industnal medical services established dumnng
World War 11 blood pressure readings were taken 1n large numbers of
workers who were 1n good health  These readings obtased trom
dustnal plants in vanous sections ot the country lorm the basis of the
present analysis

The majonty of those examned was at work but the readings of these
who had apphed for employment mere mcluded though they mayv have
been rejected  Txecutives clerical warkers and manual workers both
shilled and un kilted all were examined althouph no attempt was made
to wentify specific occupations  The records did not show whether the
individuals were white or colored but the great majonity was white
The method of recording the pressure and the general care used in taking
1t was determined by correspondence  Altogether unselected rccords of
about +4 000 persons i 16 industnal plants and Army mrhelds (avhian
personnel only) were collected (Tigure 25)  This s only atout cne half
of the number of persons who had been examined and whowe records
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were avalable tous  The blood pressure readings of the others were not
considered by us to have been accurately taken and were thercfore
rot deemed acceptable for our analy tical study  All the reports were
carefully scrutimzed Where for example, every reading ended with
zera, they were all ciscarded, since st was 1ssumed that they were not
accurate

Because of the large volume of materral 74 000 accepted readings
random samples were taken so that at least >00 readings on men and

Spoken  Wash

New" &
Pan syl a a {
Bl

Sacram te Calf Qg4 n Uik more

SanBe :d o Calf Oltab maCty O ta

Texas

San Antan

DISTRIBUTION BY AGE AND SEX

Age Mal s F mates
16 24 299 3627
25 34 232 1298
35 84 1129 1215
45 54 10A1 172
55 ¢4 11 786
Tot! 7557 797

Fie 25 —Geographical disenbution and number ¢f afl cases employ e
w ths study

women 1 each hyve year age group were collected  In a few anstances
howerver when the number asadable was less than 500 aff the cass v e
used The data thus tabulated cover 15 706 persons (7 722 men and
%934 women) i eleven tndustrial plants {Ligure 25) *  Ihur ages
ranged from sixteen to sixty five vears  Fhost over sixty fine vears of
age wise omutted from this studs  since thur number was <o small
Samples were tahen at the ages of 16 17 18 and 19 particulards i males

Civ anwork ¢ nArmy o rfctf atMotide Ma © haCus O fa S nfle nardno
Cal Sacramento Cal Sap intomn  Tew Sprhame Yah O fn LUk aw %ukeryin
tbe Broaklyn Navy Yard N} Be blehemSteel € Fa € m 4 fat 3P Ywm € N3
and the Eastern Aur raft € Halumore Md
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during the period before full growth had been attamed 1n order to de
termine the varation m the range of the blood pressure during these
years

‘Though the matenial used had been collected during wartime 1t was but
little distorted, because hypertension and hypotension were relatively
unimportant as causes of rejection for military service  The men mn this
study are more representative of the male population however than are
the women of the female population The men were marnied or single
approximately m the same proportion as 1s found in the general popula
tion except at the military age The occupational distnibution was
presumably similar to that of the urban population The women m
this study as 15 charactenstic of any group of working women were
predommantly single or childless most of them were doing clencal work
This type of bias 1 the female group occurred at practically all ages
and was probably most pronounced after the age of forty five It 1s
doubtful however whether this bias seriously affects the value of the
results since many married women were employed during the war

The data gathered were analyzed as a whole and examined according
to the sex the age the weight and the height of the subjects The mean
readings the standard dewiabions * and {he coefficient of vanation of
the systolic and diastolic measurements were computed directlv from the
raw data In additton the frequency of hypertension as variously de
fined was determuned according to age and sex

STATISTICAL TECHNIQUE

As 15 well known most measurable natural charactenstics yield a
farly symmetnical mnormal  curve or distnibution  In analyzing the
measurements of such a vanable physiologic function as the pressure
of the blood however difficulties are encountered because exact figures
cannot often be obtained Especially 1s this true since physicians tend
to round out the blood pressure readings they obtam to the nearest
even digit—most frequently to zero and exght In the present study
as 1n all records of blood pressure measurements the commonest termnal
even digit was zero or exght  These termmal digtts occurred more often
m the diastolic readings than m the systohe The distribution of the
blood pressure figures below the average for all ages combined 15 also
somewhat different than 1t 1s for those above the average For these
various reasons a perfectly smooth distnibution curve could not be ex
pected Yet in each age group and sex the frequency distnbution of
the blood pressure levels did yield a fawrly normal curve (Figure 26)

The tand d deviat on measu es 1n ab olute t rms the d g ee of scatter or d pers n
of figur  n the dist buton The coefi nt of variaton tpre  the stand d d vaton
& aprentageofth mean Jtisac ntant anddfi  fomth tandard devaton nthat

thestand dden t nmeasuesdegreesof v jation nconc tewnts g pound anch
mm Hg etc while the coefficient of van ton1s a elat ve m asu e of vanat o
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The determmnation of erther the true mean or modal* blood pressure 1n
the various groups studied however was not practicable without labon
ous curve fitting  And since the accuracy of such figures 1s doubtful,
this determination was not attempted

EXAMPLE OF FREQUENCY DISTRIBUTION CURVE
MALES AGES 40-44

PL8_enT SYSTOLIG PRESSURE (mm hy)
20 T
MEAR
12820 +H2 e
RELiA LA g
20 +20
> ==

M SR TR
oﬂﬂ 30 ll‘)O' 110 120 130 140 150 160 170 180 190 200
I 40% 40%

ot AYPERTENSION 17 >

i 27

The range of the normal blood pressure 1s detined statstically, and 1s
based upon the distnbution of blood pressure readings around the men
according, to age and scx  The closer a reading 1s to the average or main
the greater 1s the chance of 1ts bemng normal converwly the further a
reading ts from the average or mean the greater 1 the chance of sts buing
abnormal The standard desiation ¢ 15 the vardstick commonly used to
measure the amount of deviation from the mean  In a normal dlslnbul
tion, roughlt two thirds (63 27 per cent) of all the obscrvations ar f(;um
to be within one standard deviation from the mean {mean = :.«), ant :p
proumntcl\ 95 pur cent of all the obsenations are found to be within

The mode 18 the \alue wh ch occurs most frequently
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two times the standard deviation from the mean? (mean =2 ¢} Smce
there 1s no defimtion of what constitutes physiological normality the
statistical determnation of the normal bload pressure range must of
necessity be an arbitrary one Statistically speaking one may assume
that any reading within one standard deviation from the mean 1s within
the normal range Indeed the normal range may reasonably be ex
tended to include 80 per cent of all observations—40 per cent on ether
side of the mean (= 1282 ¢) (For computed values see Appendix

RANGE OF NORMAL SYSTOLIC PRESSURE AND
LIMITS OF HYPERTENSION AND HYPOTENSION
om g MALES

LoMAU TOFRY BRTE

}rmnm EX pERTENS O
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I 1
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Master Dublin and Marks  The Normal Blood Pressure Range and Its Climieal
Emplications couttesy of ] A M A

Tables 1 2 3 3 5 and 6) All blood pressure readings which are
found to be beyond two times the standard deviation from the mean are
probably abnormal These mclude 2 5 per cent of all the observations
at either extreme The area between the lumts of the normal and the
probably abnormal constitutes a narrow borderlhne range

In Figure 2/ a magmsfied typical frequency distribution curve for the
systolic pressure 1n the forty to forty four year age male group is shown
The calculated mean the normal the borderhne and the abnormal
range according to the definitions given are indicated  Based upon the
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TABLE XIV —N\ORMAL RANGE AND L1vETs oF HYPERTEN 10V

