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Preface to tl\e Secona Eamon

TIMES CHANGE. WE CHANGE WITH THLM
prefaces and mtroductions

As 10 the first edston thss book 15 1ntended o be of use to
those who undertake the care of pavents suffenng from aneral
hyy It s posed of d prescriptions
and techmcs of diagnoss shuch we conuider imporant and prac
tcal These are the core and matter of the book From this 1t fol
lows that we do not propose 40 academic treanse nor one whch
aums at exhausung edhet the topic or as we hope the reader

However the book 1s bound together by a concepr of the natute
of essennal hypertension whuch constirutes its form It 15 an ap-
proximation of the ruth. The extent to whuch 1t will be invaladated
ot confirmed 15 not of first
basis for practice and exposiuon

We do not}naw the essence of essential hypertension It 15 un
Ithely that anyone will ever be able to offer a single and unitary
cancept of what seems to us its mulpphasic mechanism Conse
queady e visvahze the disease as a process which is molded 10
rarying forms by the pauent fus psyche and physique

The bibliogeaphic references are not meant 1o be complete
Theie selection 15 mmed at mahing avarlable to the reader articles

which survey certain broad aspects of the field o which have special
and topical taterest.

So too should

¢ It 13 1ntended only as a

o
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The text has becn erther entirely rewntten or exteasnely re
vised A chapter has been added on the diagnoss and treatment of
hypertension due to hnown or ascertainable causes The surge of
mterest n dietotherapy of hypertension s the occaston for a chap
ter on this topic also A section of one chapter 1s devoted to the
technic and results of pyrogen treatment of malignant hypertension
Mention 1s made of new drugs now under smdy The secuon on
renal aspects of hy pertenston has been modified and we hase added
an appendix on some of the methods and procedures we use 1n the
study of hypertenston These additsons have, of course required the
abbreviation of those parts of the text which were of the least inter
est and use

The fitst to measute arterial pressure the Rev Stephen Hales
observed in Statrcal Essays that  We must be content n this our
infant stite of hnowledge while v e know 1 part only to imutate
children who for want of better skill and abihues and of more
proper matetials amuse themselves with shighe butldings In
the meantime 1t would but 11} become us 1n this our state of un
certainty to treat the errors and mustakes of others with scorn
and contempt when we canaot but be consctous that we ourselves
see thungs but as through 1 glass datkly and are very far from
any pretentioas to fallibity  To which Amen!

Lastly our thaaks to 1l the many who have helped m the
pteparaton of thus book and more partcularly of the present
ediion We are parucularly grateful o Dr Ernest Page of
Berheley for s suggestions on the toxemuas of pregnancy and o
Dr Robert Taylos our colleague and friend of many years for hus
pervasive and resourceful snmulation to thought and action Mes
Raymond Stratean continues to grve her mvalnable secretitial help
To the publisher our fullest meed of praise and thanhs

—~I H P
—A CC
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SECTION [

1 Normal Blood Pressure Classifir

cation of Hypertcnsson

THE LEVEL of artenal blood pressure 15 relamnely constant s
normal peaple Sull s range of varauon 15 wide and 3t 15 much
wfluenced by both mternal and external ensironmental factors
Some of these 1mportant o the phystian i the evaluation of his
measurements Wil be discussed shortly It 15 not suspnising that
observers are not agreed a5 1o what level of blood pressure s
be considered normal 1n view of the many vatsables which affect st

Consequently the ssolated finding of artenial hypertension 15
not sufhcrent evidence on which 1o make the dugnosis of essenttal
hypertension By farling 10 search for other indicanons of disease
the physicran 1s often fed tnto error by too great preoccupation
with the level of arterial pressute Elevation of blood pressute
alone does not constitute 4 disease but elevation of blood pressure
which follows a definite course does Other signs and symptoms are
often nonspecific elevauon of arterial pressure then 15 the eatliese
and most charattenstic $1gn of essentual hypertenston Recogmnon
of a pathologically increased artenal pressure depends Jargely on a
consideration of those factors most likely to altes the pressure from

the physiologic basa} Jevel
TACTORS INFLUENCING ARTERIAL PRESSURE
A distnceion shouid be drawn between casual measurements
te ose made i office pracuce usually m the suting posiion
15
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and after a rest of no more than 15 mmutes, and resting measure
ments made after 30~60 minutes of rest 1n the recumbent position
The latter have much the same significance as  basal measure
ments made after rest 1n the postabsorpuve state Indeed the term
basal blood pressure should be resteicted to measurements 1n
which the observer has definite proof of the mantenance of a basal
state psychic and somatic, and 1s therefore not to be used lightly
The joint recommendations of the Amerscan and Briush Com
mittees on Standardization of Blood Pressure Readings follow

1 Blood pressure equspment—The blood pressure equipment to
be used whether mercurial or aneroid should be ir good condttion and
calibrated at yearly intervals—more often if defects are suspected
(Mercurial prefesred—Briuish Commatiee )

2 The patsent—The pauent should be comfortably seated (or
lying—Britsh Committee) wath the arms slighely fSexed and the whole
forearm supported at heart level on a smooth surface If readings are
taken 10 any other positton a notation of that fact should be made
The pattent should be allowed tume to recover from any recent exercise
or excrtement There should be no constriction of the arm by clothes
etc
3 Posstzon and method of applicatson of the enff—A standard
sized cuff contamng a rubber bag 12 to 13 cm 1n width should be
used A completely deflated cuff should be applied snugly and evenly
around the arm with the lower edge about I 1nch above the antecubital
space and with the rubber bag applted over the 1nner aspect of the arm
The cuff should be of such a type and applied 1 such 2 manner that
seflation causes nesther bulging nor displacement

4 Sigmficance of palparory and awscultatory lerels—In all cases
palpanon should be used as a check on ausculratory readings. The
pressuse 1n the cuff should be quickly increased 1n steps of 10 mm
Hg untd the radial pulse dissppears and then allowed to fail rapidly
If the radual pulse returns at a higher level than that at which the first
sound 1s heard the palpatory reading should be accepted as the systolic
pressure otherwise the auscultatory reading should be accepted

S Pasttion and method of applicatson of stethoscope —The steth
oscope should be pliced over the previonsly palpated brachial arcery 1o
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the antecubital space noc 0 conucs Wach che euff No opentag should
s between the {ip of the siethoscope and the skin vhus should be
accomplished wsth the mimmum pressure possible. The hand may be
pronated or supnated, depending on which position yiefds the clearese
Drachsal pulse sounds.

6 Dfrermmarwn of nyuohc pressure ~The coff shoald be rapudly
faed 10 & pressuse abaut 30 mam., shove the level at which the radal
pulse can be palpated. The cuff should then be deflared a 2 rare of
210 3 mm. Hg per second. The Jevel ac which the first sound tegularly
appears should be considered the sysolic pressuse urless, a8 porated
out above the palpasory fesel 15 bughes 1n which evear the palpatory
Level should be accepred. This should be noted.

7 Deternunation of deastolic presiure and pulse pressyre —Wieh
contnved deflaton of the cuff the pomnt at which the sounds suddenly
become dull and muffled should be kaown as the drastolic pressure 3
there 15 a difference bermeen that point and the Jevel at which the
sounds completely duappear the Amencan Committee recommends
that the later reading should be regarded glso as the dustohe pressure
Thys should then be recorded 1n the follosing form RT* {or L'T})
140/80-70 or 140/70-0 If these two levels are 1dentscal, the blood
pressure should be recorded as follows 140/70-70 The cuff should be
completely deflated before any further determinanions are made,

A basic techmucal problem tn susculiatory measurement of
arterial pressure is the wadth of the culf A cuff whch 15 100 narrow
for the arm size morenses apparent pressure. One index for selection
of an adules radhers than 2 chidd's cuff 15 body height of 50-54 1n
Or more

Some of the variables of the determnauon may be braefly noted
From wathin our the first of these 15 the form of the pulse wane
A round full wave will pass 2 pomnr of shight compression where
athin peaked wave as in rachycardia may be arrested than waves
:;:1[1:‘ o yield low values d\]‘{'ndu: the vessel wall medul aresso

OSI8 may increase ngidity and resistance 1o Jateral pressuy
that falsely hugh values are obtamned The er e

Right arm.
Hlefr arm,

tor 1n such case
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does not usually exceed 10 mm The resistance of the extravascular
tissues of the 1rm 1s normally canceled by application of a cuff of
standard width (12 cm ) so this factor may be distegaded In the
obese stull larger cuffs (16 cm wideh) may have to be applied
to cancel this tessstance for with a standard cuff many people with
fat aems yield measurements of ausculratory pressurc which exceed
true artersal pressure In children smaller cuffs should be used
(6 cm 10 infants, 9 cm at ages 4-8 years) Some people possibly
those with tendency to the scalenus anticus syndrome can at will
of when the arm 15 placed 1n the appropriate posttion oblierate
the axtllaty accecy and dhus delude the hasty exmmer while others
duting voluntary or mvoluntary contraction of the arm muscles
can so increase the ussue resistince as to increase the apparent
fevel of pressuse

However with all its sources of error the determinauon 13
extraordinanly precise Systolic pressure is probably underestmated
a few mullimeters (5-10) Duastolic pressuse at the fourth phase
of muffled sound s usually overestimated about 8 mm Hg at the
phase of complete disappearance of sound 1t corresponds approx:
mately to radsal dtastolic pressure

Diufferences of pressure between the mao arms of 10 mm Hg
systolic and 5 mm  duastolic are common among normotensives
at the higher pressures of hypertension these differences are more
obvious The right arm usually yiclds the higher readings No
concern need be fele when the asymmetry 1s of this order even
when 1ts consistent presence establishes 1t as due to some factor
other than mnor variations of central artersal pressure or changes
of local visomotor actvity Larger asymmetres of pressute demind
further examtnation Such may arise from marhed dilacation of the
aorea from hyperplastc cushions of fibrous and atheroscleronc
ussue at the mouths of the sanomnate or subclavian rteries or
from parual rupture of the aorm A cervical nb radsographically
demonstrable or the scalenus anticus syndrome of postusil sub
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clavian comptession may account for wide pressute diffetences
which sll disappear w1th extension of the arm Hemuplega alone
even with extenstve muscular wasung or spasm does not sausfac
tonly account for more than munor differences ‘Thus major differ
ences of pressure demand explanauion They should be fooked far
by raking the pressure 1n both arms at some tune during the course
of observation Othersse as 1n a scalenus syndrome artenal hyper
tension may be mussed to the later embarrassment of the physician

Alam and South and Ralpatnich have emphasized the difference
(supplemental blood pressure) berneen basal blood pressure {read
ngs obuuned under basal conditons) and casual blood pressure
(readings made under ordinary clinical condinons) Although the
disunction 15 valuable 1n invesugaton 1t does niot have a definne
application 10 practice lfargely because of the difficulees of man
taning truly basal condnons 1n hypertensive subjecrs

An extended discussion of the causes of varrations 1n pressures
may be found in an excellent chapter by Allen The following
arcumstances are commonly assoaiated with moderate changes i
pressure

I Posture Assumpuion of the erect posture causes a fall in
systolic pressure from 5 to 40 mm abour 10 seconds after the
change In about 30 seconds 1t may have regained or exceeded the
recurbent level The same type of reaction occurs when the pluent
i ulted but the diop s greater and fecovery less complete
Diastolic presaure rises 4 mm Hg or more on standing 1 half of
2 group ot narmal subjects Thus the ner effect of stinding or of
being tifted 10 a verncal posstion s usually a moderate decrease of
pulse pressure (Currens) When the arat 1s allowed to hang by
the side or when femoral pressure 15 measured dunng standing
gravity increases the measurements by as much as 10 mm Hg

2 Sleep Usually sleep causes 2 fall m pressure Some observers
l‘\\\m'h that bad dreams and restless sleep acrually cawse a nse Tt 1s

nowD with .ome certamnty that systolic pressure 15 mimimal 3t the
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does not usually exceed 10 mm The resistance of the extravascular
ussues of the wm 1s normally canceled by application of a cuff of
standard width (12 em ), so this fictor may be disregarded In the
obese, sufl farger cuffs (16 cm width) may have to be pphed
to cancel this resistance, for with a standard cuff many people with
fat arms yield measurements of auscultatory pressure which exceed
true artersal pressure In children smaller cuffs should be used
(6 em 10 anfants, 9 em at 1ges 4-8 years) Some people possibly
those with tendency to the scilenus anucus syndrome can at will
ot when the atm 15 placed 1n the apprapriate poswon oblerate
the axillaty artery and thus delude the hasty examimer while others
during voluntary or involuntary contracuion of the arm muscles
can so ncrease the ussue reststance s to crease the apparent
level of pressure

However with afl 15 sources of error the determination is
extrrordimanily precise Systohie pressure 15 probably underesymated
a few mulluneters (5~10) Drstolic pressure 1t the fourth phase
of muffled sound 1s usu1lly overesttmated 1bout 8 mm Hg at the
phase of complete disappearance of sound 1t corresponds approxt
mately to tadial dastolic pressure

Differences of pressure between the two arms of 10 mm Hg
systolic and 5 mm dastolic ate common among nhormotensives
at the hugher pressures of hypertension these differences arc more
obvious The nght arm usually yrelds the hiher readings No
concern need be felt when the 1symmetry s of tus order even
when 1ts consistene presence estrblishes st 15 due 1o some factor
other than munor virations of centril arterial pressure or changes
of local vasomotor 1ctivity Larger asymmetries of pressure demind
further exammnagion Such may anse from mthed dilarmion of the
aortv from hyperplastte cushions of fibrous and aherosclerotc
ussue ac the mouths ot the innommate or subclaviin 1rteries or
from partl rupture of the tortn A cervical rib radiographicnily
demonsteable or the sctlenus anucus syndrome or postury sub
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othets fowers it. There appeats t© be no more than a transient
acuon, The effects of mcotine and of smokung on blood pressure
and othes circalatory functions have been pamstahsgly studicd
by Grace Roth

12 Weighe Obesiry 15 usually 1f not always associared with
slightly elevated arcerl pressure Use of the 13 cm cuft for
messurement of the pressuse has led to etror in the reading because
the increased pressuse required to compress the larger mass of ussue
s teflected 1n » hugher arternal pressure seading Bue besides dhs
accurate measurement by the intra aterial method shows a shight
inctease 1n some obese but otherwise normal persons At the very
Teast, obesity causes an nerease 1n the worh of the heart Thss with
other factors not as obvious accounts for the mcreased rate of
mortality and possibly for some of the real increase 1n areerial ten
sion The effect of severe loss of weight 15 much less equiocal
T s almost abways associated 1n ofherssse notmal persons with
a fail of blood pressure

13 Body build. The evidence on the effect of body build m
actersal pressure 1s conflicing Visceroptouc persons and those with
neurocirculatory asthemia usually have low artenal pressure The
sthenic habitws ofren 15 assocrated with higher pressutes than the
asthenic Aside from these more or less pronounced types an ac
curare correlanon of body buld hesght and surface ares with anerial
pressure cannot be established

14 Chmate and tempetamre ‘Their role has been a subject of
much discussion In Europeans who have moved to China and the
uopis antenal pressure seems to be 10 mm lower both systolic
and dustohic but whether this 15 due to chmate aloe 1 uncertain
In warm weather blood pressure tends to fall

15 E Ayman and Goldshine have shown 1n stril
ng manner the effece of the environment of a chinic on blood
‘;‘rz::*; ; s;:p;f hypertensives Thirty per cent showed systolic

g of more fower when measured m the home
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fourth hour of sleep and rises shightly before waking and then
abruptly after waking to a point equal to that of the firse hour of
sleep Drastoltc pressure shows a like bue lesser change The fall 1s
believed to be due largely to fall 1n pulse rate

3 Durnal varations The pressure mises gradually during the
day, reachng 2 maximum 1bout 6 or 7 P (15-20 mm Hg 1se),
then falling during the nighe

4 Emouon Expressed or fepressed, emotion may cause large
r1ses 1n pressute, as €VEry examiner must an\

5 Muscular effort Systolic pressure may be greatly ncreased
someumes as much 15 60 mm Hg during effort, drstolic pres
sure 1s decreased by moderate and increased by severe exercise

6 Meals Usually eating 1s followed by a rise of 10 mm Hg
systolic and about 5 mm Hg diastolic

7 Duff ¢ 1 artertal p i w0 arms Differences may
be significrnt, and blood pressute should be measured 1n both arms
at the mwal examinanon Close adduction may ncrease and
hyperabduction decrease apparent systolic pressure Mersurements
are best made with the arms abducted 45-90 degtees and for
companison, 1n the same relative position

8 Menstruation 1nd pregaancy Menstruation does not appear
to have any significant effect on blood pressure During pregnincy
frequently the atteral pressure falls from the fourth to the ninth
lunar month to rise again 1n the tenth month It 1s usually norm1l
during the first week of the puerpersum

9 Consupttion This seems to have no effect It 15 of interest
that struning by increasing mtrachoracic and sneea abdomnal pres
sure puts stress on the artertes of the arms legs and shin but the
more vital artertes of the thorax abdomen and central nervous
system ate protected against the strun

10 Alcohol Being a vasodilator aleohol may cause some fall
1 blood pressure which 1s 2t imes severe duning deep intoxication

11 Tobacco In some persons smoksng rasses pressure and m
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hers lowers 1t There appears to be no more than a transient
won The effects of niconpe and of smoking on blood pressure
d othet crculatory funcuons have been pamnstabingly studied
 Grace Roth.