SYSTOLIC
Hypertension
Vo mal Range Lower Limit
Ag Vale Femate o ‘\;‘;;u
16 105-135 100-130 145 1o
7 105-135 100-130 185 4o
18 105 135 100-130 145 140
10 105-140 100-130 150 140
20-24 105 140 100-130 150 130
229 109 140 102 130 150 140
30-31 110 14 102-135 185 18
5 39 10-145 105 140 160 1%
4044 110-150 105 150 105 165
1549 110-155 10155 170 15
50-54 115 160 110-103 175 180
55 59 115 188 10-170 130 135
60-64 115 170 nsts ity 190
Se poge 13

TasLe XV — \orvar RANGF AND Lt of HyPERTRN 10N

DIASTOLIC
Hyperint n
Sorm {Re 5 Lower Lot
Age veal Female Vtale  Femole
16 60-86 ©0-85 90 %0
1 60 36 60-85 90 %0
18 20 86 0-F5. on 90
19 0 8% 60- 89 95 90
20 2¢ 62 &% 60-85 9% 90
32 65 90 50 86 L3 92
30-34 64 92 60-89 9% oy
ELRL) 89 92 05 90 ] o4
4043 10-94 €5 a2 ©o 100
45 49 10-96 65 96 104 105
s0-88 o 08 0-100 106 108
55 80 70 98 o w0 108 108
60~54 0100 70-100 10 1o
Sec par 13

e July 1951 r«m(
Regrint d fr m she SULLFTIN OF THE NP Y KR ACAI FUY (F MFT
gnq\ol 10 0 7 pp AG0-461 Nacand Dld Dek 1 on of Norm LBbod ] ¢ (2%}

S guifhicance of the Netely Lstarieshed Lam 5y
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given statrstical defimtion Figure 28 shows the application of the pro
posed procedure to the determunation of the himts of the sy stolic pressuse
among men  ‘The wide diagonal area i the muddie shows the readings
that may be accepted as beng within the normal range in successive
age groups  The heavier hines at the top and the bottom indicate read
ings according to age that are probably abrermal i the areas between
these two are the borderhine hypertensive and hypotensive zones Thus
graph 1s based on the actual computations However smce blood pres
sure readings themselves are not evact some degree of modification of
the computed values 1s necessary  This has been carried aut w a senes
of tables which show the range of the normal sy stolic and diastohc pres
sure accordmg to sex and age and the hmuts beyond which readings are
probably abnormal™ (Tables Y1V \V)

Blovd pressure reathngs which fall i the  normal range  should be
conndered entirely normal  Those in the mtermediate zone—betneen
this normal range and the lower hmut of hypertension —should
be conudered as probably normal but p who have such readings
should be thoroughly studied before 2 final diagnosis 15 established
Those teadmgs above the lower hmats of hypertension should not
tpsa facto be considered hypertensie though they probably are

RESULTS
1 NORVAL RANGE OF BLOOD PRESSURE

The frequency distrbution curves of the sy stole and dastolie pressure
for each age group and in both sexes are shown i Figure 26 The curves
tend to be somewhat flatter m the older age groups and more symmetnical
1n the vounger age groups but on the whole they show a famrh smooth
dstnbution The walculated mean and normal range are mdicated on
each cunve

In Table \VI the calculated mean the standard deviation and the
coeflicient of vanation are shawn  The latter two indieate the degree of
wdnadual dnersity or scatter of the blood pressure readings

Mean Blood Pressure § alues

\Mean blood pressure readmps both systolie and dhastobic ncrease
with age sn both sexes (Table N1 Figure 29)  The average systolic
reading m men shaws g fasls_smooth nee_up to the age ¥ nity after
fifty, the nse 15 accelerated *In women the nsc in the average syslole
pressure with age 15 somewhat Tess Smooth, bat 1t &6 acruicrated—
after theﬂagc‘gﬁiﬂb “Afger {he ape of twenty, the mise of the diastolic
pressure with age 1s fairky steady i both sexcs a svstomatic aceclerilion
of ThE averags GiRslolie RSdats, 75 Rot Tound Guer any broad age penod
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TASLE XVI —SyS7oLIC AnD DIASTOLIC BLo0D Presstre ReapinG By SEX AND Ace

Sex Systol ¢ D astotsc
Age —
Stand Coef of Stang Coef of
Af on Der V araation Hean Dev Vas tion
Males
16 usg+ 12 10 28 29 10 33 1417
17 121 0 12 88 10 6¢ 74 [N 12 58
12 ne 3 1195 997 744 10 03 1348
19 121 8 14 99 12 31 746 1029 1379
20-24 1229 1374 11 760 993 1307
25-29 125 1 12 58 10 06 78 893 1 54
30 34 126 1 13 61 10 79 785 9 68 12 33
35-39 271 14 20 1117 80 4 10 42 12 96
4044 129 0 15 07 11 68 81 o 53 174
45-49 130 0 16 93 13 02 820 10 81 13 18
50-54 1355 19 2t 1428 834 11 3 13 56
55-59 137 8 18 80 13 64 40 B 13 57
60-01 4} 8 FIBH 13 8% 345 12 36 14 63
Females
16 e 1 12 10 10 42 23 9 55 1321
17 s 0 11 51 992 70 9 15 1272
18 116 3 142 9 82 ns 8 60 17 98
1 s 1 1 87 10 31 7 893 12 58
20-24 s 7 11 83 10 22 mna 9 67 13 49
25 29 16 8 11 43 979 37 9?05 12 28
30-34 1y 8 13 97 1 66 49 10 78 "3y
35-39 1239 13 85 i35 780 10 01 11 83
4044 127 0 17 07 13 44 795 10 60 13 33
4549 1306 19 47 Ha k13 ey 1427
50-54 137 3 21 29 15 51 L] 12 36 14 20
55-59 138 5 21 40 15 45 a3 12 1404
5064 o 2233 15 51 850 1295 152

Regnintedd from Master 4 M Dubla L aniMak H H e Normat Blr 4P sue

Thi
Range sad Its Cl necal Impl cavons J A M A 143 1ind 3950

v Awang hoy s betw een the ages of stxteen and nineteen_an upward trend
1w the a\cr:lgg‘o{h_bgl\h Y the st stalic and The distphe_pressurey 3s fownd.
mongg the other hand both the systolic ﬂndﬂl_(:dlailnhl' pres
Ageng e oo W a, f sixtcen and

sures remawn practically unchanged betwen 11“ ages of
L S ——————
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N eighteen and continue to be unchanged until the age of twenty nve
- Ths dilfercnce ma due to the fact that boys mature between the
ages of ¥ixteen and mincteen, whereas guels nidture catlice *Boys at that
tume become heavier and are much more actne than arc girls of the years,

and 1t has been long recagatzcd that a fapid rise i blood pressure oceurs
during pubesty and adolescence

MEAN BLOOD PRESSURE READINGS

mm Hg
50

[
g

- \';-_L FEMALES

ol T 1 T C 1 1 1 T

i 20 25 30 35 40 45 50 55 60 65
AGE

Fro 29
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In the present study the averages of the sy stolic pressures among men
ranged from 118 4 mm mercurs, at the age of sicteen to 141 8 mm 1
the sixty to sixty four year group the average diastolic pressures rangrd
from 729 mm mercuny at the age of siteen to 84 5 mm m the sixty to
sity four year group  Among women the averages of the s stolic pres
sures ranged from 115 1 mm mercury at the age of 19 to 144 0 mm i
the sixty to sixty four vear group the average diastolic pressures ranged
from 71 1 mm mercury at the age of mneteen to 850 mm 1 the s1ety
to sixty four year group

Up to the age of forty five the average systolic pressure was higher
among men than among women Between the ages of twenty five and
twenty nine this difference was 8 mm mercury  After the age of forty
five the average blood pressure of women was higher but the difference
between the seves nas small It has long been hnown that the blood pres
sure mcreases 1n both sexes after the age of forty five The average
drastolic readings among men were also higher than among women up
to the age of fifty The mavimum difference about 4 mm mercury
was found between the 20 and 24 vears  After the age of fifty the
diastolic averages were about the same in both sexes the differcnces which
were found were neither consistent nor large

The hgures for the standard deviation given 1 Table \VI indicate
that there s an absolute merease 1n the range of the readings with mcreas
mgage The relative vanation moreover as measured by the coeffioent
of varation also has an upward trend with age  This mcrease begins
after the age of tuenty five and 1s found in both the systolic and the
drastolic readings  Tor example among men betwcen the ages of twenty
five and twenty une the standard deviation of the svstolic readings
around the mean 1s 12 538 mm  or 10 per cent of the mean figure while
among men between the ages of sixts to sicts four the standard devia
tion 15 21 11 mm , or nearly 12 per cent of the mean figure

The absolute range of the diastolic readings 15 of course, smaller than
1s the range of the systolic readmgs  The relatsv ¢ varation i both scxes
however 1s larger for the duastolic than for the systolic readmgs up to

the age of fortv thereafter the svstolic pressures have a somewhat
larger relative varsation but the differences are small  In men butneen
the ages of thurty and thuety four for example the standard deviation
of the systohc pressure from the mean was 1361 mm mercury (108
per cent of the mean value) while the standard deviation of the diastolic
pressurc was 9 68 mm (12 3 per cent of the mean value) In men b
teeen the ages of fifty and fifts four however the standard dovation
of the systohic pressure was 19 21 mm mercury (13 3 per cent of the mean
valye) while the standard desation of the diastolic pressure was 1131
mm (13 6 per cent of the mean saluc)

The range of blood pressure readings both absolutdhy and redativeds

1s greater among women than men after the age of forty  Tor cxamph
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among men betwcen forty and forty four vears of age the standard
deviation of the sy stolic pressure 1 1 07 mm mercury and the coefficient
of vanaton s 11 7 per cent the corresponding higures for women are 17 07
mm menury and 134 per cent  Sumlurdy the diastole figures are 9 53

mm mercury (117 per cont) amaong men and 10 60 mm (33 3 pec cent)
among women

RANGE OF NORMAL BLOOD PRESSURE AND
LIMITS OF HYPERTENSION AND HYPOTENSION
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In the fourth deeade the differences n the actual and rdative van
ability of blond pressusre readings betwern the <eves shov no constant
pattern  In subjects who are kss than thirty vears of age the figures
tend to be the reverse of those found m subjects who ate over fifty e
the figures for men are fugher than aze the figures for women  The difier
ences that do occur hawever are generally smalier than those found 1
the older age groups A pasaible exception occurs among those who are
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under twenty It 1s ikely that the greater vartability 1n the blood pres
stire among 3 oung males 1s a reflection of the later age at which they at
tain matunty

From Iwurc 29 and Table \VI sevcral broad conclusions may be
drawn

RANGE OF NORMAL BLOOD PRESSURE AND
LIMITS OF HYPERTENSION AND HYPOTENSION
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Fig 31

A) The mean blood pressure reading both systolic and diastohe
creases with age m both seves  The increase 1n the systolic pressure 15
more rapid after the age of fifty  Therc 15 no systematic acceleration of
the diastoltc pressure over any broad age pertod

R) The range of the blood pressure readings also 1ncreases with age as
does the relatne varation measured by the cocflicent of vanation
1hs merease begins after the age of twenty five and affects both the
svstolic and the diastolic readings
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C} The absolute range of the dasiohc readings 15 smaller than 1s the
range of the systolic readings

D) The range of bload pre sure readengs both absolutehy and rela
tnely 15 greater in wormen than i men after the age of forty  In the
fourth decade the differences between the two seves show no constant

pattern  Under the age of thirty the figures tend to be reversed these m
men bemmg pher than those »n women

RANGE OF NORMAL BLOOD PRESSURE AND
LIMITS OF HYPERTENSION AND HYPOTENSION
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The normal range of the systohy and the dustolic precuse as deter
mmed In ths study s gren m Figs 3033 and Tables WV -\\1

The normal range of the systolte pressure 15 nide It sacreases with
age from 10 to $3 mm mercury 10 males and from 30 to L0 mm mercary
w females  The upper hmet of the normal sy stolic pressute 1s shyhtly
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fower 1n females under the age of forty, than in males after the age of
tifty 1t 1s hugher i the females  Thus in the siteen to tnenty year
group the normal systolic range 1s 105 to 135 mm mercury i males
and 100 to 135 mm mercury 1n females  In the snty to sixty four year
group 1t s 115 to 170 mm mercury m males and 115 to 175 mm mercury
m females

RANGE OF NORMAL BLOOD PRESSURE AND
LIMITS OF HYPERTENSION AND HYPOTENSION

mm Hg DIASTOLIC FEMALES
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"L he normal range of the diastolic pressure 1 not as wide as that of the
systolic varving from 26 to 30 mm mercury 1n males and from 25 to 3}(:
mm 1 females  Furthermore the increase of the drastolic pressure wit
age 15 Iess marked than 1s the merease of the systolte pressure this ai
counts for the well known tendency of the pulse pressure to increasc m‘t
age  Thus m the sinteen to twendy year group the normal %x;xsmn\‘u
range 35 SNty to eyghty sic mm mereury 1n males and 60 to 85 m!
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mercury 1n females  In the sixty to sixty four vear group 1t 15 70 to 100
mm mercury 1 both males and females The borderline'group s indicated
in both figures It necessanly mcludes all the cases which fall between the
upper it of the normal range and the lower limt of hvpertenston as
well as those which fall between the lower lumit of the normal range
and the upper limit of hypotension  Cases m this borderline group must
be judged individually  They may belong to the normal the hyperten

stve or the hypotensive group depending enticely upon therr chinical
status  This will be more fully discussed in the final chapter

‘TARLE XVIT —ME ~ Broop PRES LrE RE DINGS IN SELECTED STUDIES,

MALES
Sy wl ¢ Daswl ¢
Rab Rb

Peset om& P emt na
Age Stdy  Gover  Russk  Bucer Stdy Gor  Ru k B weer
2025 1220 132§ 190 60 68 708
25-29 1251 1309 nss T8 119 20
30-31 1261 1313 s s 1712 727
35-39 1271 1321 e 804 791 o
40-44 122 0 132 4 1333 120 t 81 2 99 81 8 57
4549 1300 1387 1370 1227 820 831 86 70
50-54 1345 M14 1389 1256 834 837 80 173
55-59 1378 1519 mM24 1296 810 839 § 7 T2
6064 M18 1544 47T 1317 84S 867 876 715