12 Weight Obesity 1s usually if not always assocnated with
sghily clevated arrenal pressute Use of the 13 o auff for
easurernent of the pressure has led to error in the ceading because
he mcreased pressure requited to compress the larger mass of ussue
 reflected 1n 2 tugher areenal pressure reading But besdes this
caurate measurement by the 1tra areerial method shows a shight
neease 1n some obese but otherwise nosmal persons At the very
east, obesity causes an increase in the work of the hears This with
other factors pot as obvious accounts for the increased rate of
mortalicy and possibly for some of the real increase 1n arrersal ten
sion The effect of severe loss of weight 15 much less equivocal
It 15 almost always associated in otherwise normal persons with
a fall of blood pressure

13 Body build The evidence on the effect of body build in
anterial pressute 15 conflicung Viscesopone persons and those with
acurocirculatory asthenia usvally have low artemal pressure The
stheme habimus often 15 assocaated Sath pher pressures than the
asthenic Aside from these more or less pronounced types an ac
curite corselanon of body build height and sucface area with arterial
pressure cannot be established

14 Clmare and temperatute Their role has been a subject of
much discussion In Europeans who have moved to China and the
uopics aternl pressure seems to be 10 mm lower both syscolic
and duscotic, but whether this 15 due to climate alone is uncertamn
In warm weather blood pressure tends to fall

5 Favironment Ayman and Goldshine have shown 1n sl
tag manner the effect of the environment of a chmc on blood
Ppressure 11 a group of hypertensives Thatty per cent shawed systalic
pressures 40 mm Hg or more lower when measured in the home
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fourth hour of sleep and nses slightly before wahing and then
abruptly after waking to a point equal to that of the firs hour of
sleep Drastolic pressure shows a Itke but lesser change The fall 1s
believed to be due largely to fall 1n pulse race

3 Duwrnal vanatons The pressute rises gradually during the
day, reaching 2 maximum about 6 or 7 p M (15~20 mm Hg nise),
then falling duting the nighe

4 Emotion Expressed or repressed emotion may cause large
1ises 1 pressure, as every examumer must know

5 Muscular effore Systolic pressure may be greatly increased
sometimes as much as 60 mm Hg during effort, diastolic pres
sure 15 decreased by moderate and increased by severe exercise

6 Meals Usually eating 15 followed by a nse of 10 mm Hg
systolic and about 5 mm Hg dustolic

7 Dufference m artenal pressure i evo arms Differences may
be significant and blood pressure should be measured 1n both arms
at the mual examipation Close adduction may increase and
hyperabduction decrease apparent systolic pressure Measurements
are best made with the arms abducted 45-90 degrees and for
comparison, in the same relative position

8 Menstruation and pregnancy Menstruatton does not appear
to have any significant effect on blood pressure During pregnancy
frequently the arterial pressure falls from the fourth to the nnth
lunar month to nsc agawn 1n the tenth month It 1s usually normal
during the first week of the puerperium

9 Constpation This seems to have no effece It 15 of interest
that struning by mncreasing erachoracic and mtr abdominal pres
sure puts stress on the arteries of the 1rms legs and shin but the
more vital arteries of the thorax abdomen and cestral nervous
system are protected agunst the sttun

10 Alcoho! Being a vasodilator alcohol may cause some fall
1n blood pressute which 1s 1t umes severe during deep ntoxication

11 Tobacco In some persons smohing rasses pressute and 1n
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ment are more standardized but on the whole they certainly are
nae fat from what routine expenence has taughe to be conststent
wath health Table 2 gnes average values for chuldren

Some chinicrans set the range 1n notmal men and women at
90-120 mm Hg systolic and 60-80 mm Hp dustolic Others

TABLE 1 —BLOOD PRESSURE 1N HEALTHY MEN OF ALL BUILDS (SYMONDS)

o M Pactiva A Pose
AcE Yo (‘;;EDS‘O“;[E:;:S) {60 733 Casesy PRESSURE Mu
151019 1233 195 10
o2 B} 505 437
Beyn 1213 815 430
3w 34 1251 833 428
351039 1233 83 420
40 o 41 1263 810 934
45 © 49 1232 517 434
201054 1302 859 413
55 10 59 1333 868 467
60 a0d over 1352 869 93

TABLE 2 —BLOOD PRESSURE 1N CHILDREN (Jupsov anp Nicuouson)

Systouc DiasToLic Puse
AGE YL PRESSLIE Mu PRESSLAE Mu PRESSLAE My
3 20 594 3316
1 926 617 309
3 96 €00 NG
[ 938 635 303
7 879 642 7
g 930 396 334
9 97 [$31 295
10 RO 60 344
1i 958 623 s
12 9 396 403
13 1040 632 408
18 1058 637 421
5 96 613 317

believe 110-140 $ystohc and 70-90 diastolse are closer to normal
ece 18 disagreement as to whether atternal pressure normally nises
@ people grow older A munority holds that the mature blood
pressure level 1s reactied at about the ume of adolescence and then
does 601 vary sigmficanly throughout the rest of life The major,

finds chae systolic mean and pulse pressures rise stadually fro,

40 10 62 years then rapidly from 62 t0 85 The drastolie pr:ssu::
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by the patenr than when measured 1n the clinic by the physician
Twenty four per cent showed diastolic readings 20 mm Hg or
more lower

16 Fever Artetial pressure may be ncreased durng a chill
whereas fever 1s usually associated with decteased pressure which
may persist for a day or to after the fever has substded The chuef
cause of the decrease 15 artenolr vasodilanon which may be so
extensive 15 o mcrese rent blood flow by more than 100 per cent
(See pyrogen treatment p 328 )

17 Nutron Although as noted previously correction of
obestty by undernuttition usually lowers pressure as does undernu
tnition 1 normal people an interesting transitory hypettension wis
observed under the specihie deficiencies prevathing n puson camps
of the Far Enst Its mechansm 1s obscure and 1t does noc pasalle!
European experience, where in Leningrad m 1942-43 hyperten
s1on 15 supposed to have been frequently preciprated 1 severe
form by re feeding of the semustarved popultce

Just as one mcrease of 1rtersal pressure does not mean that
essent11l hypertension 1s present or smmunent, so one or even severi)
observations m the normnl range do not exclude 1 Blood pressure
vartes greatly cven i the so called fixed stage of essentnl hyper
tenston Ayman s expertence wnd we can underscore 1t s thae the
more frequent the observations the greater the fluctuations No
ptent observed by um had fived monfluctonung hypentension
The distolic pressure fluctutted proporuonttely 2s much as the
systolic

NORMAL ARTLRIAL PRESSURE

Despite the fluctunions which so commonly occur ¢ 1s st
possible to arnve 1t an average figure which 1s chacally usefuf
Table 1 shows averige values for blood pressure rexdings from a
large group of msurance applicants Some msestigators % ould find
thesc averages too high as they miy be when conditions of measuse
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wide varety of other morbid condinsons may play an smpormnt
part 10 prodoaing it thus drawsag atrenton to the fact thata pams

tbing seaech for the mechanism by which the arteral pressure i
elevated 15 2 necessaty pare of the study of all paneots with hyper

tenston, Often these underlying diseases are remeduable To aid 1
calling © mind therr nide vaney the followsng rwbulauon was
prepared

CLASSIFICATION OF HAPERTENSION

Renal
A Affecuons of vessels
Astenoscletosss Vascular anomalies and obstnic
Anenus

uons (embobsm, wenous or
artersl thrombosis, aneurysm
cumor )

Panastenns nodosa
Visceral Jupus erythematosus
Scleroderma

B Affections of patenchyma
Acute aephrius

Hypernephroma
Chronuc nephriis Eaapa
Pyelonephritis Toxems of pregnancy
Hydeanephrosss A ray lesions
Palgcysac disease Renal stones
Amglodosis Hypogenesis
lafarcts Dystopra
Tutors

C. Affecuons of pernephnic structures

Pencephnus Reroperitanesl  masses causing
Tumors pressuce o parenchyma
Hesmaroma Wilms emor

B Affections of urerer
Obstrucnon {pelvis, ureter

Pyelius
proswate urethra)
Cerebral
Increased 1atracrapra) pres  Anxety stares
;lure {tauma, wmor 1a  Leswons of brain scem (ascending
B ammation) paralpsis, poliomyelins)
hetcephatic sumuhanon

Acute porphyrea
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seems to have Litle correlation with age (see arteriosclerouc byper
tension p 39)

ARTERIAL PRESSURE IN THE THIGH

Comparausely hiule work has been done on measurement of
artenial pressure i the thigh, yet this procedure 1s important,
especially 1n the diagnosis of hypertension due to coarctation of the
aorta In an important experumental study 1n dogs Hamulton and
Dow showed by tntra arterial optical measurement thar peak systolic
pressure and pulse pressure increase gradually from the aoruc arch
to the femoral artery although the mean pressure remamns constant,
In normal human subjects as measured by compression cuffs
systolic pressure 1s constantly higher 1n the thigh than in the arm
the difference commonly beng from 20 to 40 mm. Hg Thus 1s due
10 the sum of the increased 1ntea artersal systolic pressure and the
increased pressure necessary to compress the large ussue mass
Based on blood pressure witha dard auscultatory
technie (13 > 23 cm. cuff placed over the popliteal artery with the
mudporuon of the cuff 10 cm. above the upper edge of the patella
with subject prone) in 500 normal men aged 18-35 Wendkos
aod Rossman found che average systolic and dizstolic pressures re
specuvely 36 and 21 mm Hg higher ¢han tn the arm The average
arterual pressure tn the thigh was thus 155/92 mm. Hg and in the
arm 118/71 mm. Hg The Jomnt Commuttees recommend a 15
om. cuff for measurements mn the leg

CLASSIFICATION OF HYPERTENSION

It 1s becoming mcreasingly clear that arterial hypertension 1s
caused by and assoctated with, 2 large number of diseases The
assocanon with Bright s disease and adrenal tumors has long been
Lnown but only recently has 1t been more generalfy appreciated
thar o elonephrins pimrtary basophilism, thymic tumors and a2
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coutse ‘The greatest difficulty of such schemes 15 that the effatt to
smphfy has often led to use of imadequate observauonal daca A
second difficulty dies n the falwe w0 realie that the pauents 1o
one group may mndiidually show wide varuuons in thew cousse as
ansuspected or intescurrent factots came (nto play The groupng of
a patent which ends i the simple phrase  she belongs to group
D does not automancally brush anay the vanatons ard vaganes
of individual courses and frequendy if not alnays pretends w more
than 15 actually hnown

heith and Wagener s method of grading 15 undoubtedly one of
the most useful avarlable and has been widely employed. It should
be stressed again and agun that this 1s not an enologie classificanon
as s often anplied The followng tabulation shows the schema of
grading proposed by them.

DIFFt SE ARYERIOLAR DISFASE wiTH HYPERTENSION
{Kewh and Wagener)

Rennal changes constst of mild narrowing or mnld sclero-
as of the artenioles. It 15 companble with good healch for many years,
The blood pressure 15 not excessively tugh and falls dunng rest.

Group 7 The changes 1n the reunal vessels are mote marked than
o group 1 bus reumius 1 ot presest The disease 15 more progressne
the blood pressure 1s higher and mote sustained, bur general health 15
good and carduac and renal funcrion sansfacron

Group3  Angiospasuc reumus tofether with definire sleroric
changes in the artertoles occurs but edema of the disk 15 not presen
The hypertension 15 fugh 3nd sustaned. Althoagh cardiac and tenal
function may be adequate somenmies chere ase alters 10as, as indy
cated by dyspnea on exertion, changes i the electrocardiogram and
noctuna. Nervousness, headache vertigo and vasual diseurhances may
occu! Proteinuna and heratuna may be present.

Group i

Groupd  The impostant reunal alreranion 15 edema of the dicks,
There 15 also marked spasnc and organc narrow ng of the artenoles
with diffuse retinyns Charactest g SPE proms ate fiersousness, asthensa,

loss of seght headache visuad drsmarha
nces, dyspnea on
pocrurta. Protenurta, b o and

bndrunia and
Prognons s s <yl 12 2nd red blood cells are usually Ppresent
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Cardrot ascular
Heart fatture Coarctatton of aorta
Arteriovenous fistula Polycythemua
Hearr block Atheromtosts
Endocrine
Pheochromocytoma Prtureary basophihism(?)
Adrenal carctnoma Acromegaly
Adrenal hyperplasta{>) Thymuc carcinoma
Chorionepitheltoma Hyperthy rotdism
Adrenal like avarian tumor  Archenoblastoma
Cushing s syndrome Desoxycorticosterone
Unknonn
Essenual hypertension Malignane hypertenston

It1s however an uapleasant truth that the pavents with Anown
or suspected causes for thetr hypertension consttute only 2 small
percentage of those suffering, from artersal hypertension At least
90-95 pec cent have the essential or malignne vartety

The classification of hypertension of hnown or suspected ofigin
mto endocrine cardiovascular renal 1nd nervous categortes has
been taken over with varying degrees of assurance into the classifica
uon of essential and malignant hypertension In some cises the
search for mitiaung factors 1n one or another of these areas has
altered the dingnosss from that of essential hypertension Sull with
present day methods criteria are not yet avulable which place
mose pattents with finnlity tn one group or wother In our expent
ence patients wich essental or malignane hypertension scem to
hve broadly similar patterns of diseaise more or less decisnely
modified from one patent to another by conttibunions from  for
example the endorrine glands or the nervous system A macter of
importance then 1s to develop criteria and sufficient clincal rcumen
1o analyze and evaluate these tnterlockny, influences

Euologic classtfication being n the strice sensc impossible n
creasing attention 15 being, given methods of classtheation of essential
hypettension which eviluate the process wn terms of severty and
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course The greatese difficulty of such schemes 15 that the effort 1o
sunplify has often led to use of snadequate observavonal dam A
second difficulty Lies 1 the farture 10 realize that the patents 1n
one group may ndividually show wide vanations 1n their course as
unsuspected or mtercusrent factors come into play ‘The grouping of
a pavent which ends 1n the simple phease  she belongs ta group
D does not suromatcally brush away the vanauons and vaganes
of ndividual courses and frequently tf not always pretends to more
than 15 acrually hoown.

Tatrh and Wagener s method of grading ss undaubedly one of
the most useful available and has been widely emplojed Tt should
be stressed agan and again that ths 15 not an enologic classification
# 15 often mplied The following wbulaton shows the schema of
grading proposed by them.

DIFFUSE ARTERIOLAR DISEASE WITH HYPERTENSION
(heuh and Wacener)

Croupl  Reunal changes consist of mild nasrowing or mild sclero
sis of the artenoles, It 15 comparble wuch good health for many years.
The blood pressure 1s not excessively bigh and falls dunng rest.

Gtoup 2 The changes in the retinal vessels are more marked than
1 group 1 but rennitis 1s Aot present The disease 15 mose progressne
t+ blood pressure 1s higher and mote sustamned bur general health s
good and cardiac and renal funcuion sausfactory

Croup3  Angiospastc reunstis together with definue scleronc
changes 10 the arterioles occurs but edema of the disk 1s not present
The hypertension s hagh and sustaned Although cardine and renal
fa ction may be adequate somenimes there ase alterations, as nd:
ated by dyspaea on exertton changes 10 the electeocardiogram and
nocruria. Nenousness, headache verugo and visual disurbances may
occur Protesnuria and hematuna may be present

Groupd  The mpormant reynal alteration 15 edema of the disks
There s also marked spasoc and orgamsc narroning of the srienoles
wih diffase renars. Characterssuc SYIpLoms are nenousness, asthena,
Yoss of weight headache visual disturbances, dyspnea on exertion and

noctunia Protenurs;

4, cylindruena and red blood cells
Progaoss 1 s are usually present.
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ConMENT ~4 grading scheme such as chis has the disnce advan
tage of giving some noton of prognosis For example three years after
the first examination 20 per cent of the patients 1n group 1, 36 per
cent 1n gtoup 2 75 per cent 1 group 3 and 91 per cent m group 1
were dead

This methed depends chiefly on the state of the eyegrounds,
undoubtedly a wise chorce Jt harks back to the experience of most
climcians namely, thar f one had to make a chorce among all the
mstruments of examination the ophthaimoscope would be most
Tighly esteemed The grading obvionsly Inchs precision, which has
been sacrificed for sumplicity

These 15 some question s to the validity of placing so much
steess on the occurrence of piplledema It wifl be observed that
groups 3 and 1 are divided by the presence or absence of this sign
We believe that hemorrhage except m older peaple and severe
hemorrhages and exudates at any age often are shorely followed by
paptiledema Thus when hemorthages and exudates occur the
pragaasts 15 serious and 1t 1s only made a futle more so by the
appearance of papilledema But more penetranng observations are
necessaty befate this point ¢ be secded Sa whie ophithalmoscopic
grading of severity has its usefulness physicans muse guard agamst
its tvittag, simplicity

The classtfication of the phases of essentril hypertension that
we propose 15 based on our wmterpretation of the natur) hustory of
the disease It 1s formed 1n such a way thar a term may be apphed
which wil} 1 a measure charactenize all aspects of the diseuse
which may be discovered dunng the (xamination Table 3 shows

onr grouping

TABLF 3 -—~CLASSIFICATION OF TRI' PHASES OF
ESSENTIAT HiPERTENSION

A Prehypertension (p 66)
B Neuntogemc hypertension (p 63)
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C. Esublished essential bypertension (p 66)

1 Vascular adap fully d (eatly hyp )
2 Vascular adaprauion failing
Progress

Rapid (severe essential hypertension) .