FEMALES
Systolic D ol

20-24 ns7 o1z 034 77T 165 65 4
2520 nes 1275 102 137 24 671
30-34 98 1287 e 79 a4 0
35-39 1239 1334 M4 B0 826 7
$0-44 1270 110 uo 0 95 857 732
4549 1306 1432 1254 8515 sss 754
50-54 1373 1580 1258 835 09 57
52-59 1388 167 4 1382 835 935 90
€064 Mo 1629 uzs 8506 891 810
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4 Comparison of Blood Pressures Found 1 V arious Surevs

T1gure 34 and Table \VII compare the systolic and diastolic averages
for men and women m the present study with thosc found in other se
Lected mvestigations  The reports chosen for this purpose are those from
Gover s studs on members of white farm families who recuved assiet
ance from the I arm Secunty Admunstration of Robinson and Brucer ¢
on hie insurance poltes holders who were examimed by the Life Cutension

MEAN BLOOD PRESSURE READINGS IN SELECTED STUDIES
MALES nm Hg FEMALES

B 73U
GOYER 60

RUSSEX + )
somes ROBINSON & JRUCER o 150

sysTOLIC R 10

o 11 )
20 25 30 35 40 45 S0 S5 60 65 20 25 30 35 40 45 50 55 60 €5
AGE AGE

Fic 34

Master Dublin and Marks  The Normal Blood Pressure Range and Its Chareal
Imphicavons courtesy of ] A M A

Institute in Chicago and of Russek * and his assocrates on merchant
seamen actine or retired coast guardsmen candidates for avil service
and an older group of aity mdigents  The Robinson and Brucer datan
clude therr entire expertence and not only that imrted to cases with read
ings under 140/90 mm mercury It 1s readily scenm the graph that the
averages obtained from our study arc about mtermediate between those
obtaned from the other sources Yhen the data from other numerous
wtudies were exammed the averages obtamed in the present scries were
also found to occupy an approumately intermediate position
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2 INTLULNCL OT WLIGHT ON BLOOD PRESSURE

Data showing the relation of weight to blood pressure are gnen m
Table WWVIIT

The subjects were divided 1nto four weight groups

Underwaight 10 per cent or more below average

\verage Weight less than 10 per cent above or below average
Overneipht moderate 10-24 per cent above average

Overweight severe 25 per cent or more above average

The standard tables of average weight for height and age of men and
women were used These tables are based on the average weight of
100 000 consecutive msurance cases It 1s apparent that weight 15 an 1m
portant and consistent factor in blood pressure changes (Table X\ 11I)
~+With an increase i weight there 15 a progressive increase in the averages
of the s stolic and dia<tolic blood pressure, regardless of age or sex_ This
1sin conformity with the known effect of weight on blood pressure
which has already been discussed  Reduction In wesght therefore 15 a
routme therapeutic procedure for patients with hypertension
The difference 1n the mean sy stolic blood pressure at each extreme of
the underweight and overwelght groups exceeded 10 mm mercury 1n
some instances the difference m the diastolic pressure was almost as
great The dufferences i the mean sy stolic and drastolic pressure among
women of tach extreme weight group particularly after the age of forty
were even greater than those among men  Absolute and relative vanations
1 blood pressures as measured by the standard deviatton and the co
efficient of vamation also tended to increase with neight particularhy
after the age of 40 ycars In general the greatest contrast in the mean
pressures was found in the older age groups and among, women

3 INFLUENCI OF HEIGHTMQQ_D_I_’BESSUI\E

The subjects were dwnided ito theee groups~short medium and tall ~
the height being tabulated at the nearest mch

Yale Female
Short 55 and less 51 and less
Medwum 56 ~510 52 -5'6"

Tall 511 and over 57 and over

No clear relationshup between height and blood pressure was found
Table WI\  The mcan ssstalic blood pressure was consistently highest
1n tall men between the ages of thirty five and thirty nine It was gher
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in men of medium height than n short men up to the age of thirty four
After the age of forty the differcnces i the mean sy stolic pressures of
men according to height were not sigmficant  Among women there
was no apparent correlation betwcen mean sy stohc readings and height
The mean diastolic readings 1n men showed no definite pattern accord

g to hught except n those under the age of twenty Among these
young men there was a conststent mncrease n the averages with an
wmerease m haght the difference being a httle over 3 mm mercuny

The average diastolic blood pressure of tall women was conssstently higher
than that of shorter women at most ages up to forty five vears Bevond
that age the pattern was not consistent

Relats e Infiuence of Herght and 1 exght

In order to clanfy further the influence of body build on blood pressure
the data for short medium and tall men were analyzed scparately
according to the four weight classes  (Table \\ and ce appendi Table
4) It 1s evident from this detaled analvsis also that weight has a
consistent nfluence on the level of the blood pressure  The averages of
both the sy stolic and the diastolic pressures 1n every height class tended
to nise with an mcrease in weight However the efect of herght itself
on blood pressure seemed to be neghgible because there was no syste
matic trend in the averages due to height 1n the several weight groups

4 INCIDENCE OF HYPLRTENSION

In view of the differences of opinion concerming the definttion of hvper
tension 1ts incidence has been computed according to various defimitions
some of which are based on the separate systolic and diastoli readings
and some on combiations of them  The groupings based on the com
bined sy stolic and drastolic readings nclude cases i which either reading
was within the specified hmits  Tor example the hypertensive group
(140/90 mm mercury or over) mcludes those with readings of 138/90
or 142/88 mm mercury

Table \\I and Figure 35 show the madence of hy pertension according
to the several standards It 1s readily seen that the frequency of so called
hypertension increases steadily with age Minor deviations from the
upward trend are ummportant and may be attributed to the size of the
samples m the particular categories involved  Hypertension of muld
degree was fairly common at comparatively \oung ages pamcularl:l
amongmen  About one fifth of the men between the ages of twenty an
twenty nme had readings of 14090 mm mercury or higher Howe}:er
hy pertenston of more severe degree was relatively infrequent at ¢l c?
ages, readings of 150/100 mm mercury or more occurred 1n only one o

every 20 cases
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Hypertension of at least mild degrec was common n muddle aged and
old people  Blood pressures of 140°90 mm or higher were present m
about 46 per cent of both men and nomen between the ages of forty five
and forty nine and m 60 per cent of those between the ages of sixty and
Sty four  Readings of 150/100 mm or more were found i neasly 20
Per cent of the subjects under the age of forty fne  Thereafter the m
@dence of such readmgs rose steadsly in both scxes 1o over 33 per cent
i thase hetween the ages of sixty and sscty foor  Whatewer definitson
of hypertension 1s uscd the condstion was found more {requently i men
up to the age of forty fise and more frequently sn women thercafter
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m men of medium height than 1 short men up to the age of thirty four
After the age of forty the differences 1 the mean svstolic pressures of
men according to height, were not sigmficant Among women, there
was no apparent correlation between mean svstolic readings and height
The mean chastolic readin,s 1n men showed no definite pattern accord

g to height except i those under the age of tnenty  Among these
young men there was a consistent mncrease i the averages with an
increase 1n height the difference being a little over 3 mm mercury

The average diastolic blaod pressure of tall women was consistenthy higher
than that of shorter women at most ages up to forty five years Bevond
that age the pattern was not consistent

Relatz ¢ Influence of Height and 1 erght

In order to clanfy further the influence of body build on blood pressure
the data for short medwm and tall men were analyzed «eparately
according to the four werght classes  (Table X'\ and ~cc appendny Table
4) It 15 evident from this detailed analysis also that weight has a
consistent mfluence on the level of the blood pressure  The averages of
both the systohic and the diastolic pressures 1n every height class tended
to rise with an mcrease mn weight However the effect of height rtself
on hlood pressure seemed te be neghgible because there was no syste
matic trend 1n the averages due to height in the several weight groups

4 INCIDLNCE OF HY PERTENSION

In view of the differences of opiion concerning the defimtion of hyper
tension 1ts mncidence has been computed according to various dehmtions
some of which are based on the separate systohe and diastolic readings
and some on combinations of them  The groupings based on the com
bined sy stolic and diastohc readings include cases i which exther reading
was within the specified s For example the hypertensive group
(140 90 mm mercury or over) ncludes those with readings of 138/90
or 142 88 mm mercury

Table \\T and Figure 35 show the incidence of hy pertension according
to the several standards It is readily secn that the frequenty of so called
hypertenston ncreases steadih with age  Mmor deviations lram( t:e
upward trend are umimportant and ray be attnibuted to the size o3 tl;
samples 1 the particular categoris mvolved Hypertension of 1mll
degree was farly common at comparatively voung ases partict! ar;
among men  About one fifth of the men between the ages of twenty an
twenty mine had readings of 14000 mm mercury or higher Hawe}:er
hypertension of more severt degree was relatively frequent at tl L;?
ages readings of 150/100 mm mercury or more occurred 1n only one

every 20 cases
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pressure at sixteen years of age 1s between 10>-13> mm mercury at
seventeen the range 1s between 105-13> mm  at aghteen years 10>-135
mm  at mneteen \ears 10>-140 mm  at twenty to twenty four vears
105-140 mm  at twenty hve to twenty mine years 108-140 mm, at
thirty to thirty four years of age 110-145 mm  at thirty five to thirty
nme years 110-14> mm  at forty to forty four vears 110~150 mm at
forty five to forts mine years 110-15> mm  at fifty to fifty four ycars
11>-160 mm at fifty five to fifty nine years 115-16> mm  at sixty to
sixty four yvears of age 115-170 mm mercury  In females the normal
range of syvstolic blood pressure begins at sixteen vears of age with 100~
130 mm mercury at seventeen jyears 100-130 mm  at eighteen years
100-130 mm  at mincteen years 100-130 mm  at twenty to twenty four
years 100-130 mm  at twenty five to twenty mmne years 102 130 mm
at thirty to thirty four years 102-13> mm  at thirty five to thirty nine
vears 10>-130 mm  at forty to forty four years 105-150 mm  at forty
five to forty nine vears 10>-155 mm  at fifty to fifty four years 110 165
mm  at fifty five to hity nine vears 110-170 mm  and at sixty to sixty
four years of age 115> 17> mm of mercury  The normal range for dia
stolic pressure 1n males 15 at sixteen vears of age 60-86 mm mercury
at seventecn years 60-86 mm  at eighteen years 60-86 mm  at mincteen
years 60-88 mm  at twenty to twenty four years 62-88 mm  at twenty
five to twenty nine years of age 6>-90 mm  at thirty to thirty four years
68-92mm  atthirty five tothirty mine years 68-92mm  at forty to forty
four years 70-94 mm  at forty five to forty mine years 70-96 mm at
fifty to fifty four years 70-98 mm  at fifty five to fifty mine vears 70-98
mm at sixty to sixty four years of age 70-100 mm mercury In females
the normal range for diastolic pressure 15 at sixteen years of age 60-8a
mm  at seventeen vears 60-8> mm at eighteen vears 60~8> mm at
nineteen years 60-8> mm  at twenty to twenty four vears 60~85 mm
at twenty hve to twenty mne vears 60-86 mm  at thirty to thirty four
years 60-88 mm  at thirty five to thrty nine years 65-90 mm  at forty
to forty fouryears 6:-92mm  at forty five to forty mne years 65-96 mm
at fifty to fifty four years 70-100 mm  at fifty five to fifty nine years
70-100mm  and at sicty to sixty four vears of age 70-100 mm mercury
Blood pressures falling in the borderline range (betseen the upper limit
of normal and the lower hmt of hy pertension) may be exther normal or
abnormal and each patient should be thoroughly studied for the presence
of vascular disease before concluding whether the blood pressure 1s
normal or not  Readings above the lower imit of hvpertension are not
tpso facto evidence of the existence of chimucal hypertension though the
chances are very high that hipertension exists

3 The effect of weight and hesght on the blood pressure was also 1n
vestigated  With 2n increase in waght there was a progressive mcreasc
 the averages of the systolic and diastolic pressure regardless of age and

sex  Height was found to has¢ no influence on the blood pressure
]
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APPFADIX TO CHAPTER V

TABLE 1 ~S\5T0LIC AND DIASTOLIC BLnop PRES 1Rk RFADINGS By SEX AsD AcE
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Chapter VI

INTERPRETATION AND CLINICAL APPLICATION
OF NEW BLOOD PRESSURE LIMITS

Muc useful clinical information has been acquired as a result of the
general adoption of sphygmomanometrs about fifty years ago  The
sphy gmomanometer has been of particular value as an aid i the diagnosis
of hypertension but the use of the sphygmomancmeter has not been
whollv benefical WWhen new c¢hmcal and laboratory procedures are 1n
troduced smproper snterpretation of the results obtamed through thew
use often causes much harm and sphygmomanometry has been no ex
ception  After approuimatels fifty vears of the application of the sphyg
momanometer to the care of the sich an assay of 1ts value would not
Vield a wholly favorable balance sheet Unhappih 1t 15 probable
that as many patients have been harmed as have been helped owing
to 1ts mnjudicious use by both phisicians and lavmen (Perera and
Atchlev#?)  Houston ™ discussing the same problem concludes that

the measurement of blood pressure often serves to focus anxiets on
certain figures which the patient interprets as ommous and which the
doctor can do hittle about save to allay the anxiets which he has occa
swoned  he later savs that the goal to be sought 1s alsways intelligent
utilization of information not binding oneself to the facts of a situation

Since therc has been a great increase in the older age groups of the popu
lation during the past several decades and since b pertensine and other
cardio vascular diseases are the leading causes of death in the United
States * widespread publicity has been given to the importance of blood
pressure readings and public attention has been focused on the subject
Physicians as well as the laity have thus become very sensitive to vana
tions of the blood pressure levels from the so called normal lLimits
The number of patients who appear in offices of interntsts or cardiologists
simply because they have been told that they have high blood pressure
15 now so large that the use of the expression  blood pressure photna
1s Justified  In the great myonty of instances this concern over the
blood pressure level 15 unnecessary and undesirable

The Amenican Hearr A ? recently published !
official figures on the mortality rate dunne 1950 1 the Lmred States
More than 745 000 ndividuals dred from diseases of the heart and bload.

essels including hy pertension l'he other > imporeant causes of death
{cancer accidents T i and hi took a toll of
only 407 000 indx 1duals  Thus hezn and vascular diseases produce al

most twice as many deaths as do all the ¢ ther five major causes of death
combine:

123)



124 APPLICATION Ol NEW RLOOD PRESSURE LIMITS

The proper chimical mterpretation of ndividual blood pressure rcadings
has been and still is a most difficuit problem smee the hmuts of the nor
mal and abnormal have hitherto not been clearly defined Many physt
cians have accepted somewhat arbitranly fived imuts of the normal blood
pressure without giving due consideration to the vartous factors which
cause these lmuts to \ary eg age sex and vascular conditions Age
and sex particularly evert an important mfluence on the blood pressure
and should be considered m each case  Smce the present commonly
aceepted normal  hmnts are entwrely too low, many people (especiaily
1 the older age groups) have been classified as hy pertensives