Slow (mild or benign essential hypettension)
Major site

4) Cardiac (hypertensie heart disease)

b) Cerebral

¢) Renal

4) Other

D Malignant hyp (mat drome) (p 71)

Unnl recently the physician has been confronted more with the
problems of established essential and malignant hypertension than
with the other phases which unul the advent of routine physical
exammanons have been largely overlooked It 15 our impression
that the most common progression of the disease 15 from prehyper

tension through hyp to established essential
hypertension wath subsequent farlure of vasculat adaptanon and
some patients the supenmp of the synd of mal

hyp But thus p 18 not ble The disease

may persist of even seem to appear suddenly 1n any one of sts phases

Omitung the subgroups the stages of the disease may be
schematzed 10 the following manner 1n which the solid arrons
represent the common and the dotted ones the less frequent trends

ESSENTIAL HYPERTFNSION
Prehypertension

T\cu:ogem: hypertension

_gmbhshnd essential hypertension

\ ¥
Malignant hypertensiof_

= ™7 Remisnion
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COMMENT ~—A grading scheme such as this has the disunce advan
tage of grving some nouon of prognosts For example three years after
the firse exammnation 20 per cent of the pauents tn group 1 36 per
cent 1 group 2, 75 per cenc in group 3 and 94 per ceat in group 4
were dead

Thts method depends chiefly on the state of the ejegrounds,
undoubtedly a wise choice It harks back to the experience of most
clinicians namely that if one had to make a choice among all the
mstruments of examination, the ophthalmoscope would be most
highly esteemed The grading obviously lacks preciston which has
been sacrsficed for simpliciey

There 15 some question as to the validity of placing so much
stress on the occutrence of papilledema It will be observed that
groups 3 and 4 are divided by the presence or absence of this sign
We believe that hemorrhage, except 1n older people, and severe
hemotrhages and exudates ac any age often are shortly folloned by
prpulledema Thus when hemorrhages and exudates occur, the
prognosss 15 sertous and 1t 15 only made a Jitle more so by the
appearance of papilledema But more penetrating observations are
necessary before this potnt cin be settled So while ophthalmoscopic
grading of severity has 1ts usefulness physicrans must guard 1gawmnst
its mviung sumphicity

The classification of the phases of essenual hypertension that
we propose s based on our interpretation of the natral history of
the disease It 1s formed 1n such a way that a term may be applied
which will in a measure characterize all aspects of the dsease
which may be discovered during the examunation Table 3 shows
our groupmg

TABLE 3 —CLASSIFICATION OF THE PHASLS OF
ESSENTIAL HYPERTENSION

A Prehypertension (p 60)
B Neurogenic hypertension (p 63)
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THE CLASSIFICATION of artenial hvpertension we have pro-
posed (p 25) deals wath five categones of disease 10 four of which
the natute of the alment 15 ether known or suspected. Essentual
hypercension, the remaming categary 15 a disease of unbknown
ongin Into 1t enter consueutional psychologic and pathophyst
dlogic factors none of which can be defined wath preaision This
disease forms the subject matter of this book Hypestension of
fnown ongn does not. But since the dagnosss of essential hyper
tension depends on exclusion of theee other less common forms of
arcersal hypertension thus field 100 must pass 1 breef review

1 RENAL WYPLRTENSION

Gl ] i

—Arterial hypy systolic and duastol
finding at some ume 1n the course of acute
and chronic glomerulonephnits In acute nephtitis the onser of
hypertension 15 often abrupt and severe with a tendency toward
acute left ventricular fulure There are generalized edema pallor
protetnutia hemawuna and ¢ybindruena, The renal funcuonal pat
trmn ss esseneally one of decreased glomerular filtrauon with a
tow filtration fracuon (p 279) and decrease 1n the rate of glo-

P
1c 15 almost a constant
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tmauon As the terminal phase 15 approached tubular secxetory
capacaty dururushes rapidly and to levels well below those seen 10

1 hyp Duff from the larter cond B
aded by swdies of renal funcuion and by demonstration of com
paratively muld degrees of extrarenal cardiovascular damage ©© heart
and bramn, The daff 15 fi for mal hyper
tension progresses rapidly from the stage of impending uremsz w0
death whereas chromic glomerulonephrius may wich proper care
temut or stabilize at this level for long periods

The general pattern of intercapillaty glomerulosclerosis asso-
aated with diabetes 15 sumlar o that of chronic glomerulonephrits

Pyelonephritse —Pyelonephritss 15 the most common renal dis-
ease 1f we except tenal injury due to arterio- and aneriolosclerosts
Raaschoun found pyelonephnits 1n 56 per cent of autopues 1 3
general hospreal and showed that it accounted for 58 pet cent of
the deaths 1n urepma No anatomic contsibutory cawse of the
fection could be found 1n one third of the cases The problem s
thercfore not exclusively wrologic but one of important general
interest 16 a condition which 15 too often vnrecognized

‘What 15 1ts refauon to hypertension® Most artenial hypertension
15 at the outset at least not of renal otigin The incidence of by pet
tension 1m patents with pyelonept or with y dis
tase 45 not greater than in control groups Bur 1s 1t logical to
conclnde that pyelonephntis has nothtng to do with hypertension
while admitung that glomerlonephnius does and while achnon!
edging the establish of p ph as an Iv satisfac
fory means of producing expetimental hypettension® Or 15 1t berer
© Jump 1 the other direcuon and conclude as some hase that
chroc pyelonept 13 the most tmp genetic factor 1 the

d of mahgnant hyp > Acually ehe tuth lies
betn.cen the means of these opposing viess

For example 1t should be recognized that mfection alone can

mask the presence of nuld hypertension so thag groupings of blood
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merular filtration per unit of secretory capacity The defect n fil
tragion accounts 1 part for edema sodmm retenuon and symptoms
of left heart faslure Decreased filtration 15 auributable largely to
lesions of the glomerular capillaries and to renal ntersutil edema
and exudation, the extent to which spasm of arterioles paructpates
1s unhnown Instainces i which hypertension and oligurrt have
been relieved by high caudal anesthesta suggest thae vasomotor
spasm may be a factor i the renal funcuonal pattern Thete may
be a neurogenic factor in the peripheral vasospasm also Spasm
commonly segmental cin be seen 1n the retinl artersoles, 1lthough
these are sometimes obscured by edema Sedimentation rate 1s 1n
crensed Fever, if present, 1s shight A hstory of recent upper respira
tory or cutaneous nfection can usually be elictted Diignosis 1s not
usually difficule Treatment duting the oligurta 1s based on hmuting
flurd nd salt to the 2bsolute needs of replacement and on careful
digitalization should signs of cardiac falure appear Magnesium
sulfute 15 used to relieve encephalopathy and n erises of left heart
fatlure, oligunia or encephalopathy high caudal or spinal anesthesin
has been recommended In general the treatment of 1cute nepliritis
1s stmilar to that of eclamptogenic toxemua of pregnancy, which
process 1t resembles in many particulars

The nephrotic phase of chronic glomerulonephtits 1s charxe
terized by edem and massive proteinurn Hypertension 15 often
absent and 1s seldom severe However as glomerulonephritis 2d
vances edema recedes renal funcuon detenorates 1nd the blood
pressure usually t1ses There are anemin wethness and faugibility
Utinary losses of sodium and potassrum may become excesstve The
retmal vessels show constriction and scleross Wath the approich
of uremta or the advance of inemia exudates 1pperr in the eye
grounds and are followed by hemorrhages The evudates are com
monly more extensive and the hemorrhages decper and less shirp
1a outhine than those of malignant hypertension The renal func
tional pattern 15 one of predominant reduction of glomerulr fif
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and the family history Hypertension especially when severe and
when 1t appears 1n persons upder 43 who definutely do not hase a

famuly hustory of hyp puts the probabilities about 3 1w
favor of renal onign
The of bilateal pyelonephuius begins with a search

for urologic defects When these are srremeduable or not demonstra
ble the next step 1s to stenlize the uninary tract. In so doing treat
ment from 1ts outset should be aimed at the immeduace and rotal
eradication of all bactera 1n the kidney ussues Anubactermals and
anubiotcs should therefore be used m full dose The chowce of drug
should, when possible be made by cultural selecuon of the agent
to which the organism 15 most suscepuble Half measures and m
adequate treatment are worse than useless since they merely creare
ressaant strains of organisms The agent chosen whether a sul
fonamude ot an anubiotic should be gnen sn full therapeunic dos
age from the outset, It 15 an expensive and someumes a dangerous
error to continue weatment for too long & tme Persistence of a
posttive urine culrure under treatment 1adicases esther an wmappro-
priate chowce of drug or the development of resistance 1n the organ
sm The so-called unnary antseptics should not be reled on 1n
thus dangerous disease

Urtlateral renal diease —Pyelonephrius construtes a large pro-
portion of unilateral renal lesions Their assocration wich hypetten
stot 15 analogous to that of pyel 10 that compil of
cases do not demonstrate an undue iradence of hypertension
whereas reporss of ndrvidual cases esablish 2 close assotration
How close this associaton 15 femams unknown €XCept 10 patients
i whom unilateral nephrectomy results 1n cure of eseablished hyper
tensive disease A stungent review by Hormer Smuth of the avail
able data indicates a cure rate of about 20 per cent which 15 1ndis-
pwably greater than the frequency of spontancous remussion 1o
essential hypertension Lial the elusive factors which muuate and

P tenal hyp are better und 4

the approach
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pressures of pyelonephriis may not have the sigmsficance they at
fiest suggest Tusther, deference must be pud 1o the excellent cha
1eal nd experimental proofs that renal jury, includmg that asso
anted with pyeloncphritis 1s sometimes the cause of arternl hyper
tension  Eximples, suitbly chosen and carefully documented are
more mportint than rules In brief arternal hypertension and
chronic pyelonephntis arc both common ailments The tendency
1 recent years has been tn the ditection of indiscriminately Ibeling
the one as effect ind the other 1s cause This 1s madmussible But
the fict remains that the assocrition of pyelonephritis with severe
hypertension exists The reltionship 1s uncommon but cinnot be
safely sgnored

Duignosis of chronic pyelonephrius 1s not c1sy It begins with
a review of the history bacl into childhood for evidences of
uriney anfection The firse evidences may be extrawrinaty 1nd con
sist of faugability loss of weight and appetite and anemn Pro
teinurin 15 rarely very severe The uripary sediment should be re
petedly and deliberately searched for red and wiute blood cells
and for tubular epithelum 1l of which mny be absent 1 some of
the cxamininons Costolumbar or costovertebral tenderness 1s sug
gestive evidence Both are often absent Utine cultures positive for
2 pathogenic orgimism on two occastons of pteferibly more go
far toward malung the dignosss Ie ts completed by 1 more seuch
ing study of renal function and structure This includes the tests
of remil funcuon intravenous urogeiphy ind cystoscopy with bt
lateral mensurement of the cxcretion ume of indigo carmine or
phenol red of umnary uren concentraons 1nd eximsnatons of
the urine sediments for cclls casts and bacter

If hypertension 1s present the problem of relwne 1t to the
renal disease depends on an estimate of probibilies Time rel
tonships betneen the onset of the pyelonephritis and the appear
ance of hypertension are important but otten cannot be estiblished
Platt has suggested tao mmportant clinteal guides  the patents age
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and the family hiscory Hypereension especially when sevese and
when it appears s pessons under 45 who dcfsr:ncly do not have 2
tarmily ustocy of hyp pots the probabilues about 3 1 in
{3vor of semal ongin

“The wreatment of bilateral pyelonephtitis begins wath a scarch
for wrologc defects When these ate irremediable or not demonstra
ble the next step s to stenlze the unnary wract. In so domng treat
sent from 1ts outset should be aumed at the immedute and toral
eradication of all bacterta m the hidney ussues Anubactenals and
anubiores shoutd therefore be used n full dose The choice of drug
should when possible be made by cultural selection of the agent
© which the organism 15 most suscepuble Half measures and 1n
adequate treatment ate worse than useless since they merely create
tenstant strans of orgamsms The agent chosen whether 4 sul
fonumide o an antbtonc should be gren i full therapeuts. dos
age from the outset. It 15 an expenstve and sometimes a dangerous
efsor to copunue trearment for wo fong a ume Persistence of a
posune uaae culeare under tteatment sadicates esher an snappro-
priate choce of drug or the development of resistance 1 the organ

17, The so-catled unnaty anusepucs should not be relied on 1
this dangerous disease

Umlgteral rendl disease —Pyelonepherus consttutes a farge pro-
poruon of unslateral renal desions Therr assoctation with hypetten
swon 15 anal 1o that of pyelonephnts n that )

g at
caes do nat 4 an undue d of hyp

whereas teports of sndwidual cases estabitsh 2 close assocntion
How close this assocration 15 remams unknowa €xXeept In patients
10 s hom unitateral nephrectomy tesults 1n cure of established hyper
tensive dissase A stringent teview by Homer Smuth of the aval
ble dota sndirares 2 cure rate of aboue 20 per cent which 1s indis
putably grester thep the frequency of spontaneous temussion 3n
essentia) hypereension Untl the elustve factors which mmae and
peeperuate senal hypettension are berer understood

the approach
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to the problem of hypertension due to unitlateral renal disease wall
conunue to be empiric

It 15 interesung to note that the concept of umilateral renal
disease as a cause of severe hypertension was based on cltnical
observauons which antedate the production of sausfactory expert
mental renal hypertension One of the earliest and most complete
descriptions 1s that by Ash Upmark who described a syndrome of
unilateral renal hypoplasia with deformity and recession of the renal
pelvis  somettmes associated with other congenital defects and
more common 1n females, which gives nise to the syndrome of
malignant hypertension, usually during the adolescent period of
rapid growth

In a study (Raeliff ez al') of 49 such patients 17 had no symp
toms of disease of the umnary tract, 19 had unilateral chronic
pyelonephritis which 10 eight was assocrated with renal hypoplasia
Eleven showed hydronephrosis and four tuberculosis Relief of
hypertension followed nephrectomy n 17 (35 per cent) In the
whole group of hypertensive pattents from which these 49 wete
drawn by routine urologic survey about 5 per cent showed uninary
abnormalities half of which were amenable to nephrectomy Thus
the probability of successful tteatment based on careful routine
urologic study of hypertenstve patients lies between 1 1n 100 and
110200

Expense 1s 1 large factor when the odds ate so heavily against
the patients obtaining trelief from urologic examinations Patents
must therefore be screened 1n some way before entering on 1 full
urinary survey The sumplest and cheapest as well as the most
effecuve methods for such selection are intravenous urography and
study of the urmnary sediment and culture When these indicate the
presence of unilateral renal disease 1 more serching study 1s clearly
1n order And when definite evidence of umilateral rennl diserse has
been obtamned the probability of 1 renal onigin of the assoctited
hypestension must still be esumated from Plues erteria of age
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severuy of hypertension and absence of 2 family hustory of the
dsease Thus 1a the older patient with mild hypertension a positive
family hustory a normal excretory wrogram and stefile unne 7o
further study 1s indicared. But 1n young people with severe disease
e sesteh for urmary abnormalines should be continued even when
e miravenous urogram 15 normal and the usme sterile

Once 1t 15 established that thete 15 unilateral renal disease and
that this s probably a cause of hypemension the problem 15
whethet of not w advise nephrectorny This opesaton 15 imdscated
on surgical grounds i about a thurd of the cases and this without
reference to the coptinuance of the hypertension In the other mo-
thurds the decs 1on 15 based on the probabiliy of seliewing the
hypertensise disease

In this connecion an important prinaiple 15 derved from am
mal exp N kidney 1n dogs

Nep y of the offend
wath expenmental Tenal hypettension cxuses prompt termision of
arteral pressure even when the tension has been high over long
periods In contrast nephrectomy 1 hypertensive rats 15 less and
fess effecuve 10 reducing the pressure as the duration of the hyper
tension »s prolonged. A study of the normal ladney of persistently
b hrectomized rats d d to Wilson and
Bycom the presence of renal vascular disease Thus obsetvanon led
them to the concept of a vicious cycle 1 renal hypertension  the
shaormal hedney causes hypertension hypentension  when pro-
longed results 1 artenial and artersolar disease renal astersal dis
ease begins 10 the contralateral normal kidney causes pressac
endochine activity and thus increases arterial pressure further or
after nephrecromy causes bypertension 1o petsist. The evidence §or
this concept has not compelled full agreement among invesuga
tors Sull 1t has much to commend 1t paruculaly since clinical ex
Perience saggests that in this respect, as pechaps 10 others man re
sembles more hus enemy che tat than hus friend the dog

Te 18 2n applicanion of dus panciple that age and duranon of
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hypettension are mmportant factors 1 the selection of pients for
nephrectomy Age enters 1nto the pattern for two reasons One 15
that hypertension after age 45 15 much more probably essential
than renal, the other 1s the fact that sclerosis and artenal disease
seem to proceed more rapudly 1n old vessels so that even when a
renal origin can be established 1t 1s unlikely that nephrectomy will
be of much avail Durauon of hypertension 1s merely an index of
the probability of contralateral renal arterial disease The decision
1s sometimes based on rules of thumb which would deny operation
after two, three or four years of established hypertension However
arterial disease rather than age or duration 15 the true imiting fac
tor We recall one woman—an exceptional case to be sure—who
at 32 had had hypertension for 16 years as the resule of healed um
lateral renal tuberculosis Nephrectomy by Dr Charles Higgens re
sulted 1n a cure which has persisted for four years The decision 0
operate was made despite the duration of the hypertenston because
she showed no evidences of loss of vascular advptation o hyper
tenston 1n the retinal vessels heart and aorta or contralteral hidney
No sumple rule will guarantee a good result from nephrectomy
A positive famuly history doubt as to the presence of disease n the
other hidney long duration of hypertension age over 45 and pres
ence of arteral and arteniolar sclerosis contramndicate 1 nephrectomy
which 1s bemng considered on medical grounds Posiuve mdications
are less obvious They include severe hypertension of recent ongim
1n young people whose renal discase 1s definitely unilateral whose
other kidney 15 hypertrophied and who do not show any evidences
of vascular senescence In this connection 1t 1s important tha the
acute destructive lesions of retnopathy i the mahgnant syndrome
are not interpreted s duc to artersolar sclerosis and as contrundica
tons
In summaty the careful scarch for patients who can be relieved
by operation 15 worth while After all a cure rate of even 1 1t 200
1s an achievement 1n unselected cases of severe hypertension and 10



HYPERTENSION OF CARDIOVASCULAR ORIGIN 39

properly selected cases a rate of 11n % or bettes can be expected
The fsbulous clums of enthusiasts of the eatly 19403 bave been
countered by the searching analyses of the more pesumusuc and as
batance has been 1eached nephrectomy has come to assume its
PIOPEE PEISPELNE 3D Testment

11 HYPERTENSION OF CARDIOVASCULAR ORIGIN

Artevtoscleroic  bypertension —Arteniosclerouc by pertension
consists in an ncrease of artenal pressute ptedonunately and some
ames exclusively of systolic pressure shich 15 due to Joss of elis
ticnty of the aorta Its mechanssm 15 discussed elsenhere (p 124)
Briefly stated failure of the elastic artenies to stretch to accommo-
date the thrust of blood duning svstole causes the systolic pressure
to rse Stace the run-off of blood 10 dsastole 15 not usually cheched
by any considerable increase 1n pesspheral resistance as it 1s 0 €5
sennal hypertension  dustolic pressure may be normal or even
decreased 1o some patents the condicion ocurs 10 2 mixed form
m assotauon wich increased penphenal sesistance and madd essen
tal hypentension

Typically the condivon has v onset 1 men at about age 50
aad 0 women about a decade later It does not of sself cause
syrptoms However since 1t 15 evidence of artenal sencscence
1t 15 assocsated with increased incidences of coramary attery duease
n women and of renal arteniosclerosss and cerebrat acadents 1n
both sexes These complications ate less common than they are i
the mixed form of systolic diastolic arrenoselerouc plus essental
bypertension (Zeman and Scheartz) and i essentral hypertension

In fact were st not for s slow progtess tonard cerebral or fenal
falute and occastonal abrupe complications the condition mght
Te(xegarded asbenign It does lietle ta cut shart the biblical term of
e

Tt 1 most eften and most unnecessanly complicated by the
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hypettension are important factors i the selection of patients for
nephrectomy Age enters mnto the pattern for two reasons One 15
that hypertension after age 45 1s much more probably essenual
than renal, the other 15 the fact that sclerosis 1nd arterial disease
seem to proceed more rapidly in old vessels, so that cven when a
renal origin can be established 1t 1s unlikely that nephrectomy will
be of much avail Duration of hypertension 1s merely an mndex of
the probability of contralateral renal arterial disewse The decision
1s sometimes based on srules of thumb which would deny operanon
after two three or four years of established hypertension However,
arteral disease rather than age or duration 1s the true limiting fac
tor We recall one woman—an exceptional case to be sure—who
at 32 had had hypertension for 16 years as the result of healed unt
lateral renal wuberculosis Nephrectomy by Dr Chatles Higgins re
sulted 1n a cure which has persisted for four years The deciston to
opertte was made despute the duration of the hypertenston because
she showed no evidences of loss of vascular adapration to hyper
tension 1n the reunal vessels heart and aorta or contralateral hidney
No simple rule will guarantee a good result from nephrectomy
A positive fammly history doubt as to the presence of disease in the
other hidney long duration of hypertension age over 45 and pres
ence of arters1] and asterolar sclerosis contraindicate a nephrecromy
which 1s being considered on medical grounds Positive ndications
are less obvious They include severe hypertenston of recent orgin
in young people whose renal disease 1s definntely unilateral whose
other kidney 1s hypertrophied and who do not show any evidences
of vascular senescence In this connection 1t 1s 1mportant that the
acute destructive lesions of retnopathy 1n the malignant syndrome
are not miterpreted as due to arterolar sclerosis and as contraindica
tions
In summary the careful search for pauents who can be relieved
by operauon 1s worth while After all a cure rate of even 1 1n 200
1s an achievement 1n unselected cases of severe hypertension 1nd 1n
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The infanule type of coarctauon commonly mohes the
whofe isthmvs of the sor tather than 2 small segment, a5 10 the
adult type It 1s owach the more senous and 1ts vicums seldom Ine
sore than a few hours ot days after birth The adule fype suh
which we are concerned here consists of constnicuon of varying
degrees at, ot more commonly just below the nseruon of the
ductus atteriosus of s obliterated remnant the ligamentum
artegrosum, It 15 compauble with Lfe for many years When the
carrowiag 1 sevete 20d catlateral arculavon not wholly adequate
patients seldom live longer than 20-30 yeass Obniously the dif
fieuhy 10 prognosss 15 to deade how adequate 15 the collateral ce
cutavon,

The mechanism by which the hypertension 15 produced 15 ot
clear Narcowsag of the aorta obviously sncreases resstance to the
flow of blood But there 15 added to this 2 generalized increase i
peripheral resistance Thus Steele showed that the diastolic pressure
below the nartosed area of the aorta 15 also elevated abave normal

Deathr from coarcration 15 wsually due ta decreasing frequency
© (1) congesuve heart fadure {2) rapre of the aoria or hearr

(3) cerebrat hemogthage or (4) bactenal endocardns The signs
and symptoms of the anomaly especsally «f 1t 15 muld are aot chat
actetistic and 1t 15 not unusual for it 10 be discovered only m
secropsy But nhen the nagroning 15 of sufficient magnsrude many
pathognomonic signs appear First, systobic and drastolic hypesten
10 apperr a1 the upper part of the body and often diastolic by
not systohic by pertenston m the lower part. The femoral pulses an
delayed and dutamished. The changes need not be great 2nd 1ndeed
the drapnosss 1 often sussed because they are not. The pulse way
contours below the coarcranion are flat smooth 20d somewhat de
laged Second there 15 development of coflateral crantation wnvols
g chuefly the wternal mammary ntercoseal scapular and dee
epigastric artertes The first three of these vessel systems becon
ditated often hypertrophred, and may be scen and fefe, The we
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physicran who mstales this form of hypertensive discase for true
essenttal hypertension He thus creates an satrogenic hypertensne
neurosis which will shadow the pancents declintng years and per
haps lead hum mnto a dreary round of diets drugs doctors and
worse True, the aorta may be dilated and corcuous the fundal
arterioles sclerotc and che pattent s cardiac and renal funcuons be
low normal standards for adult healthy people But since the dis
ease 15 relauvely benugn and since the age in which 1t occuss 15
ordinnly one of decreasing vigor and accomplishment none of
thus 15 very alarming In parucular the physicran should recognize
the fact that the mechanism of this hypertension (a positrve dis
proportion between cardiac output and aortic elasticrey) 15 such
that the pressure levels fluctuate widely Ths fact paradoxical as 3t
may seem that a hypertension due to mcreased ngidiy of vessel
walls should be so fluctuant accounts for many mstaken and now
forgotten claims of therapeunc success It also potnts the way 0
treatment

Treatment 1s directed at stabilizing ar a refauvely low level the
rate of cardsac output It 1s accomplished by rest 1n bed sest periods
during the day mild sedation reduction of excess weight (wathout
pressor amnes) and all the general measures of wider interests,
restful diversions and philosophc tegeaton which result in 2 com
fortable and happy old age Treatment 1s difficult tn patents whose
aortic flesh 1s weak while the spure ss sull strong and youchful In
some of these 1t 1s perhaps unfortunate that artersal pressure was
measured and a diagnosss of hy pertension ever made Sull sc 55 only
a matter of logic and good hygiene thae these too should let up a
bit from the drive of life and 1n so doing protect their aging vessels
from undue strains

Coarctation of the aorta—1It 1s important to differenttate coarc
tagon of the aotta from essenual and malignant hypertension be
cause the prognosis 1s often very diffetent and especially because
surgical relief of coarcration 15 usually obtamnable
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The optumal ages for performance of the operauon appear 10
be from 6 to 20 years Beyond 25 artenosclerone changes 1 the
20tra mav mabe 1t subject to ruptuse and unswtable for amst‘nmo-

)
sis After ful op hyp may be ¢ 0~

luned and signs and symptoms of congestve failure clear

1 HYPERTENSION OF ENDOCRINE ORIGIN

The adrenal cortex Cushing s syndrome and Cushing s disease
~—The rerm Cushing s syndrome 15 applied whether the chatac
tenstic syndrome 15 of adrenal or pitwirary ongin The term Cush
ing s discase 15 restricted to cases of basophilic rumor of the pirut
tary The clinical fearures of Cushing s syndrome listed by Albrghe
are () msulin resistant, rather mild duabetes (b) muscular weak
ness t¢) oseoporosss especally of the spne (d) a thin shin
marked by staae easily brased and susceptible to nfection {e) 1
patence and amenorrhea () moderate obesity most marked sn the
face (g) mild husunsm  (h) mild erythrocytosss and () hyper
tension The hypettension 1s often associated wath relatively severe
nephrosclerosis (Table 4) The association of hypersension and
artersovascular disease sath thas condinion tesolts in the considera
non hete of 1 condinon shuch although uncommon 1 so deamatc
23 10 be famihar (o most climaans

The disease has fusther mtetest because 1t 15 one of Natures
expenments in endocrne physiology The basic pathology varies
€ ) be a cancer or adenoma of one adrenal correx sometumes of
both 1t may be 2 basophul adenoma of the prantary m which case
1t 15 vsmally assocrated with brlateral hyperplasia of che adtenat
coruces the cortices may be hyperplastic withous other lestons ot
0 some patents no causal adrenal or prwary lesion can be sat
sfactonly demonstrated
cssc:::fl lpn\hc\ogx: rhyswology 15 much more unidorm and consists

y 1 hypercorucaidism The excessive production of the
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known notching or scalloping of the posterolateral mferior aspects
of the sibs seen on x ray 1s due to erosion by the enlarged inter
costal vessels Third, the heart enlarges with evidences of fulure
acute or chronic along with prolonged systolic murmurs herd over
the 1oreic area transmitted to the back and often along the col
lateral arculaton The normal roentgen shadow of the carduc
Anob 1s decrersed or absent The ascending 10rt1 may be moderacely
dilated 1nd appeats to nisc higher than normal 1n the nech

Diagnosis may be finally established by 1n arteriogram Tor this
purpose, 70 per cent diodest® 1s mpected intravenously and fter
a suitable tme o allow arculton through heart and lungs the
prcture 1s taken Campbell and Suzman describe 1 maneuver which
may be useful in the dragnoss of coarctanron The patient stoops or
bends forwird with the arms hanging at the sides Colluernl
arteries under the shin of the back and sides of the chest 1ppear
where none were vistble before They believe tus sign due to
widening of the costoclvicular space 1nd hence 1t follows that in
the usual positions the spice between the clavicle and the first ub
1s sufficienddy natrow to produce some constriction of the subclvin
artery In patients with conrctation who do not show the sign the
space 1s wide enough not to compress even the dilated subchvian
artery

The outlook for patients with adult conrctation has uadergone
radrcal change with development of surgical operations for correc
tion of the anomaly chiefly by Crafoord and Nyhn Gross and
Blalock The usual operation conststs of freeing the aorta and the
natrowed segment removal of the anomaly and nastomosts of the
cut ends of the sorta The operitive mortafity has not been unduly
great considerng, the seriousness of the problem Not Il patents
are sunable candidates because of the extent of the anomaly and
the length and elastic quality of the vessel but enough in the
younger 1ge groups have the chance of success to justfy surgical

exploration
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The opumal ages for performance of the operation appeat to
be from 6 1o 20 years Beyond 25 artenoscleronc changes 1n the
zora may make 1t subject 10 ruptute and unswable for anastomo-
sis After ful op hyp may be completely te
fieved and signs and symptoms of congesuve {mlure clear

1l HYPERTENSION OF ENDOCRINE ORIGIN

The adrendl contex Cushmy s syndrome and Cushing s disease
~—The tesm Cushungs syndrome 15 applied whether the charac
tenstic syndrome 15 of adrenal or pirutary ongin “The term  Cush
1ng s disease s restrceed to cases of basophilic tumor of the prow
tary The clinscal fearures of Cushing s syndrome histed by Atbnght
ate (a) nsubn eststant rather muld diabetes (b) muscular weak
ness (o) osteoporosis especially of the spine  (4) 2 thin shin
mathed by sttiae easily bruised and susceptible to nfecuon {e) 1im
potence and amenorrhea () moderate obesity most mathed in the
face (g) muld hirsnusm (5 muld enythrocyrosss and (1) hyper
tensicn The hypertension s often associated with relaavely sevete
nephroscleross (Table 4)  The assoaauon of hypertension and
arteniovascufar discase with this condinon results i the considera
t1on hete of a condinon which although uncommon 1s 30 dramauc
25 10 be familiar to mort chimcians

The disease has further interest because 1t 15 one of Nawres

in endoctine p 5y The basic pathology vanes

ncef or adenoma of one adrenal cortex sometimes of
both 1¢ may be a basophul adenoma of the puitary 1a which case
‘:o:c‘;“ﬁ c::::zzte‘:av::hbnatcm hypesplasia of the adrenal
y yperplasne without other lesions or

1n some panients no causal adrenal or prtutary lesion can be sat
ssfactonly demonstrated

T
itmay bead

The pathologic physiology 15 much mote unsform and consists
essentially i hypercorncardsm The excessne production of the
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gluconeogenic adrenal steroids ss believed to account for the du
betes muscular weakness, osteoporosts and loss of shin ussue The
mechanism of the hypertension 1s not 45 obvious except s 1t has 1ts
counterpart in the experimental hormonal (desoxycorticosterone)
hypertension of rats (Sclye) Ths association and the fact that
adrenal cortex function 1s 1n some way essental to the mantenance
of experimental renal hypertension may have a wder relevance to
the problem of clinscal essential hypertension

Indeed, excessive dosage of desoxycorticosterone cuses a shatp

TABLE 4 ~—RENAL FUNCTION IN CUSHING 5 SYNDROME
| PATICNT NUMBER

! 1 ] 4 I 3
Renal blood flow* 687 495 518 446 463
Renal plasma flow* 374 271 295 20t 278
Glomerular filtrazon rate® | 77 7+ 71 71+ 59+
Ty m, 399 3224 | 278+ | 267+ ] 196+
Arterial pressure (Pm) 135 120 140 122
Dilicatton fraction 021 028 024 035 021

Renal blood flow/Tmy, ¢ 172 154 186 167 236
Glomerular filtration

rate/Tmp, 192 238 254 266 30
Resistance

Afferent 378 205 282 248

Effecent 142 124 195 064

Toral 520 333 477 312

Incc/173sq m/ma

ancrease in artertal pressure 1n some pauents with Addison s disease
and 1n normal subjects as well as 1n hypertensive pattents What
appears to be malignant hypertension has thus been induced n a
few patients with Addison s disease

Selye and co wotkers hive shown that admuustration of large
doses of desoxycotticosterone acetate to rats results 1n nephro
sclerosts hypertension and generalized severe attenal diseise resem
bling panarteriuis The experimental disetse 15 more rendily estab
Iished 1n uminephrectomized animals which are given 1 per cent
sodium chloride 1 their drnking water This face which has been
confirmed and extended 1 detail by Masson in our Iboratory s
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refared by Selye 10 a general concept of the discases of adaptation.
1t depends 10 part on the fact that admumstaton of 2 suspension
of yophuized anterior prtary to Fats fed figh protewn diets
also results n renal and arrersal disease with some hypertension In
oudine 1t 15 proposed that msults 1o the bodity economy result 18
adsptive sequences of prruntary and adrenal acuwity Wich repeated
ot sustained stresses the mecharusm of adaptanon sucks 8 18 were
1 high gear in the phase of resistance with excess adrenal sctaty
and an outpounng of the desoxyc like focorts
cads te adrenat corucal b which act pred 1y on
elecerotyte {Na, h) metabolsm. These hke desoxycorucesterone
are presumed to act 1 cansng tenal and extratenal vascular dis
ease and hyp elisung and p also the acuvity of
the ronal pressor system The advanuages for tesearch of such »
broad conceptual oudling ate obvious If proof 1n detan) of 2 wide
spread or even more localized chinical application 1s facking there
s sull much 1n the concept whuch beats on the general problem of
hypentensive disease and most obviously on the cardiovascular
aspects of Custung s syndrome:

Dugnosss s made from the summation of climeal features
particularly of the frst three noted above It may be confirmed 10
fmost cases by demanstranon of high lesels of unnary and plasma
corticoscs 2nd of a negattve tutrogen balance Some patents most
commonly those with adrenal tumors show hugh Jevels of arnaty
17 kerosterords The fusther dragnoss betw een adrenal and piwtary
and between camor and hyperplasia is tsually a marter of great
difficuley

Treatment 1 also factory The pathophysiol:
disease 15 an 1nd for ad - of testo iI'hosfs ;h::

the aim of mcreasing protein ansbolism 50 s to rerard the katabolic
acuvuy of the excess tothiconds Selyes expeniments suggest that
1t mught be advisable o w ¢ 2 Yow sodum diet and 1n cases of
Pituitary ongin g diet fow 1 protens ‘Tumors of the adrenals
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should be sought for and eradicated with special precantions agunst
postoperttve hypocorucoidism due to  compensatory  atrophy of
the residual adrenal ussue Bilateral hemiadrenalectomy has been
done 1n a few pavents with beneficial results In consderiag oper
ation one should remember that the hatabolic aspect of the diserse
causes dcficient wound healing with resultant increase 1 post
operative morbidity and mortaliey

The adrenal medulls  Pheochromocytoma—Functiomng tu
mors of the pheochrome drenal medullary ussue, of extea adrenal
medullary rests or of the organ of Zuckerkandl occur rarely Sull,
the increasing number of cases diagnosed and successfully treated
smdicate that the condition 15 more common than 15 generally
thought Turther since they are the cause of one of the few wholly
remedtble forms of hypertension they should always be borne
n mind

These tumors are usually adenomas A few most of them ap
parently nonfuncuoning are carctnomas About 10 per cent are
bilateral The pathologic physiology consists essentsally in hyper
adrenalinemin and from recent studies probably hyper nor ad
renalsm  which causes fluctuant  episodic and  hyperreactive
hypertension  palprtation  headaches  hyperhidrosis anxity and
tremor Some eptsodes termunate 1n duphorests and vascular col
lapse They 1re precipitated by movement compression of the
abdomen exposure to cold or emotion and are someumes sponta
neous The attacks are 1ssociated with hypetglycemia sometmes
with glycosurta and with hypermetabolism Some patients show
increased levels of glomerular filtrition race and urea clearance