The new normal blood pressure Imnts now proposed are higher than
those hitherto accepted and do make allowance for the effects of age and
sex on the blood pressure  With thesc new hmits many patients who
have been considered I pertenstve will now be considercd normal they
will thus be rehieved of the anviety and emotronal strain often assocrated
with the fear of a high blood pressure as well as of the seeming need for
medication to reduce their pressure

In evaluating blood pressure readin,s the proposed new hmuts must
be reasonably applied oo much attention is often pand to the height of
the blood pressure and not enough to the climcal picture as a whole
In chimcal medicme the blood pressure lescl 1s not as important as ts the
absence or presence of underly g vasculir discase  Increased blood pres
sure n ttself 1s not a disease It is a sign of some underhy ing disorder
Many studies®® £79~ 1 have shown that there 1s little or no correlation
between the height of the blood pressure and the symptoms the rate ot
progression and the development of comphications of the underlving
dicease  The most important factor in deterrimn,, the prognosis and
future course of patients with hypertcnsion 1s the presence of vascular
disease as mamifested by cardrac enlargement albumununia s pertenstie
encephalopathy eveground changes and electrocardiographuc alteration
Bechgaard inafour to eleven vear follow up study of 1002 hyperten
stve patients found that elcvation of the systolic pressure to 200-220
mm mercury and of the diastolic to 120-130 mm mercury had not too
significant an effect on the mortality rate when the elevated blood pres
sure was combmned with myocardac degeneration  however the
progross becime very bad  Stieghtz 7 Paniln #* and Perera® have
also shown that the degree of the arteral tension alont 1s wholly made
quate as a crterion of the prognosis i am ndvidual tase  Griep,
Barry Hall and Hoobler  in a recent follow up study of 117 byper

tensies again emphasiced the unrehabilits of the hetght ol the blood
cessure or of a change n 1ts level as a prognostic sipht 11 hyperten ton,
ind stressed the importance of determmmng the degree and the t{’"’
gression of the vascular damage in the heart brawm hidnevs ;nd r}el Thae

The blood pressure reading rmust thesefore be wrrc!aley]fmz Jre
chnucal status of the patient as a whole a~d should not 1 1ts=If ser



APPLICATION OF \FW BLOOD PRESSURL LIMITS 125

the basis for 2 diagnosis or prognosis n any given case  Page * cntiaizes
the physictan who makes a diagnosis of hypertension on the basis of the
blood pressure alone and who does not seavrch for the other signs assoct
ated wath hypertension  He stresses the fact that the 1solated finding of
an elevated blood pressure 1s not sufficient for a positive diagno 15 This
consideration 15 of utmost importance when the bordcrhine group of
cases 15 considered A careful history should be taken and a physical
examnation done 1 every case 1n this group  Special attention should
be pad to the size of the heart to electrocardiographic changes to renal
function studies to the retinal examunation and to the functional tests
of the heart (g 2step test) Thus a man or woman of fifty two
with a svstolic pressure of 175 mm mercury or a disatolic pressure of
104 mim mercury should be thoroughly examined before the sigmficance
of the bload pressure level 1s evaluated  If the entire examnation 1s nega
tive and fails to reveal evidence of vascular disease of the heart the
kidneys or the fundal arteries the blood pressure may be considered
normal for thes particular individual However the same level of ar
tenal pressure or even a lower one would be considered abnormal n
another individual who showed evidence of some vascular damage such
asincrease 1n the size of the heart electrocardiographic changes suggestive
of left ventncular hypertrophy and strain or albuminuna  Just as
dependence for diagnosis on any other single finding or test may be
dangerous practice in clincal medicine so the evaluation of the blood
pressure reading without correlation with the entire physical status of
the patient 15 unsound
The acceptance and utihzation of the newly proposed normal blood
Pressure himits will obviously have a wide held of application and a wide
effect 1 the practice of climical mediune and 1n climcal research  The
use of the new normal hmits m chimcal practice will be of utmost 1mpor
tance n relieving the an<iety which has beset many patients incorrectly
classified as hypertensies  Mamy of those who have hitherto been re
garded as moderate hypertensives and who have had a gloomy outlook
cast upon their futures may now be considered to have essentially
normal blood pressures They will also be spared much needless medt
cation The use of these new linmts 1n the vast tield of industnal medicaine
too will have a considerable effect A blood pressure reading 1s part of
every pre-emplos ment phy sical examnation and 15 too often unduly em
phasized Vany men particularit tho ¢ over middle age who have been
rejected becau € of 5o called hy pertension will agamn have the opportumity
to be ganfully employed  Since the manpower situation 1s now critical
this effect assumes even greater mmportance  4s voluntary health and
acadent mnsurance spreads and as retirement for illncss becomes mare
common the range of mormat blood pressure  will have increased
application  In cases in which worhmun s compensation 1s a considera
tion the blood pressurc mayv be of importance n detcrmining the state
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of health of the clamant and in resolving the relationship between the
bivod pressure and occupation effort or trauma  In the military Strvice
duning the last war blood pressure readings were taken routively and
standards were adopted for accepting and rejecting applicants as well as
for appraising, the necd for medical care and for retirement while jn
service  Since alarge Army ir Force and Navy are agam beng formed
the evaluation of the blood pressure 1s again of great military 1mportance

The proposcd new bleod pressure standards should atso prove to be
useful in chnieal rescarch  Thus the relationship of hypertension to
coronary occlusion angina pectoris diabetes mitral stenosts cardiac en
largement elcctrocardiographic changes and other disturbances should
be re-evaluated ustng the new hmits as criterna Some studies in this
field have alrcady Teen undertaken and ment a brief review

1 COPONARY OCCLUSION AND HYIERTENSTON

In the past hyvpertenston has been considered to be one of the mast
mmportant etiologic factors m the production of coronary occluston  —*
For example Master Dach Jaffe and Silver®®  reportcd studies done
on over 500 cases of coronary occlusion  Imitial attachs of coronar oc
clusion were found to occur more frequently 1n each older age group
among both men and women  lhe mudence of hypertension al o was
found to mse with ncreasing age if the constant hmits 150 93 were
used as critenna Thus 28 per cent of the men under thirts hyve yvears of
age had hyvpertension while 80 pur cent of those who were seventy had
hypertension  In women with coronan occlusion hypertenston was
found to be more common being present m actually 90 per cent of those
over forty four vears of age Hunce the concluston had becn drawn
that hypertension 15 ap important precursor of coronary occluston both
wn males and females  These findings must now be re evaluated however
since 1t has been shown that the blood pressure normally mcreases with
age and 1anes + 1th sex and that the same hmits should not be used for
all ages and 1n both sexes 1n determmmg the presence of hy pertension
1n cases of coronary occluston  The relationship of b pertension to core
nary occlusion has recently been re mvestigated using the new himits of
normal blood pressure that have been proposed Tive hundred and fifty
four consecutrie patients with coronary occlusion {454 men and 100
women) under the age of sixty five werc studied The cases werc un
selected though those over stxty four nere not mcluded i the study
pecause the nes blood presure imits extend only to that age Among
the 454 men (Table \\II) the mghest incidence of coronan occlusion
was tound 1n the fifty to hity four year age group (121 cascs) and the