Continuous hypertension due to pheochromocytoma ss less com
mon than the wtermuttent form The findings 1n these cises may
seem 1dentical with those of severe csseneal hypercension The fre
quent presence of retnal hemorrhages and exudates may lead to the
diagnosts of malignant hypertension Because of this similanigy
unsuspected 1drenal meduliary tumors hise been found m tbout
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1 1n 200 pavents dussag sympathectomy for essennal hypertension
Catll has observed the change from remutzent 1o sustaned hyper
1eNSI0N 1N SOME €ASES
The mechanism of suscuned hypertension 15 not as obious as

that of the sntermittent gpe winch 1s exphicable as the cesule of
hyperadrenalinemsa ajone Howeser 1 has recently been shown that
the normal adrenal and at least some pheochromocyromas con
win 1 addiion €0 adrenaline nor adrenatine This compound 15
beiered to be idential wich sympathun E (excitatory sympathin)
Jr &ePers fram adrenaline 1n thot 1ts effects on the vascolor wree ate
such closer to the hemodynamic changes of essental hypertension
than are those of adrenaline Unbike adrenaline sts pressor effect
15 not eanily reversed by dib * Consequently the suggs

has been made not oaly that nor adrenaline may parucipate n
episod.c crises bue that sts conunuous secretion would account for
sustained hypercension A farthex possible mechansm of sustawed
hypertens on hes 1n the face, demonstrated by Vogt and confirmed
by us that perhaps via pituicary hiberation of adrenocorticotrophsn
adrenaline precipieates liberation of excess adrenal cortical hormope
Since as discussed 1 the precedmg section hypercorticordism 15 a
cau e of hypertensian and vasculer disesse 3s well as of dibetes
mellitus the adrenal cortex may parucipate in some of the mant
festations of medullary numors

‘The possiility of pheochromocytoma should be suspected when

bypestension wnsulin tesistant dibetes and hypermerabolism corm
ade especually 1n young peaple aad ta chuldren The condrmon 1s
more common 1 females In patients with typical episodic crises
the diagnosis can all bur be eseablished on clinseal grounds Psycho
neutoss {neutocteeulatory asthenia) hyperthytordism and the hy
Petrensve duwencephalic syndrome {(p 64) should be thoughr of i
duffesentrs! dagnasss The dngnostic tests which
chinical mpressions are Uisted 1 Table 5

The safest and probably the most spearfic of these tests 1s tha

confirm or negate
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should be sought for and eradicated with special precautions agamst
postoperntive hypocorticoidism due to  compensatory  atrophy of
the residual adrenal ussue Bilateral hemdrenalectomy has been
done 1n 1 few patients with beneficial results In considering oper
tion, one should remember that the katabolic aspect of the disease
cwses deficient wound healing with resultant increase in post
operative morbidity and mortaltey

The adrenal medulla Pheochromocytoma —Funcuoning tu
mors of the pheochrome adrenal medullary ussue, of extra adrenal
medullary rests or of the organ of Zuckerhandl occur rarely Sull
the increwsing number of cises dingnosed and successfully treated
mdictte that the condition 1s more common than 1s generally
thought Further since they are the cuse of one of the few wholly
remedible forms of hypestension they should always be borne
1n mind

These tumors ate usually adenoms A few most of them ap
prrently nonfunctioning are carctnomas About 10 per cent are
bilater1l The pathofogtc physiology consists essentially 1n hyper
adrenilinenia and from recent swdies probably hyper nor ad
renalism  which causes fluctuant episodic 1nd  hyperreactive
hypertension palpitation  headaches hyperhidrosis anxiety and
tremor Some epsodes termunate tn diaphorests and vascular col
Inpse They are precipitited by movement compression of the
abdomen exposure to cold or emotion and are somenmes sponta
neous The attacks are assocrated with hyperglycemia sometmes
with glycosuri and with hypermeribolism Some patents show
ncreased levels of glomerular filtranon rite and urea clearance

Conutnuous hypertension due to pheochromocytormn 1s less com
mon than the mtermuttent form The findings m these cases may
seem 1dentical with those of severe essentril hypertension The fre
quent presence of retnal hemorthages and exudates may lead to the
diagnosis of malignant hypertension  Because of this similanity
unsuspected adrenal medullary twmors have been found m about
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indicauon for re-exploration In any event every pauent should be
tested for responses to the drugs tisted before and agmn afer
opetanon. Surgery 15 comphicated by difficulty 1 localizing the
ramot and by pressor mses followed by vascular collapse duning
the op As 2 sesult, opy lity has been hugh a1
thoagh improvements in surgical techine have decreased 1t in recent
years Localuation of the tumot 15 done by arr msufflation roent
genograms when as 15 usual palpanon and pyelography gre no
due A transabdormmal operavon shich alions vissalzation of
both adrenals 15 preferable to a lumbar inamon Excessive fises 1
pressuze can be controlled with benzodioxane The sharp drap 1n
pressure whuch follows removal of the wmor should be countered
by intravenous mfuston of arterenol® or eptnephrine This field of
surgery demands specal shill and expenence
Menopamsal bypentennon (p 77)

IV HYPERTENSION OF NERVOUS ORIGIN

Acure porphyria—As an example of hypertension of nervous
ongmn acute porphyra serves dmutably It 15 2 familal disease
charactenzed by the excrenon n the unne of large amounes of
porphytins due to aboormality of pigment metabolism The path
ologic changes are found chueBly 1n the nervous system and constst
of degeneration of penpheral nerves th 30

1
tersor and postertor horn cells Purkimye cells of the cerel‘:ellum and
the corucal cells of the cerebrum

The climcal signs and symproms are protean and may be di
wided toughly 1o four groups (1) Mental The patient appears
to suffer from conversion hystena If organic brayn disease has al
ready occurted the psychonewrone behavipr may be mashed Be
meen acacks the patients mental state may be quite normal
(2} Nervous with penpheral neunns and ascending myelins of
the Landry type Joss af motar povet and paralyses vsually incom
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with benzodiovane A positive response consists 1n a reduction of
arterial pressute to normal levels The value of the test 15 limited
because not 1ll patients show hypertension at the time of the test
The customary dosage 15 10 mg per square meter of body surface
and the typical response 1n essentinl hypertension 15 a shight rise 1n
arterial pressute Tetracthylammonium 1s also advocated because
of its comparatve safety A positive response consists 1n a sustaned
increase of arterrnl pressure An undue mse of pressure can be
abolished by standing erect since the drug also causes orthostatic

TABLE 5 —DIAGNOSTIC TLSTS USID IN SUSPECTED PHEOCHROMOCYTOMA
{BARTELS AND RINGSLEY)

EFFECT
SuBsTANCE AUTHORS Dost Me o1

PRESSURE
Histamine Roth and Rvale 1945 003 (1v)| wncx
Mecholyl® Evans and Guarners 1946 15 (sc )| ancr
Epinephrine Mayock and Rose 1947 l (sc)| none
Tetracthylammonium [LaDue Murnison and Pack 1947 300 (sv )| ancr
Benzodioxane Goldenberg Snyder Aranow 1947( ca 17 (1v )i decr

hypotension Mecholyl ® which normally causes a transient drop n
artertal pressure provohes a sustained hyperreactive nise of tenston
n pattents wath pheochromocytoma This response 15 advocated as
more relrable than that to histamine The hustamine test has had the
widest clinical use Its only disadvantages seem to be that certain
pattents wath pheochromocytoma do not show the expected response
and that 1n some patients the reactive rise 1n pressure 1s so severe
as to cause extreme discomfort severe headache and even collapse
In doubtful cases especrally n those with a suggesuve clintcal syn
drome two or mote of the tests should be used

Treatment consists n excision of the tumor In successful cases
1t 15 folloned by complete relief from all symptoms Mild duabetes
persisted 1 a pattent of Goldner also observed by us In some

patients the tumor 1s bilateral or there are other heterotrophic
lete] heref
p y 15 an

tumors fatlure to relieve the cond [
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plete (3) Abdominal with cramping pain vomiting consupation
loss of appetite (4) Cardioviscular with hypertension tachycurdia

The precise mechinism of the hypertension 15 not hnown but
since the lestons predominate 1n nerve ussue 1nd since the hyper
tension disappears 1s the attack and nervous manifestations subside
there 15 good reason to assume a causal relationshtp Whenever the
physician encounters 1 patent with wmtense psychoneurotic behavior
and hypertension he may well test for excess porphyrn by making
the urine very 2ad or allowing it to stand 24 hours For morte pene
tratng analysis of the problem the reader is referred to Walden
strom Watson and Larson or Roth
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‘han 20/15 sam Hg Hypertensives shoned much geeater nises the
mmean being 47 mm systolic and 34 mm dustolic. The response
10 the same sadwvidual was quite constant from day to day 1n Hines s
early expenence He 15 now inchmed to admyt 3 wider amplitude
of vanation and to stress the smportance of changes in duastohic
Ppressute 1n interpretation

Hines has drawn some smportant theotencal conclusions from
tus thinking about this test. They Jusufy the closest consideration
at the same tme complete acceptance must be withheld unnl fur
ther proof 15 brought. He considers the cold pressor test an ndex
of vascudar reactiviry Hyperreacuivity 1 his opinion, 15 an 1mpat
ot cuologic factor m essential hypertensin  Vascular hyper
reacuvity may occur as an inherited charactenstc of persons who
do ot have hyperiension As such 1t 15 believed commonly to
Teptesent an antecedent or Jatent phase of essenual hypertension
The mass of data he has gathered leaves hile doubr that hyper
reacurvy and hyp are f b d The exact
degrec. and nature of the assocation remamn obscure Unul these
are eluadated, the use of the test for momentous deasions 1n 2n
wdiidual normal case 15 to be discousaged.

The effect of age on the reaction 1o cold has not been established.
Some evidence suggests that the mncidence of hyperseaction may
increase wich age 1 dhis becomes established 12 will be necessaty 1o
bave diffecent sews of standards according 10 age levels For s
feason 1t would seem wise to withhold judgment on wark 1n whach
age groups ate compared indiscrimunately Doubtless this has Jec
to some of the confusion 1n the results of various 193 E5UL210rS

There 15 no agreement 2s 10 the exatt nise in pressure whic
constirutes pathologic hyperreaction Whether 1t s +20/15 o
+30/20 or +40/30 mm Hg temams to be determuned If th
hiouts of the test could be more accurately defined, the predicuo
value mught be greadly nproved.

¥+ 20/15 15 accepted as the normal TeSpONSE approximarel



3 Tests Desxgnecl to Me’lsure

V'lscul'lr RCSPOHSIVCHCSS

BecAusE OF the wide nterest m and use of the cold pressor
test, 1t seems useful to review briefly some of the bases of this test
Observations both clinical and experimental, long ago suggested
that pressor responses in hypertensive patients were greater than
normal Tot some sumuli this 15 probably true as we shall see, but
for others 1t 1s not No evidence 1s avalable to show why such
selectivity occurs

The various pressor sumuli, such 1s carbon dioxide nhalation
adrenalin,® pirressin,® exercise, erc, have been mnvestigated but none
has proved more acceptable as a tool for mnvesugation than ce
water used 1n the test of Hines and Brown For this rexson thus test
will be considered at length The examination begmns by establish
ing a control blood pressure level (smportant 20-60 minutes at
rest) and 1s done by immersing a hand up to the wrist 1n surred
1ce wter for one minute Blood pressure 1s measured 1n the other
arm every 30 seconds for the first minute, then every two munutes
unty] the nittal level is reached

Hines and Brown divided people with normal blood pressure
snto two groups (1) normal hyporeactors 1n whom the nise in
pressure was less than 20 mm Hg systolic and 15 mm diastolic
and (2) normal byperreactars in whom the response was greater

<9
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s litdle difference sn the proportion of panents with tugh m\:::
blood pressure 1 this sertes and 10 2 control sertes of ptr:)ns b .
had no urologic or renal disease Further herediry seemed equally

as an factor 1n the develog of hyperten
s:o:A associated with renal disease and n many cases of essential
hypettension In shore, they do not believe that renal disease 15 the
cause of essenuial hypercension but rather beheve that 1t occurs
wuth or without urologic renal disease when wherent factors pre

sumably hereditary measurable by the cold pressor test exest their
mfiuence

As with surgery of the sympathenc nenvous system the use of
the cold pressor test antedated a stdy of ws mechansm On the
adereat side Wolf and Hardy have shown that it 15 elicited by a
panful sensation due 10 cold The efferent side has according 1o
Rewser and Ferus mo P One 15 the d {one
minute fesponse) newrogemc and may consist 10 splanchnie vaso-
constriction  the other defayed phase of the pressor tesponse may
represent renal pressof sumulation

Agreement has sull 1o be reached on 1ts standardized mnterpreta
ton To one factor the constancy of the test from day to dav we
have refetred Some invesugators find as we do marked dwrnal
vanability A second facror is the refation between the basal level
of artensal pressure 20d the response 1o cold So far 1o correlanon
15 establshed except that 1 general the fower the control level
m relation to casual observatans of pressure the greater the e
sponse 1n both normal and hypertensive subjects This paradoxical
observation wndicates that the staadards of normal and hyperreac
tors may have to depend on thesr propartion to control pressure
Third there seems t be only partal Agreement as to the numbcr
of yperteactors i the general popufation It 15 important 1o ascer
e this proporuon wath teasonable cermnty because of us beanng
on the inadence of hypertensian Fially 1t 15 somewhat surprising
o find that the cold pressor rest and some of the other tests norably
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85 per cent of persons with normal blood pressure fall into th
hyporeactor group The remaning 15 per cent are hyperreactor
and may be expected to develop hypertension Whether this 15 true
or not will probably be answered by an extenstve experiment now
being conducted by Hines Foreshadowing the results 15 the obser
vaton that patients who exhibit an abnormal tise of pressute as
the result of the first examination by 1 physician are much more
Likely to have hypertension 20 years Inter than those whose pres
sures were not increased by this sumulus This appears to be an
established fact and was confirmed by a study of the frequency of
essential hypertension in Army personnel who at the outset showed
only transitory elevations of arternal pressure The frequency wih
which the hypertension became established as 1 disease increased
with age

The results from the cold pressor test 1 other mvestigators
hands has been somewhat varable Miller and Bruger found that
39 per cent of normal persons and 76 per cent of essenttal hyper
tensives give hyperreactve responses They made the interestng
statement that 1 hyperreactive response 1n 1 patient with elevared
arterinl pressure would exclude the possibiligy of the hypertension
being due to chronic renal diseise This confirms the observation
of Altm 1nd Smurh that the cold pressor response 1n chronic ne
phrutis with or without hypertension ss not ncreased Observations
by members of our group do not confirm this application of the test
but do underhine the varability of the response 1 normotensive
and hypertensive subjects and 1 hypertensives of comparible disease
state

A study of Hines and Lander though not strictly comparable
has 1 bearing on these views In 26+ pauents with various types
of urologic disease those who had high normal pressure on their
ongnal visit were four to five tumes as bikely to have hypertension
subsequently as were those with low normal blood pressure re
gardless of the type or extens of the urologic or renal lesion There
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to lack of cage 1n defintng what 15 meant by a “posittve famuly hus
tory Tndeed, the term 15 rarely defined 1 arucles deahing with the
subject Observations abtaned from hospreal tecords are weighted
1n favar of posive historses 10 2 measute OWRg 10 the ashang of
feading, questions  those ohtaned fac example durng nsurance
exammatons tend toward the negauve because of the desire to0
conceal the unfavorable These circumstances alone if there were
fot others sulitate against obtaming 4 true answer to the problem
There ate those who believe the fanuly history 55 posstive s mose
cases of esseqttal hypettension Thus Hines found a posive family
tustory 1n 87 per cent of 267 pauents with hypereension and sn 30
per cent of 608 normotensines The inadence of hypettension was
X ymes greater 2mong a group {1374 pauents) suth posime
facady hastones thon 2mong those wath negauve ones Of 300
hypertensive patents averaging 51 years of age 68 per cent had a
famuly hustory of cardiovascular disease compared wath 37 per cent
m a conttol group (OHare Waller and Vickers) Families in
whih both parents had normal blood pressure had chuldren in
whom the maidence of hypertension was only 3 pet cent according
o Ayman. But hypertension occurred 1n 28 pet cent of the children
with one hypertensive parent and 45 per cent of the children with
o hypertensive parents This evidence emphasizes the importance
of the beteditaty factor
One fact 15 certaunly established namely thar there are froubies
who show an unusual predisposition to arteqal hypertension o
example one famdy has been ohserved 1n which both patents deec
of cerebsal bemorstge and of therr 10 children eight had hypet
tension
While there are those who disagree wuh the observation tha
tere 15 4 refauonship bern een the tesponse o the cold pressor tes
2nd the famidy tustory of cardiovascular reoal disease o positiy
i‘c’;‘:‘?;‘:‘ﬂw 1 five tumes more frequent among normal hyperre
0 among the hyporeactors Further Hines has shown th:
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that of breath holding do not show the correlation to be expected
from similar or 1denucal physiologic mechanisms

To sum up, the consensus 15 that most essential hypertensives
and especially those early mn the course are hyperreactors 1n terms
of the cold pressor test Many hypertenstves will be recrurted from
the ranks of the normal hypetreactors that 1s of those with nor
mal basal pressures and hyperreactton to cold especrally when the
diastolic pressure rse from cold has been excessive But many
normotenstve hyperreactors may not develop hypertension Hence
1t 1s of the greatest importance for the physician to understand that
a posttive cold pressor test does not infallibly foreshadow the occur
rence of hypertension A positive response may be used however, as
evidence suggesung the group probability of future hypertension

Hyporeactots, just as those whose arterial pressure 1s conststently
below the usual standards are far less Itkely to develop hypertension
even though put under great strain Bur lihewise, thts prognosts
15 fallible

We believe that this test should be studied further and that 1t
should not be applied 1s a routine of clhinical dragnosss or prognosts
without great conservatism sn 1ts mterpretaton The rule of thumb
application of present day standards may lead to unjusttfiable
optimusm or pessimism On the other hand the test may ultumately
prove clinically useful For this reason s discussion has been
extended

HFrREDITY AND THE OCCURRENCE OF HYPERTENSION

Since vascular hyperreactivity 15 belteved by some to be a
hereditry characterssuc representing an antecedent or latent phase
of essential hypertension 1t 15 important to inquire nto the evidence
for the hereditary nature of essentral hypertension ieself

Mauch has been written on the subject but few deeply penetrat
ing studies have been made Perhaps much of the diversity of
opinton regarding the importince of heredity in hypertension 15 due
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4 E'\rly Shges of Hypcr;gr;smn

As ®E HAVE noted the finding of clevated blood pressuce 15 not
sufficient ground on which to make the dagnosss of essental hypet
tenston Some chmicians probably nghtly object to the term  essen
ual hypereension but do not offer a sastying equivalent nonethe
less custom has so established and sancuoned 1ts usage that it does
not appear fihely © be changed The eathier rexm hyperpiesia n
troduced by Clifford Altbute has not mee with wide acceprance
One of the most elusive and troublesome problems hat face the
physician 15 the prognostic differentanon of patients who exhibi
#ragsenc hyperrension  ehated usually by emouonal sumulation
into the mao groups of those m whom the increase 1n arrertal pres
sure 15 an eatly mansfestation of essential nephnine or artenoscle
rote hypectension and those 10 whom 1t has no such sigaificance
Especually 1 chess days of heslth conscrousness the number of
touune physical done by 5 and by
employers 1 constantly incressing and 1 the process this problem
becomes ever more criucal without lostng much of 1ts obseunity
Nor can the simaton be met on aither scienufic or moral
grounds by snap judgments It should nor be forgotten that once
the diagnosss of essentual or aephrine hypertension has been confi
dently stated by 2 quatified reputable physicin the panent may be
d“’:‘z‘::‘? ;: ;:\\&:‘:xmms of msurance and may even be batred from
g at the level of tus ughest skt On a more per

59
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mn both twins and famuly groups the pressor response to cold follows
an inherited pattern s 1 domin it charactersstc

Dcspte the appealing qualities of the view tha heredity plays
a vital pare 1 the genests of hypertension evidence to support 1t
has not been compelling A penetriung nalysis of the problem 15
that of Platt Briefly stated his darn, which should be extended
accord with the view that essentil hypertension 1s 1 dominant trait
A posiuve famuly history 1n a pavent with hypertension suggests
witha 6 1 probability, that the process 1s essential whereas a nega
uve famuly history indicates with only 1 3 1 probabiliey that the
hypertension 1s secondary due most often to renal disense Much
the same conclusion was reached 1n 4 study by Pl Sobye
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As WE HAVE noted, the finding of clevated blood pressure 15 not
sufficient geound on which to make the dragnosis of essenual hyper
tension Some chimcians peobably nightly obyect to the term essen
tal hypertension  bue do not offer a sausfying, equivalent fonethe
less custom has 0 established and sancuoned its usage that 1t does
not appear likely to be changed. The earlier term hyperpicsia 1n
troduced by Chifford Allbucr, has not met with wide acceptance
One of the most eluste and troublesome prablems that face the
physician 15 the prognosuc differcntiation of patients who exhibie
transient hypertension elicited usually by emononal sumulauon
wta the tro groups of those 10 whom the increase 1n artessal pres
sute 1s an early mamfestation of essential nephnitic or artenioscle
rotuc hypertension and those 1n whom 1t has no such significance
Especnafly n these days of health constiousness the number of
routing physical done by c and by
esmployers 15 constantly increasing and, n the process this problem
becomes ever moare cntical without lasing much of s obscunity
Nor can the sumation be met on eiher screntific of moral
grounds by snap yudgments It should not be forgotten that once
the diagnosis of essential oc nephritie hypertension has been confi
dendly stated by 2 qualified reputable physician the patient may be
deprived of the benefits of insurance and may even be batred from
making, his lwing at the level of his hughese skill On a more pet

190
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sonal level, the probability of making the patient unhappy 1s great

Despite the fact that contemporary knowledge does not allow
the differentiation to be made with assurance physicians must set
1t as 2 goal which investgaton should achieve The approach to this
problem may be facilitated by a tentauve classification so that as
methods become available the results can be applied logically to
differenttal dragnosis The following nomenclature may prove useful

SIGNIFICANCE OF TRANSIENT ELEVATIONS
OF ARTERIAL PRESSURE

1 Simple rasomotor labisty Transtene and regular episodes of
elevated blood pressure chiefly systolic, associated with 1ncreased heart
rate and usually some obvious emonional sumulus The charactenistic
clinical and laboratory picture of essential hypertension 15 not present
and does not necessarily develop

2 Prebypertensson These pattents tespond as do those with simple
vasomotor lability and will probably develop hypertension

3 Neurogeme bypertension ‘These pauents have early established
hypertension but on a neurogenic basis te with signs and symptoms
of nervous hyperacuviey

4 Early essential hypertensson These panents have established
hypertension posstbly on a humoral basts with early arcertolar disease

Ths 1s only a tentauve classification, subject to alteration or dis
card as more facts become available But 1t has value in emphasizing
the nature of the problem of early hypertension We may now
consider these groupings in more detail

VASOMOTOR LABILITY AS OPPOSED TO PREHYPERTENSION

Atterial pressure fluctuates with changes m the internal and
external environment several of which have been reviewed (p 19)
In most but not in all persons these flucruations are not great A
munonity show veolent changes well into the abnormal range under
what seem to be moderate or even unobserved sumuli Are these
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persons then suffening from very early essentsal hypertension ot
w surely acquire 1t”

1“1:“\? not uxy;cou?;:on w see people with moderate eles :mo: n
blood pressure dunng one or even several examinatons in whom
the pr:;Sure 5 normf\ 10 years later Probably too much has been
made of these exceptions for unforwnately, the pressure 1§ more
commonly found at fughes fevels on subsequent examination The
problem 15 how to diffetentiare those with simple vasomosor Tabality
from those who ate prehypertensive At present these 1S no sure
way But st 15 salutary to reshize that there 15 2 difference

Tran sent hypertension 15 more common with advanang age
and 1s then more often the precursor of pessistent hypestenston This
expertence confirros out own and restates the prnciples of Hines
and Brown But the quandary remains since even at age 50 only
half of those with transient cseases of arteral pressure develop
peosteent disease whule 2 significant tamber (roughly 16 pet cene}
who have novshomn this sign alsa become hypertensne

At feast w0 apptoaches wamediately present themseles for the
solution of the problem (1) Therte may be a qualitauve difference
 the mechanusm of the transient elevauons m blood pressure In
the group with sinple vasomotor labibiy the blood pressuse se-
spoase s sharp but nox pathologc 10 the group wah prehyperien
soq the response 45 3 mansfestaton of early morind underlying
change (2) The undacljins, presior tesponse in both groups may be
the same bt the sesponse 1 the hypertensive 15 quanttanvely pro-
longed. teact the one group develops essential hypertension the
other does qust, These views mught quite evidently be subjected 0
expenimental analyss and there 15 urgent need thar thus be done

Thete ate certam observations whach 1§ established as applying

to the patent undet examimation suggest the occurrence of simple
vasomotor labality ag of

pposed o prefiypertension Unformnately
they are only supgesuve

A high inadence of hypetiension 15 the family suggeses the
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duagnosis of prehypertension The psychologic make up should be
of great value, but unfortunately agreement on what constitutes a
pattern feading to hypertension 15 nsufficsent for close definition
If the nse in arternl pressure occuts 1n the absence of obvious
sumult some weight 1s added o the stde of prehypertension The
scsponse to the cold pressor test may be nd often 15, more intense
in the prehypertensive especrally the rise in distolic pressure but
the differences may be msufficient to ud 1n differential diagnosss
If 1n doubt 1t scems wise to postpone diagnosis unnl the panent
has been studied for a sufficiently long period to estiblish a definite
trend In the present stite of hnowledge and technic too husty
diagnosis surely does more miuschief than delay over a period no
matter of 1¢ 15 several yers long during which the dirgnosss caa be
more firmly estiblished

During a period of such mdecision 1t 1s beetet to calm the fears
of the patient by erring on the side of optimism than to nsk the
danger of engendering 7 neutosts by 1 too lugubrious atutude As
tus confidence 15 ganed a review of his Iife status may pont to
temeduable fictors 1n socral 1nd domestic life the correction of which
may salve the ssue temporanly at lewst The impottance of the
decssion which must be made or postponed 15 adeguate bisis for 1
panstaking evarunation If even then no decision c1n be reached st
may be uscful to conceal one's fears 1nd to ask the patient to return
for an annual physical examnation

It 15 smportant ar this stage to exclude other causcs of hyperten
sion such 1s pyelonephots and urogenteal bnormahities Indeed
chus 15 one of the useful functions subserved by 1 careful mvesnga
tion of panents who exhibst unusual rises in atterial pressure

Although all of these factors are of value 1n disclosing prehyper
tenstes sull they are not sure enough The addition of a few more
defintve examinauons would significindy ncrease the certainty of
diagnosis Thus 1s one of the mportant and persistent problems of

cardiovasculr disease



EARLY STAGES 63

NeurocFNIC HiPLRTENSION

Symproms 20d signs of & dusatdered henvous system m ccm}x‘n
hypertcnses long ago led 10 the belief that m some at least, che
disease was caused by mereased vasomotor actnaty Dut objecove
essdence w48 not chraned that dus was 5o Indeed so extravagant
and uncnmcal were some suthors 1n thewe espausal of this view dhat
2 reaction agamnst 1t was wntiated shich culmunated in the beliet
that the servous system had nothung whateer to do with hyperten
ston. Cutrent opion agun favors its imporance 1 the genesis of
certam cases of hypertension

lc s well 1 remember that the teem  newsogenic  signifies
thar the hypectension has #ts anigm m the nerous system probably
23 1 result of icrease 10 the number of mpulses carned by the
~asomotor nerses Such a concept may be premaure for stricr proof
that hypertension 15 ever 50 caused 1n human beings 1s not at hand
But certain scanty evidence suggests that it might be

Tt 15 possible that the neusogenic element reaches tts zeruth 1
the early phase of hypertension to be tenforced o supplanted
fater by the humora) mechanism

An interestng, example of the possibihiry of a nearogensc origin
of hiypettension 15 that found i one of sdentical twans ¥t 15 gener
ally assumed that the heredary patern of denucal tuns 1s alike
and hence the presence of « disease 1n one and not in the other
tends to mumumze the importance of the herediary component
Renal blood flow. and glomerafar fileranon rates were simiar i the
hypestensive and the notmotensine man bot che psychologic par
terns differed widely These facws suggest thar the psychologic
patern is of primacy euologic significance

From bedside observation two cliical pictures have been ob
served whuch serongly suggest the importance of the parucipation
of the nenous system 1n certamn types of bypestension The frst of
these hypertension with mamfestauons of a neurosis s probably
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diagnoss of prehypertension The psychologic make up should be
of great value, but unforrunately agreement on what constitutes a
pattern leading to hypertenston 15 1nsufficient for close defininon
If the rise 1n arternal pressure occurs m the absence of obvious
stumult some weight 1s added to the side of prehypertension The
response to the cold pressor test may be, and often 15 more intense
n the prehypertensive especially the nise 1n drastolic pressure but
the differences may be nsufficient to aid in differential dragnosts
1f 1n doubt 1t scems wise to postpone diagnosts until the patient
has been studsed for a sufficiently long pertod to establish a definite
trend In the present stite of hnowledge and technic too hasty
diagnoss surely does more muschief than delay over a period no
matter 1f 1t 15 several years long during which the dragnosis can be
more firmly established

During a period of such indecision 1t 15 better to calm the fears
of the patient by erring on the side of opumism than to nisk the
danger of engendering a neurosis by a too lugubrious attitude As
his confidence 15 gained 2 review of his Iife status may pomt to
remeduable factors 1n social and domesuc life the correction of which
may solve the 1ssue temporarily at least The mmportance of the
dectsion which must be made or postponed 1s adequate basts for a
patnstaking examination If even then no decision can be reached 1t
may be useful to conceal one s fears and to ash the patient to retumn
for an annual physical examination

It 1s 1mportant at this stage to exclude other causes of hyperten
sion such as pyelonephriis and urogenit1l abnormalities Indeed
this 1s one of the useful functions subserved by a careful investiga
tion of patients who exhibit unusual tises 1n arternal pressure

Although all of these factors are of value 1n disclosing prehyper
tenstves still they are not sure enough The addition of a few more
definttive examinations would significantly increase the certamty of
diagnosis Thus 15 one of the important and persistent problems of

cardiovascular disease
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condstron from hyperthyrordism that the sefum cholesterol 15 nor
mal ot dlevated rather shan low His obsenratons md:t:llc'lh-‘ll a
basbituric acid denvatne known n thus country as mebaral © gnen
2 dose of 200 mg 190 of three tmes duly, touses a remussion of
most of the stgas of the diencephalic syndrome apparently through
15 agten as 2 hypothalamuc sedauve Schioedes and Goldman have
added to the diagnosss of the diencephalic syndrome a test in which
mpaderma) miecuon of 625 mg of histammne base precipiates a
typrcal attack 10 3 few minutes

“Frie syadrome was called diencephalic because atmost wdentical
signs can be braught on by diffuse sumulanon of the diencephalon
1n human beags It 5 worth recognizing 1 not onfy so that i
sdvised medicaion or operavon may be avoided but because the
progasis seems ta be on the whole much better than for the more
usual vanietes of essennal hyperteasion.
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the more common but also the Jess well defined A few psychuatrists
have attempted to find a characterisuc psychitric pattern which
might have an etiologic connection with the hypertension but their
tesults have not carried complete conviction (see p 92) and can
hardly apply to all patents who suffer from this disease There
seem to be common denominators tn the mental pattern of many
hypertensives (p 94) This 15 1 new wista and requires 1ntensive
invesugation 1n a combined study by internusts and psychrtnsts
The second the hypertensnve diencephalic syndrome  presents a
clearly defined clinical picturc apart from psychic phenomena, but
the evidence 1n favor of sts being of nevrogensc origm 1s based only
on analogy Regardless of 1ts mechamism 1t 1s important that it be
differentrated clinically because of s differcnt course and prognosis

THt H)PLRTENSIVE DIENCEPHALIC SYNDROME

This syndrome was first described as most frequent 1n young 1nd
middle aged women though ¢ 1s occasionally seen 1t men It 15
characterized by hypertension of the labile sort more especially by
pertodic appearance of a blotchy blush which extends down over
the face and upper chest seldom if ever mvolving the limbs In
deed the extremuues may be cold pale or have a dushy mottled
hue during an atack Over the aren of blush are minute beads of
perspitation Tearing or merely watering of the eyes may occur
without an assoctated emotional counterpart o with only 1 minor
change 1n effect Tachycardra and hyperpenstalsis 1re common
These epsodes occut without apparent cause or may be brousht on
by embarrassment and excitement Graves disease 15 often diagnosed
because of these signs and because the thyrord gland usually ex
hibits shight diffuse enlargement and the basal metabolic rate 1
often elevated from about + 10 to + 30 Subtotal thyreidectomy
and anuthyroid drugs do not benefit these patients but the super
ficral similariues too often lead to theie use

Van Buchem noted as a pont m differential diagnosis of this
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Jox that some clinicians €aunon against regarding 3¢ as a hughly
serious discase of as a disease at all while still they acknowledge
¢ 35 the preatest single cavse of death

Indcc%i the phyfm:m 1s often so frustrated by it alf that he
openly sashes that the sphy gmomanameter had never been mvented
and that e were bach. ta the days of the hard and soft pulses And
he so contnues uanl five mmutes ot five days later he finds that
1t really 15 @ very useful tool 1 2 ught place and then f he 15
Amenan thanbs the shades of Cale and Custung the surgeons
who told hum about 1t

A pome fact i dealing with hypertension 15 that 1t begins and
may persist for years without causing any symptoms Diastohe
hyperteasion 15 probably most often acaidentally found whether 1n
a towune physical or dunng an examinavon for mnsurance employ
ment or for armed service In 15 early phases the disease 15 asymp-
tomatc This ahsence af symptoms shows that the vascular e can
for varable periods adjust and accommodate itselt to the impact
of artetnal hypertension A corollarv 15 thas presence of symptoms
early wn the disease mdicates 10 a fen pavents a mpid fashute of
this adpustment bur 1 most Suggests @ concomiat neurosts In
early hypertension then svmptoms 1f present are usually chose of
30 anxery sute and such signs as occut tesnlr from ncreased vaso-
mator teritability and take the form of cold extremimes palior dizzr
fess vague tensions and vaguer paias Signs and symptoms due 10
hypertension appear only as the results of arceria! and arteniolar
damage make themselves felt

Famial bidity 15

n the In our ex
pettence ~0-40 per cent of paticnts have close relatives who haye

had hypertensian ¢ mav have expressed nsclf s heatt disease
lidoey disease or strohes  but close questionmg will leave hintle
doubr as 1o the ratute of the undetlying hypetrensive process ‘The
age these felanves have reached £tves some nouon of the probable
tesihence of the parent s awn vascular system Inhentance of a poor



SECTION 11

5 Essentml anJ M'lllgn'lnt
Hypertcnsxon

ESSENTIAL HYPLRTENSION

LSSENTIAL HYPIRTENSION makes 1tself known by such a vartety of
signs nd symptoms that 1t 1s hardly possible to present a typrcal
clinscal picture Nevertheless certain changes constdered as a group
delneate ¢ wich 1 farr degree of ity The exhrustive exammnation
ncludes measurements which add greatly to defimtion such s
those of renal blood flow and secretory capactey

On the basis of contemporary evidence essentnl hypertension
can be defined 1s 2 morbid state 1n which fluctuiung systolic and
drastolic artertal hypertension occurs n 1ssocration with character
sstic artersolar v1soconstriction