<econd ighest 1n the fifty five to fifty nine jear age group {105 cases)
Among the 100 women the highest incdence of occluston occurred 1n
the sixty to sicty four year age group (32 ca es) and the second mghest
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m the fifty five to fifty mine vear age group (28 cases) Seventy eight
per cent of the women were over fifty years of age as agamnst 63 per cent
of the men Women thercfore tend to be alder than men when the
first attack of coronary occlusion occurs  In this senies of cases the aver
age age at which men sustained their first attack was forty eight while the
average age of the women was fifty two  In another series {(Wnght »
and athers™) the women were on the avera,e 6 years older than the
men at the time of the first attach of coronary occlusion

TaBLE XXII —INCIDE CE OF HA) ERTEN 10N 1N CORONARY UCCLUS €8

Mot Fomle

p “TwdC s dyr em 1 T e
Y w e Ve
an

Age 434 100 0 124 270 100 1co 7 10
2 ) — ) - 0 — - —
30-3¢ 3 07 1 ° - . —
3 3 18 40 3 16 4 40 3 so
10 41 66 14 s 1 58 9 90 4 444
15 49 0 176 2 oz s 9 90 T e
L1 121 7 35 289 18 120 14 78
5% 105 232 7 e 28 20 18 644
60-64 61 13 4 19 a2 32 20 215 1812

Le than3 pe ntnt oaluted

Three possible explanations can be gien for the later occurrence of
coronary occlusion in women than m men

1 Since women after forty normally have a ngher blood pressure than
domen they may have a better coronary crculation and flow than men
of the same age

2 Women tolerate hypertension much hetter than do men and 1ts
Course 1 women 15 more benign A longer penod ot time may be re
quited thereforc for women to develop coronary sclerosis as a result of
the hyperten 1on

3 Men have a much greater tendency to develop coronary sclerosis
than do women This may be due to end factors or as t
Dock # to the fact that males are born with a thicker coronary intima
than females

Since the artenal tension almost invarniabhy falls after an occlusion
the blood pressure which had been present before the occluston occurred
was defimitely ascertained 1n 454 of the cases studied  The readings were
obtained either from the referning phy scian or from the patient if he
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actually knew what they were Frequently the mvestigators themselves
had measured the pressure before the occlusion developed  In 99 cases
no previous readings were atauable, though the patient may have known
whether his blood pressure had ever been high or low Thus if the
patient had had no difficulty in passing an msurance examination in the
recent past 1t was assumed that s blood pressure had been normal

Furthermore chinical judgment was also used 1n evaluating the blood
pressure  If for example the blood pressure was 160/100 mm mercury

on the second or third day of the coronary occlusion 1t had probably been
tugher before the attack  If the blood pressure returned to a by pertenstve
level a few months or a vear after the acute coronary episode the patient
was probably hypertenstve before the acute attack had occurred  Con

stderation also was given to the finding that about one third of hyper

tenstve patients lose thetr hvpertension permanenth after an acute
coronary occluston The borderline cases were omitted mn the tables
shown because there were so few of them and because a clearer picture
can be obtamed by companng cases at the two extremes—those with
defimtelv elevated blood pressure and those with a normal reading

PERCENT OF HYPERTENSIVES
MALES (455)  AGES  FEMALES (100)
240 CTTT0 3544 [C_ 154 @
28 [T 4549 T8
290 LT WA [ 78
28 [TTTT $589 (oo 164
Ne LTTITY s08s LT T8

Fig 36 ~Frequency of hypertension m 435 cases of coronary occlusion
(blood pressure readings taken before the onset of coronary occlusion)

Usmg the new defimtions ot hypertension  according ta a5¢ and sex
195 (35 per cent) of the 524 pattents studied were found to be v perten
swe The frequency of hypertension was higher among the women (71
per cent) than among the men (27 per cent)  In each age group ;bﬁz
frequency of hypertension among the women was more than twice & ha
among the men (Table \\II and Figure 36) It will be noted thaLt the
frequency of hypertension vaned little 1n the various age groups Lsing
the new hmuts the mudence of /s perfension remained fairhy stationary
even thouh the actual blood pressure rose with increasing agc 1 r:\'m:ﬁ
reparts which were based on 2 single dehmtron of by pertcn:;qonn :rrmal
age groups eg 12090 and which did not take mto accounth e‘ed e
merease tn blood pressure with increasing years erroneousty s )mxon that
the medence of - hypertension 10 patients with coronary occ us

with age
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The stohing finding, 1n this study was that hypertension was present
m only 27 per cent of the males  To put it positively over 70 per cent
of the men who suffercd coronary occlusion had normal blood pressures
The evident conclusion to be drawn 1s that there1s no very close relation
ship hetween hypertension and coronary artery disease and occlusion
the males at least in those under sixtv five years of age The rcverse
was true in the women — 71 per cent of those who had a coronary occlusion
did have hypertension  Thus among women hypertension does appear
to have an mportant rclationship with coronary occlusion  Ihese
findings were substantiated by Zeman and Schwartz®® i a recent
post mortem studv of 150 unselected cases from the Home for Aged and
Infirm Hebrews of New York City Al of the patients had Loen over
sixty years of age  Sixty siv were male and 84 female They were ds
vided into 3 groups—thosc with normal blood pressure those with systohie
hypertension and those with both systolic and duastolic hypertcnsion
Among the males there was no significant difference in the inadeneg of
coronary occlusion n the 3 groups  Among the females the inaidence of
coronary occlusion 1n both groups with hypertension was the same
None of the females with normal blood pressure suffered from cornnary
occlusion  Zeman and Schwartz thus confirm our conclusions —that
hypertension daes not appear to be an important factor 1n produern,
coronary artery di.ease and occlusion i males Lut 1s an important lactn;
m producing these diseases 1n females  In coronary artc ry discaw, with
angma pectons which s the underlymg condition for coronary ocelis jon
the same trend exists 242

BLOOD PRESSURI LEVEL CORONARY O((] USION
ENLARGED HEART

AND

Using the new hrmts of normal blood pressure we hy
re evaluated the relationship between hy pertensign
ease and coronarv occlusion  The relationshyp
and cardiac enfargement as well as between cnn[)n:’:;:;‘{? By e stess ey
cardiac enlargement has not yet been clear)y establs hryi diers and
vry many wvestigators ® 31 have maintamed that e Althush
disease alone dous not lead to an enlargemeny o 'hm"‘“a') artery
others ® 3~%1 have held the opposite point of yy¢y, ¢ heart tany

We have attempted 1 this studs  to deterny,
alone or coranary artery disease alone 15 rel
heart A heart was consulered to be enlarg:l";'}]:ﬂ enfar ement «f l;'xe
ameter was defimtely greater than one half of l’h trtal transvers ”c
diameter at the fevl of the diaphragm  Theg ¢ nternal thfﬂ(f:r
¢f the heart were alsa considered  Ungerleder Peand yeneral sthoue

and gyl w1 palles ¥
used, 1n each case s a further check on y i tabil
) be preserce g atence oF &

A Cretxamined and
coronary arty sy o -

¢ Whethes by sten 10n
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diac enlargement  In cach case studied the area and volume of the heart
were evidently mcreased beyond the normal