Many people have the impression that essential hypertenston 15
almost exclusively a disease of muddle or old 1ge when 1t commonly
assumes 1ts florrd form It 1s mcrewsingly clear that the process
usundly begins much eirhier than the fourth or fifth decade prob
ably 1n the early twenttes bue tts onset goes unrecognized It ts to
this early group that we have alrewdy given 1ttention

So stdous s the onset of this disese and so asymptomatic my
be 1ts course for long periods that its true and evil pature 15 not
soon or suffictently recognized Perhaps this rccounts for the para

66
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\be yamping out of my skin” Some note that they must constantly
te moving unable t relax unable to a3 ord conmosersy They feel
caught 1n endless rounds of unsausfying acuvity Agan this 15 a0t
2 charaensnic patcern of hypestension though st seems more com
mon 1 hypertensives than 10 other people Hyperensnes are
thought of as hugh strung emoonal aggressive persons Bur there
are many exceptons. Often the panent 15 50 well sntegrated that 1t
takes some time to find niot only the cause of the tension which 18
saccesstully concealed beneath 3 thick protecine cosung but even
that tension exists'

Sull there 15 a residue of pasents whom life seerms to have
weated kindly they seem to face 1t wuchoue resenuments euphon

cally fesfing w1tk Pangloss chae this 1 the best of all possible worlds
No other neuronc are d ible but hyp

1 present just the same

Thus the onset of hypetension 15 usually insidious 2and the
panent 15 usually unable 1o determine the tme of 1ts inception
Ether 1t 15 discovered by accident, ot the onset of vascular failure 15
announced by the eyes heare or kidneys The disease 15 well ad
vaaced by this tume

Aslos of carduac adaptation bepins dyspues appests on exer
ton, The patient may be uncomfortable when sleeptng flat 1n bed ot
anable to eat a full meal withour shormess af breath Vague sea
satzans of apptession mn the chest are nat apusual Precordial pamn
occurs, ranging from muld, almost unnoticed discomfort 1o the
severe pangs of angina pectons Fortunately the lateer type 15 not
common Ed ma of the ankles also indicates beginning cardiac 1
sufficency Often the panent notces that the heart 15 heaving and
turbulent, buz in many hypertensives 1t 15 quiet and the rate not 1n

crta::d Tachycardia 15 mote common 1 eatly hypenenuives wak

psychoneutone b ckgrounds and usually th ‘
y these are the

complam of palpianion e v
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vascular elasuca and the need for one which can withstand hyper
tension often comncide and together jeopardize the pauents life
Systolic hypertension m elderly relatives, usually merely the hemo
dynamse result of sentle fibrosis (attestosclerotc hypertension p
39), does not 1mply the easly demuse of a younger relve who
has essental hypertension Manufestly also, a relauve who has
reached the age of 70 and has withstood essentil hy pertension must
have an artersal tree that 1s more than ordmanly good

Headache (see p 242) s probably the most common symp
tom Often 1t occurs m the morning wanes with the breakfast coffee
and finally disappears before midmorning or noon Thete seems o
be no characteristic locatson, but frequently 1t 1s sm the occipttal
regton Severity varies from a feeling of stiffness and tightness in the
neck to an exctucitting theobbmg pan

Some believe that most headaches among hypertensives are
assoctated more with an underlying psychoneurosts than with the
hypertension Somew hat supporting this view 15 the observation that
the height of the blood pressure and the severity of headaches do not
patalle]l each other There s often a history of migramne

Some patients complain of a feeling of constriction i the scalp
especrally over the vertex It 15 a sensation seldom expersenced by
patents with notmal blood pressure

Perhaps the next most common complaint 1s that of easy fatig
ability Especially toward midafternoon the patient feels completely
done n  even after an uneventful morning Other hypertensives
show faugue only after prolonged strain and appear able to catry on
long after normal persons are tired Though fatigue 1s common 1t 1
by no means a symptom charactersstic of hy pestension

Some patients are able to date the onset of hypertension with
reasonable accuricy by changes they note 1n emononal tension
From easygoing persons they may become srregulacly rertable 10
tolerant and considerate The complamnt 1s often expressed 1 feel
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THE MALIGNANT SYNDROME OR MALIGNANT
HYPLRTENSION

Physican have long recognized shat the clincal course of
arenal hypertensian 18 exceptiopally vanable The ines of some
panents ate only moderately shortened others succurmb within
peciods measucable o months In 1914 Vothard and Fahe empha
sized these differences by the chucal terms bemgn and mahg
mant tn their concept of nephtosclerons and pomted out hat e
bemgn form of hypertension may at any tme tirn makignant They
and others beheved thar pauents wath rapidly fatal cousse had
faulty kidneys hence the terms makignant nephrosclerosis  and

genuime contracred kidney  nsufficient regard was paud the blood
vessels 1n the rest of the body unnl Fishberg and others ponted out
the ertor Even now the fact that the emphasis 15 probably not ade
quately distnbuted 15 teficcted by cantinued use of the term  neph

rosclerosts (p 286)

In 1928 fenh Wagener and hernohan presented a classic
dese rption of 81 panents with artenal hyperrension charactetisuc
teynopathy adequate renal tunction and rapdly fam) outcome
They desigrard ¢hus the syndrome of malignant hypertension
Subsequently thetr observauons were amply confirmed

The mechamistn of the malignant syndeome 15 nat clear In dogs
Goldblare and heyes have been able 10 produce a clinical pretuse
resembling that sn human bengs by constnicting the renal arteres
sevetely The pittute 1s characterized by hypertension  terminal
tenal msufficiency and perechiae and large hemorchages i many 10
© tnal organs especually the alunentary srace Th te 1 dissecuny
hemorsha, e cheaugh ot ruptute of the walls of severely hyalinizec
ot qecroc arserioles of Toprare of capitlanes A& characrerssue reun
opathy 1 also noted Elevation of blood pressure and fenal insuff

Cienty sith by poxra were considered txo of the necessary condinon
for development of the necrone anenoles a0d hemarchages
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With Taylor, we have become tmpressed by the fact that noc
tursa may precede dyspnea and edema as a sign of mminent con
gestve fatlure This noctursa, lthe that of farune edema s due to
storage of water during the day and 1ts discharge by might It 1s
disunguished from nocturra of rennl origin by the concentration
test (p 271) which demonstrates a normal or only slightly ym
patred maximal urinary specific gravsty

Disturbance of the kidneys 1n 1 form recognizable by the patient
does not occur early Later hyposthenuric nocruria may appeat
Despite the fact that the kidneys may causally participate m the
disease, they give little mndication of culpability (pp 247 )

We have spoken of some of the manifestations indicaung m
volvement of the nervous system especrally headache and srrinabil
1ty But there are others and more serrous Vertigo tinnitus ssom
ma faugue wethness ind other fess well defined complunts scem
to have their origin 1n the disordered acuvity of the nervous system
One of the most dramatic and frightening episodes 1n the life of a
hy pertensive may be the appearance of hypertcnsive encephalopathy
(p 236) Usually thrombosts and hemorrhage occur only late im
the disexse Chinical evidence strongly suggests that small thrombt
form 1n various portions of the brun long before dimage to 10y
large are1 appears and these focal areas of softening may 1ccount
for some of the odd assortment of signs and symptoms such as
ungling 1n the fingers and hands parcsthesias and numbness Tran
sutory and usually incomplete palsies probably 1re to be explamned
on this bisis These are not Lighely to be disaussed They n issocr
tion with nuchal heidiches may be prodromes of apoplexy

Disturbances of vision are fare until quite late m the course of
the diserse If they occur the physicran should immedintely suspect
the presence of the malignant syndrome for here retml detertort
uon proceeds 1t a rapid pace Occastonally dunng essentnl hyper
tenston thrombosis of one rettnal artcry occurs which my cause
disturbed vision 1n the arer nounshed by the vessel
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oned and therr Jumens reduced, especially by medial hapestrophy
Hyalinzation and necrosss usnally occur only s end stages Changes
are found even 1n vessels 1n sheletal muscle Hypetplasuc sclerosss
with thickening of the media and narrosing of the lumen 15 ob-
served.

The necrotizing srtenolar lesions may represent an accelerauon
of the same process observed m already accelerated senescence
which consatutes the artesolar sclerosts of essential hypertension
Or has some qualitanse change occursed quue tndependent of the
fundamental factors caustng essential hypertension?

Do these patienss have a disease quite distmer from essential
hypertension? The answer 15 probably that they do not rather that
1t 15 a syndrome that may complicate the course of a number of
dsseases chatactenzed by hypertension Thus cermun of s clinical
manifestatons may be observed 1n patenss with pyelonephnus

1 1 o

o P ytoma, poly and 3o on
Most patients exhibiuing the malignant syndome have had a
prolonged pertod of essential hypertension In these 1t comes as a
rapd deteraration shuch strdes the pavent down wath dramatic
suddensess But there 15 also a documented group of cases 1 which
no fi penod of hyp foreshad the evenss 10
come In these signs of the malipnant syndrome are present from
the first, and the course occasionally 15 run 1 weeks or months
Thus malignant bypertension 15 seen as an intensification of the
wasular disease of hypertension the cause of whuch 18 fac haown,
Chintcal prcture —The malignant syndrome usually ocaurs 1n
early or muddle Ife seldom i old age It 18 believed o be more
‘ommon 10 men than mn women and this has been onr expertence
Opuon differs as ta the frequency with which hypertension has
occutred i the famibies of these patients Our patents 10 whom the
syndtore appeared without 2 prelimnary epsode of esscatal by
pertension hase not shawn an abnormal iradence of familal cardio-
sascutar disease A ugher sncidence s 1o be expected 1n those who
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It 1s not yet firmly established that renal wmsufficiency 1s necessaty
for the smtratson of this syndrome 10 dogs hence 1t may well beara
closer resemblance to the one 1n human beings than might appest
on the surface Eatly in the course, renal excretory function may be
normal, though this scldom lasts long Bue the fact that 1t 15 some
times normal raises doubts as to the participation of renal excretory
functions 1n the genesis of the syndrome

Byrom and Wilson made interesting expertments 1n rats which
suggest the mmportance of artersal pressure If the renal artery of
one kidney 15 constricted and hypertension results arteriolar necrosss
may develop in 1ts formerly normal partner They believe that these
vascular and parenchymal lesions duplicate those in human bemgs,
bur pathologists have not been wholly convinced Selyes expen
meats on  the endocrine Aidney  simularly demonserace the smpor
tance of high artern] tenston 1n the genests of artersal and asteniolar
disease Byrom and Dodson produced acute artetial nectosts in rats
by sudden severe increases of arterial tension alonc

Fishberg has stressed the importance of elevation of the duastolic
pressure as a genetic factor 1 the malignane syndrome It 15 usually
greater thin 130 mm Hg However, occasiont] patents with the
fully developed syndrome have dustolic pressure consistently well
below ths figure While sustained elevation of diastolsc pressure 18
doubtless important 1n causing its development 1t does not seem t0
be the only frctor

Cleatly the cause or the mechtnism of this dingerous phase of
hypertension 1s not sutely known

The changes observed 1t autopsy have been the subject of much
study Of parucular interest to us are the vascular changes These
vary somewhat 10 different orgins but in general they consist of
severe artersolosclerosts and m additon necrosts with fibrinod de
generation especially of the renal artersoles and endarterins (cellu
lar inumal thickening) of small rentl arteries Arteriolr necrosis
mny be fimuted to the hidnegs The cercbral arterioles become thick
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precordium occurs frequently Nocrura and:dcm:\ of the ankles
appear An elec 4 usually shons or
of the T waves in Jeads 1 and 11 along with the wsual left atis
deviation and evidences of myocardial stran

hadney funcuon 23 measured by veea clearance or abifiy to
concenttate utine 1 usually nosmal or shightly seduced early an the
cautse of 1 at fisst unchanged from that measnred duning the phase
of essential hypertension But good funcuion wilk not long be mun
taited preapiate falls being the rule Burses of gross hematuei are
common and protein excrenon ncreases 05-5 Gm per 24 hours

This stage may be puncruated by episodes s which transient
(1¢ from 10 minutes to a day of two) paralysis or aphasia appears
Often brzarte albewt usnally muigmbicant psycholope changes oc
cur These ate aobuted o munute thrombs . the vessels of the
brain which cause areas of focal necrosis

As the terminal phase approaches cardiac tarlure becomes sn
tensihied. Cardiac enlacgement often occurs at a remarhable ratc and
may be atnbuted more to dil than 12y hyy phy As are
sult, procodiastolic gallop sounds are frequent. Renal fatlure also
seems 0 accelerate ofiguria or anuria may alernate with polyura
Renal clearance and blood floss fall to law levels and waste products
at¢ semned m the blood Sight may be severely reduced or lost.
Nauses vominng, and loss of appette occur fotlowed by alatmiag
Ioss of weight Canvuisions may be anticipated 1n many pagents

Aftemia deselops rapudly and the plasma proteins may be ter
minally reduced Blood urea nitrogen 15 hugh and urea clearance

greatly depressed lncreasingly sevese protmura mMacfoscopic hem
i and cyhindruria ate wsually present

The patient becomes drowsy and may die in uremia Others die
of cardvac. fadlure and 2 few of cerebral hemorrhage So tapid may
be the duteroranon that sometsmes no decssion gan be made as 1o
which one of these delrvers the faral blow
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expertence a hypertensive prelude We have the impression that
most patients with primary malignant hypertension show lutle or
none of the psychologic pattern common 1n essential hypertenston

It has not been possible to predict the onset of the malignant
syndrome 1n pattents with established hypertension Sevete head
ache, some shortness of breath faugue weakness loss of weight
nocturia, edema of the ankles and above all blurred vision appear
carly and should call the physician's atcention to the possibility of
1ts onset

Funduscopic eximunation at this stage usually shows early
papilledema fresh hemorrhages arteriolar constriction and exudate
likely to be more marked 1n the left than m the right eye Most
observers do not believe the malignant syndrome should be diag
nosed 1n the absence of papilledema this has been our expertence
as well Exceptions occur Sull, the chinical dignosts of malignant
hypertension mn the absence of papilledema 1s difficult and treachet
ous

It 15 usually though that the papilledema 15 due to increased
intracransal ptessure Indeed Fishberg has observed that cerebro
spinal fluid pressure usually increases before papilledema 1ppears
Measurement has shown that in general papilledemt and mcreased
pressure although often assoctated do not parallel one another
Papilledema occurs without incrensed intracranial pressure in some
patients and cerebrosptnal flud pressure 1s sometimes increased
without the appearance of papilledema hence the increased pressure
probably 1s not the sole cause

Examination of the heart m1y show moderate enlargement but
nothing pathognomentc of the syndrome Tachycardin 1s common
since 1t tends to mamtain cardrac output without the need for hyper
trophy left axis deviation may not develop As the morbid state
progresses signs of cardiac strain appeir A gallop rhythm may
come and go Dyspnea 1s complaned of and pan referred to the
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presumbly a3 the resule of anenclst consuricuon and afferent
atterolat scletoss In soroe pavents the afferent artenolar sclerosis
and constncuion are 50 sevete that despite the greatly ncreased
artersa) pressure and constricton of the glomerular efferent avten
oles mtraglomernlar hydrosanc pressute seems not 10 be mereased
sbore the notmal or 15 even low Such pouents hie the glomer
Jonept deselop hypop

The histoty given by the patient 15 of prime imporsance in mak
ing the differentiaon The story of Bright s disease 15 usnally qmte
el espesnlly whes the paent has been stadied duning w5
cousse

Thus the correct diagnosss can usually be made from the an
amnesis and thorough examination of the heart and hidneys

S0 CALLED MFNOPAUSAL HYPERTENSION

‘The age period of onset of the menopause 15 also the one in
which essental hypertension 15 most Jhely to occur Lidle wonder
then that chinicians have saputed a specific causame tole to the
menopause and that the teem  wenopausal hypettension has b
come common coin 10 medical binguistics

To ascertan whether the menopause does 1 fact cause o pre
dispose 10 hypertension 200 women of different ages were studied,
most of whom had undergone hysterectomy and ovattectomy By
pertension was no more common in those surgically caserated than

0 aormal women of the same age Menopausal symptoms could be
related 1o hifelong 1

and bility Thus loss
of ovanan secrenons does not of wself canse of preduspose ta essen

tal hyp ‘The hyp of the P 15 only es
sential hypertension probably accentuated by the emotanal tormond
of the period. There 1s no menopausal hypestension

Treatment wth the effective estrogens such as sulbestrol at
tunes supplemented with thyroid aids i est0nng emouonal eqm
Tbrwm 1n snch pavents and hence ofeen reduces arteraal pressure
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DITFERENTIATION OF MALIGNANT S1 NDROME WITH RENAL
TAILURE AND TERMINAL GLOMERULONLPHRITIS

It 1s of some practical as well as theoretical 1mportance to find
menns of differentiating the malignant hypertensive syndrome with
renal failute, as 1t appears with or without the substrate of essential
hypertension and terminal glomerulonephritis The practical reason
for making the differentiation 15 that patients with terminal glo
merulonephrius tend to live much Jonger than those with the ma
lignant hypertensive syndrome

Termnal glomerulonephrius 1s charactenized by very low rates
of glomerular filtration (uret clearance less than 10 per cent of
normal) and tubular secretory capactty and usually a higher rate of
protemnuria often exceeding 5 Gm per day Despite the low level
of renal excretory function such patients survive four times as Jong
as do those with the malignant syndrome 1n renal failure The
changes 1n renal function are 1n accord with the structural changes
found 1n the kidneys The lestons are glomerular and capillary asso
ciated with great parenchymal destruction and fibrous replacement

Clinical signs of hease fatlure tend to occur much less frequently
and later 1n terminal Brights disease Cardiac enlargement 1s also
slower 1n appearing and the cardinc shadow 1s more often of the
globular variety suggesting dilatation tn contrast with the left ven
tricular enlargement of the malignant syndrome Left axis deviation
and T wave and §—T segment changes occur three times more com
monly n the malignant syndrome than 1n terminal glomerulone
phrius Thus malignant hypertension 1s characterized by the pres
ence of significant myocardial damage It 1s probably because this
damage 15 not as severe 1n nephritis that nephritic patients tolerate
a much greater degree of renal excretory loss