One hundrcd and twenty two of our 554 cases of caronary occlusion
(454 men and 100 women) (22 per cent) had a cardrac enlargement (Table
\\III)  Among these there were 78 men (17 2 per cent) and 44 women
(44 per cent) The maidence of enlargement of the heart was much
higher in women than in men as was the incidence of hvpertension  How
ever cardiac enlargement was found to increase i frequency with ad
vancing age whereas hy pertension did not increase with age i etther sex
Fror this one could reason that the coronary artery disease which was
present i these cases could be a primary factor in the causation of the
cardiac enlargement  Other evidence also supported this conclusion car
diac enlargement was found i 47 patients whose blood pressure was
normal prior to the coronary attach (Table N\IV) Of these 42 nere
men and 5 were women In our series of patients with coronary occlusion
and with enlargement of the heart hypertension was found 1n 2> 8 per
cent of the men and normal blood pressure m only 13 9 per cent In fe
males with coronary occlusion and with enlargement of the heart hyper
tension was found m §2 2 per cent and normal blood pressure 1n 23 8 per
cent  These results coneide with the common observation that hyperten

TaBLE XXIII —CoroNARY OCCLUSION AND ENLARCEVIFNT OF THE HEART
Males F males

tge TotalNo NowuthEn T uthEn  Age Totelo NouthEn “ wihE
Group of Cases | gedH at largdH 1+ Gop ofCa s largdHl 1t lorg dHeat

All All

Age 454 3 12 Ages 100 < 1#o
25-20 0 ° - ° - -
30-34 3 ° - ° - -
35 39 18 3 167 35-30 4 0 -
40-44 65 9 139 40-44 9 1 *
4549 80 1 138 4549 L] ¢ 45
s0-54 12t 15 123 so-54 18 s 278
$5-59 105 2 20 559 1 12 29
so-6¢ 61 18 25 s0-64 32 22 688

Less than 3 cases per cent not caleulated

si0n 15 a definite factor i enlargement of the heart Nev enhelessI anen
larged heart can also be found with normal blood pressure At e}?stcrx]n
men coronary artery discase alone appears to be 2 major factor 1 tl c“th
largement of the heart We have shown previously that 1;1 case: ,:g v
cotonary occlusion (554 cases) hypertension was found m12 pcrsc(hm
males and n 71 per cent of females prior to the occlusion It seem:
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;’::ntlf;a;!r:glhc blaod pressure 1s a primary factor m enlargemint of the
s and that coronary sclerosss alone 2ppears to be capable
of producing enlargement of the heart m males *

In order still further to resolve whether coronary sclerosis alone (in
the absence of hypertension) may cause cardac enlargement the size of
the heart was determned in 1000 consecutive private patients Tive hun
dredand forty three were considered switable for this study (Table Y\ V)
Snity eight of these had an entargement of the heart m 15 the blood pres
sure wasnormal A clinscal diagnosis of coronary sclerosis was estabhished
m 14 of these 1S cases  The evident conclusion to be drawn from these
nndings1s that cardiac enlargement may occur m mndividuals with normal
blood pressures and that the enlargement appears to be related to coro
nary sclerosis  This opinion 1s held by many other observers also #3 4

Yater and his co workers®™ recently made a chnical and postmortem
study of 950 men cighteen to eighty mine vears of age who had had coro
nary occlusion They found a dehntte increase mn the size of the heart
with mcreasing age  The presence of hypertension alone could not
account for this marked cardiac enfatgement Coronary artery discase
therefore may have becn an important factor m the productton of the
enlarged heart in these cases

SLAMMARY

The importance of the newly proposed lunits of normal blaod pressure
and their apphicatton n all branches of medicine have been dhecussed
It has been emphasized that the new hmits should be applied reasonably
and not too fiterally  The blood pressure reading must alwavs be cor
related with the clinical picture as a whole especially with the presence or
absence of underlymng vascular disease as dctermined by the history
the eveground findings electrocardiographic changes renal function
studies cardsac enlaryement and functional tests of the heart The
demonstration of such underlying vascular disease constitutes the most
mmportant evidence for the diagnosts of essential hypertension and
1s the most tmpartant factor tn determining the prognosis

The necessity custs for re mvestigating the eilects of hyprtension i
many chnical conditions using the new hmts of blood pressure snce
these tahe nto account the effects of age and sex on the blood pressure
tevels  The results of several such studies have been presented
1 Relattonship betw ecn coronary occlusionand hy pertension Hithetto,
1t was commonly believed that there probably wasan etsologic relatiansup
between b pertenston and coronary occlusion m both seves  Using the
pew limuts of normal blood pressure however we have shown that such a

* Since vesy few of oue pattents were under forty and since none over
fi, ures can be applied only ro patients between

age However tt should be remembered that

stcty four wasincluded our
five years of age and over

forty and sixty four y eacs of
only 7 § per cent of the population was sivty
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close relationship existed only n women 1n men no such important
association of hvpertension with coronary occlusion was found

2 Relationship of enlargement of the heart to coronary occlusion and
hypertension  Using the new hmits of normal blood pressure we have
found that enlargement of the heart not uncommeonly occurred mn men
with coronary occlusion whose blood pressure was normal It was
therefore concluded that the coronary artery disease alone was a factor
in the production of the cardhac enlargement in men  In women with
coronary occlusion on the contrary cardiac enlargement rarely occurred
i the presence of normal blood pressure Hypertension therefore
appeared to be an mmportant factor n the production of enlargement of
the heart m women

3 Relationship between enlarged heart and coronary artery disease
In astudy of 68 patients with cardiac enlargement none of whom suffered
from coronary occlusion heart fatlure valvular diseasc or congemtal
abnormalities 15 were found to have normal blood pressures In 14
of the 15 a diagnosis of coronary artery disease was estabhshed Agam
then coronan sclerosis alone n the absence of hypertension may cause
enlargement of the heart
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NoRMAL RANGE AND Liviits oF HYPERTEN 10V

SYSTQLIC

IHypertension

Ao mal Range Leuer Lim ¢

Age Vale Fem | Vol Femal
1 105 135 100-130 345 140
17 105-135 100-130 143 10
18 105-135 100130 s 140
19 105-140 100-130 150 140
20-24 105-140 100-13¢ 150 140
25-29 108 140 102-130 150 140
30-3¢ 10-145 102 135 155 145
35 %9 110-145 105-140 160 150
4044 110-150 105-150 165 165
4549 110-155 105-155 170 175
50-54 15-160 110-163 17§ 180
5a-59 115-165 110-170 150 185
60-64 13-1 0 115-175 190 190

NORVAL RANGE AND Lt 175 or HypERIENSION

DIASTOLIC

Hyperie on
Vo mal Range Louer L mt

Ag Mate F male A F male
16 60-86 60-85 9 90
17 60-86 60-85 90 o0
18 60-86 60-85 °n °0
19 60-88 -85 95 %0
20-24 62 88 60-85 95 90
25-29 65 90 60-86 96 92
30-34 68 92 60-88 98 95
35 39 68 92 65 90 100 o8
40-4¢ 70-94 65 92 100 100
45-49 70-96 65 96 104 105
50-54 70-08 70-100 106 108
85 59 70-9% 70-100 108 10%

60-64 70-100 70-100 110 1o

Nok (4L Broi » PRE_tREAND JIVPERTENSION N\ wDefint n  Arthur Al Mater M D
Ch 1 I Garf 1d MD anlMaxR Waltrs M D

Tab!l NIV ndXVa ryrmt 3] ¢ othe anbetanot
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