In the malignant syndrome with renal fulure intraglomerulae
hydrostatic pressute 15 usually elevated and the flow of blood
chrough the residuc of intact tubular ussuc 15 dimnished the Jatter



6 Physxcal Exwmmatmn

PATtENsS WITH early essential hypertension shos lintfe that 15 ab
normal on physical examination except a varable tncrease of agtenial
pressare The most ssgnificant findings may be those which indicate
that the elevated blood pressuse 15 due to some disease more easily
temediable than essenmal hypertension or at least one whose natre
15 more cleatly understood For this reason the examuner must bear
12 mind some of the w1de variery of causes of hypertension Though
some are uncommon and many are rate the search for them should
be untemung

The lack of physical signs and symptoms 1n early hypertension
can prevent many pauents from seeking medical advice or once
having recetved 1t from abiding by 1t. We have pownted out that the
first evtdences of sliness 1n many panents scem to be psychologic
distarbances Duning physical exammnauon one 15 often struch by
the bodily expressions of tension The brow 15 knit reactions ate
byp apd nsability of the pesves 15 evidenced by
sseaung blushing palpitavions and cold exremimes The physical

tension has s parallel in the mental sphere wsually dus 1 atl too
apparent

Bt are chete any physical changes 1n the early stages by which
the diagnosis can be made? Except for shight constriction of the ar
terioles in the eyegrounds and at tumes increased force of the hearc
bear there are none The diagnons of rery early bypertension by
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6 Plxysxcal Examnation

PATtENTs WITH carly essential hypertension show little that 15 ab-
normal on physical exarmation except  vatiable increase of arteial
pressure The most significant findings may be those which indicate
that the elevated blood pressuze 1s due to some disease more easily
temeduable than essennal hypertension o at least one whose natute
15 mote clearly understood For thus reason the examiner must bear
10 mind some of the wide variety of causes of hypertenston Though
some ate uncommon and many afe sare the seasch for them should
be unremutting

The lack of physical signs and symptoms 0 early hypertension
@n prevent mony patents from seeking medical advice or once
having recerved it from abiding by 1t We have pornted out that the
first evidences of sllness 1n many pavients seem to be psychologic
distucbances Dariag physical exammination one 15 often struch by
the boddy expressions of tension The brow 1s knit reacuons are
hyperactve 2pd instability of the vasomotor nerves 1s evidenced by
sneaung blushing palpianions and cold exwsenmties The physical
tension has 1ts parallel i the mental sphere usually this 15 all too
appasent

But are there any physical changes 10 the eatly stages by which
the dragnoss can be made? Except for shight constriction of the ar
tenioles m the eyegrounds and ar umes increased force of the heart
beat, there ate none The duagnnus of very early bypestension by
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physical exammation rests on the finding of fluctnating elesated
drastoltc arsertal pressure which persists when all the possible var
ables of the measnrement are excluded and when a truly searching
study reveals no other cause for the condition

The rate at which the heart, arteries and arterioles lose their
ability t0 adapt to the presence of hypertension varies widely Once
the process 1s well established, the degree and rate of vascular de
terioration may be esumated from changes 1n two artenolar beds—
those of the eyegrounds, which are seen directly, and those of the
kidney, mndirectly visualized by tests of renal functon and from the
changes 1n cardiac funcuon The phase of beginning loss of vasculat
adaptition 15 graded 2 in the schema of Keith and Wagener (p
27) since 1t 1s marked by beginning rennal artenolosclerosis and
some increase of vasoconstriction This phase may persist almost
unchanged for yeats Occastonally 1t 15 short fived passing rapidly
100 @ mote severe state

With deterioration come evidences of structural injuty, particu
latly 1n the heart, bran and hidneys the beginnings and course of
which and the means of eliciting their presence we discuss elsew here
The disease mny progress slowly to cardiac renal and cerebral ar
culatory fallure may assume the aspect of malignant hypertenston
or in rare ¢cases may regress to a pattern like that of early hyperten
ston leaving a residue of sclerotic artertoles

Ophthalmoscopic examination remais by far the most useful
method for detecting the rate of advance 1nd the seventy of vascular
detertoration Most extrarenal vascular 1reas have lutle significance
because no clintcal methods are avaiable by which to esumate the
state of the vessels unul they have become sersously diseased Par
ticularly to be regretted 1s the lack of precise clinical means of de
termumng the condition of the cerebral vessels Procedures for exam
ination of the renal and cardiac vascular areas ate given i the

appropriate chapters
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EYEGROUND EXAMINATION

No part of the physical examunation equals that of the eye
ounds 1n assessing, the stage and lates, determining the progress
 the disease Indeed once hypertension has been duagnosed the
halmoscope becomes mare useful than the sphygmomanometer

The eyeground examnation 15 worth 2 much more detiled
sscussion than can be given here Practice tather than reading leads
o facthity 1n ths and 1n the interp of 1ts results
lo convenient opporrunity to make and repeat the examnation
hould be neglected Adetuate dilation of the pupils with paredtine
ydrobromsde® (1 per cent soluton) euphthalmine® (5 pet cent)
or homatropine (1 pet cent) 15 necessary for thorough study and

no other type of study 15 worth shule Eserme (0 1 per cent) may be
mstilled after the examination to speed the return of pupillary con
striction and accommeodation. Excess light should be excluded from
the room. Both patent and physician should be comforeably placed.
Observations of the fundus should be made 1 a systematc compass
pattern .0 that every portion 1s examined

Hyperensive disease 1 reflected 10 the eyegrounds pnimanly m
the artenofes and secondarily 1n the reuna The vascular changes
may be funcuonal and therefore reversibfe or structural and largely
ureversble The funcuonal changes consist 1n varying degrees of
atteriolar constriction The structural lesions are usually lumped to
gether as sclerosis or arterioscleross  These terms are imprecise
First the affected vessels are arterioles tather than artenes Second

the term sclerosis may signify any one or any combination of
theee distinct lesions

The most common of these lestons 1 the hypertensive 15 hyalin
tatian of the arteriolar wall—che same productive and degeneranve
hange that hypertension imposes on asterioles elsenhere as they
lose thexr Capacity 1o tesist its onslaught (p 110) The tno other
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forms of vascular change wterpreted as sclerosts are, respectrvely,
sentle decrescent fibrosis and atheromatosis They appear and de
velop quite independently of intimal hyalmization which alone 1
the charactersstic change in this disease It would probably be better
to displace the ambiguous term sclerosis by some such term as
artertolar hyalinizatton or even artersolosss  which would carry
most of the meantng of this specific abnormality

The walls of normal retinal vessels both arteriolar and venous,
ate probably mvistble It 1s the column of blood they contain which
can be seen Obviously narrowing of the blood column 1s the prn
ctpal indication of the presence of vasoconstriction But narrowing
of the column can occur dependently of vasoconstriction when the
vessels atrophy 1n the course of nonpathologic senile or atrophic
regression, when the Jumen 1s reduced by intimal hyalinizanon 1
hypertenstve disease or when the central retnal artery 1s occluded
Since narrowing 1s not of itself an indicatron of vasoconstriction
vessels which are very differently affected may superficially look very
much alike The observer must be at some patns to record and ex
tend his obsetvations before forming a definitive impression

But an interpretive impression must be forthcoming if the ex
amination 15 to be useful and the interpretanion 1s most helpful of 1t
both defines the character and evalnates the degree of change
This estunate may be made as by Keith and Wagener 1 a graded
summary of abnormalities commonly concutrent i hypertenston
(p 27) or as we would prefer by a separate evaluation of each
element of abnormality

GRADING OF RETINOPATHY

Constriction of Artersoles
Grade 1 Narrowing as indicated by slighe reduceion of the blood
column ratio 1n corresponding artersoles and veins below the normal

of arteriole 8 and vein 10
Grade 2 Increased reducuion of ratio to arteriole 6 vein 10 The
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angle of branching 15 more acute the artenofes scem seragheenes
be segmental vasospasm.

“ez‘:::?’; Raf\?)\ reduced (? atteriole 4 vein 10 “The arterioles ¢

tanger extend 1nto the peniphery of the rens.

Grade 4 Extreme narrowing of astenales attenioles less than 4 |
sem 10 The vessels seem to disappear after they leave the disk. Usual
assocsated with displacement of the sein ar the point of crossing
Ariersolar Hydlimszation

Grade 1 Increase 1n the width and brightness of the light strea
due to decreased ) y B displ

Grade 2 Exaggeration of grade 1 the wails of the smalier asteriol
assume a glassy quality and the anerioles in the absence of severe vas
constricuon, may be more than normalfy tortuous. Definite asten
venous displacement,

Grade 3 ‘The vessel walls appear sepatate from the blood colur
‘The small artenioles become opague and the Jarger yellowish. Areer
1enons compression $o great that the vein 15 engorged beyond the po
of crasstng. Increased arteriolar tormosity Beginning pertvascular why
ness 1 the renna close to lagger artenales.

Grade 4 The walls of the artenoles are silvery white The px
vascular reaction extends to smaller branches, The blood column

gready reduced 1n caliber and 15 trregular There 15 1ntense anerio en
compression.

Hemorshages and Cxudates ( grade each separately)
The sum of the changes present 10 the tw.o eyes 15 used an pradh
Grade 1 One to three aseas.
Grade 2 Three 10 s1x
Grade 5 Six o 10
Grade 4 More than 10
Papilledema
See pp 86 €

Since the observers experience 1s the ulumate cnterion 1a
examinaton there 13 an unasordable subsecuve factor Howe
by grading from 1 10 4 plus i each category of distinguishz
change wsing always the ssme enzerta of intetpretation the obses
should not find the evaluation difficule
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forms of vascular change interpreted as sclerosis are respectrvely,
senile decrescent fibrosis and atheromatosts They ppeat and de-
velop quite independently of inumal hyalinization which alone 15
the charactensstic change 1n this disease It would probably be better
to displace the ambiguous term  sclerosis by some such term as
artertolar hyalinizrtion  or even  arceriolosss, which would ctery

most of the meaning of this spectfic abnormaligy

The walls of normal retinal vessels both arteriolar and venous
are probably invisible It 1s the column of blood they contun which
can be seen Obviously, narrowing of the blood column s the prin
cipal mdicrtion of the preseace of vasoconsericuon But nroniag
of the column can occur mdependently of vasoconsteiction when the
vessels atrophy in the course of nonpachologic sentle or atrophic
regression, when the lumen s reduced by inumal hyalmizaon m
hypertensive disetse or when the central reanal areery s occluded
Since narrowang 1s not of itself an indicaion of vasoconstriction
vessels which are very differently affected mny superficiilly looh very
much alike The observer must be 1t some puns to record nd ev
tend his observations before forming 1 definitive impression

But an intespretive impression muse be focchcormng if the ex
amnation 1s to be useful and the interpretttion 1s most helpful of 1t
both defines the character and evaluates the degree of change
This esumnte may be made 1s by Kenth and Wagener m 1 graded
summarcy of abanormaliues commonly concurrent 1 hypertension
(p 27) or s we would prefer by 1 sepiate evaluttion of exch
element of 1bnormnlity

GRADINC Or RETINOPATHY

Constrsctson of Artersoles
Grade 1 Nasrowing as wndicated by shighe reduction of the blood
column ratio 1 cotresponding artenoles and veins below the ormal

of artertole 8 and vein 10
Grade 2 Increased reduction of ratio to arteriole 6 vein 10 The



PHYSICAL EXAMINATION 85

osng for a common advenuma here surrounds both vessels
riedenwald) Artenovenous mchung 15 at first due to the vemns
wing been displaced from ws course Such displacement s com
on when the arteriole 15 thichened by hyaline Bue 1t also occurs
hen the semn 15 pulled from s coutse by arteriolar retracion
bether due to tatense vasoconstricton of to atrophic regression
iching although a common 10d of inumal hyal

i not a speaific siga.

Most observers agree that reunal arcenolar byalnzanon bie
wessolar hyalinzation elseshere follows rather than precedes the
anset of hypereension aldough some panents show r early and
others go on for years without much evidence of 1t Repeated exam
natons demonsttate the rare of change The record of this tate prog
nosucally 18 comparable to a recod of the changes in heart size

Thus type of change charactensuc of estzblished and advanaing
hypertensan o to be sharply disunguished from atheromatosis and
from senile regression Acheromatosis (p 110) may occar at any
age although more common 1 elderly panents 3t 15 dargely nde
pendent of hypertension and often associated with disberes melhitus
Its chuef interest hete lies 1n the porsibibity that central retnal
atheromas may biock the vessel suggestng sevete retinal artersolas
consricuon whule atheromas 1n the artenoles may be taken as evs
dence for Jocal arens of hyalinzanon Sende decrescent fbross
{p 108) which affects all the vascular tree tn the very aged 15
mentoned for the same reason

The fundai changes resulung from advanced hypertension ace
hemorrhages exudates and edema

Hemorchage wswally appears early m the course of retnopathy
and Xer‘snsts theoughour although sn a few patents exudates and

P pred The h hages of hyy 5 usy

ally o be distnguished from those due 1o Jocal artertolat of venous
diseases su.ch as occur n disbetes mellitus and those shich form 1n
hemorrhagic dratheses such as lekemsa The hemortha

e 1n hyper
tension spreads from close 10 the artecsole between the gbets ozpt;e
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The aim 15 to tecord separately the respective degtees of artert
olar constriction and inumal hyalinizanon (so-called sclerosis), of
papilledema, retnal hemorrhage and exudates The major difficulty
as we have seen, lies in the disunction of the type and degree of
arteriolar change

The normal fundal arteroles are smaller tn caliber than the
accompanying veins and there 1s no compression of the vein by
the artertole at the point of crossing The normal artertolar branch
g 1s wide the curves of the vessel s course are brord and the out
line of the column of blood may be followed well out mto the
periphery of the fundus Fundal arteriolar vasoconstriction 1s to be
expected 1n established hypertenston When 1t appears 1t may 10
volve all the vessel wall or may be segmental, changing n locus
from hour to hour Segmental vasospasm, although not infrequent
1n essental hypertension 1s more charactenstic of the acute hyper
tension of glomerulonephrits or toxemia of pregnancy Generalized
vasoconstriction shortens the arterioles They become strughtened
their angle of branching becomes more 1cute and they can no longer
be traced out mro the fundil periphery They thus give the impres
ston of having been pulled 1n as by retraction of the reunal artery
nto the optic nerve

Rennal arteriolar constricuon 1n hypertension 1s probably more
of humoral than of nervous onigin But the activity of the vasomotor
nerves 1s shown 1 the increased caliber of the vessels which has
been repeatedly observed after successful lumbodorsal sympathec
tomy Ths 1s probably a reflex vasodilation since the area involved
15 far from that which was denervated

As vascular adaptation to stress begins to fail the mtima of the
reunal artetioles 15 replaced and thickened by hyaline The vessel
wall then becomes 1 a degree vistble that 1s 1t ceases to be trans
lucent and becomes a reflecting sutface As the process advances
the arterioles become srregularly tortuous and ultmately the vessel

walls can be seen There 1s no advenuta to separate the media of

o A femrm tha crhandarheliim of the vern at the noimnt of
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cossing for @ common adventua here surrounds both vessels
{Fnedenwald) Arenovenous rachang 15 at fisst due 1© the veins
having been duplaced from sts cousse Such displacement 35 com
mon when the avtenole 15 thickened by hyslime But xt also occurs
when the vemn 15 pulled from 1ts course by artenolar setracuon
whether due o ntense sasoconstCtion ot to atrophic tegression
Niching aldhough 2 common 1nd of inumal hyal
1 not a spearfic sign

Mose observets agree that reunal artenolar hyahnizasion hhe
antenolar hyahinzauon elsewhere follows rathee than precedes the
onset of hyperension although some patients show 1t eatly and
others go on for years without much evidence of 1. Repeated exam
inatons demonstrate the rate of change The recard of thus rate prog
nosucally 1s compatable to a tecord of the changes 1n heart size

This type of change charactenisuc of established and advancing
bypertension 1 10 be sharply dsungoshed from atheromatosss and
from senile segression. Atheromatosss {p 110) may occur at any
age althouph more common 1n elderly patenss It 1s Jargely mnde
pendent of hypertension and often associated with diabetes mellitus
Trs chief interest here lies i the possibduy thae central sennal
atheromas may block the vessel suggesting severe rennal arterolar
tonsiriction: while atheromas in the attertoles may be taken as eve
dence for local areas of hyabnuanon Sende decrescent fibrosis

{p 108) whuch affects all the vascular tree i1 the very aged 18
menuoned for the same reason

The fundal changes resufung from advanced hypertension are
hemorrhages exudates and edema
Hemorrhage usually appears early in the coursc of fetinopathy
and pertists throughour, altthough m a few pacents exudates and
{led 4 The h 1

3 ges of hyp s usu
ally can be disunguished from those due w0 local zesenolat ot venons
diseases such as ocene 1 duberes mellius and those whuch farm

hemorthagic dratheses such as teukemn The hemorthage 1n hyper
tension spreads from close 10 the artersote berween the fibers of the
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nerve fiber layer of the retina These fibers run parallel to the surface
of the fundus The hemorthages are therefore flame shaped and lie
close to and parallel to the arterioles In contras, the spots of bleed
g 1 disordets of the blood or 1a drabetes are punceate or petechial
and often round and appear 1n the deeper layers of the retna often
from the efferent vemns of the deep capillary plesus Occastonally
hemorthage occurs from local arteriolar or venous occlusion More
commonly it 15 the result of reunal venous thrombosts It 1s accom
pansed by reunal edema and exudates in the 1ffected quadrant but
1s independent of hypertension

The reason exudates form as hard white spots or as <cotion
wool 1snotclear Some think them the result of local edema which
after reabsorption of the flurd leaves 1 lipid ressdue Others suggest
that the lipid 15 deposited by aggregated macrophages which enter
the edematous area Stll others believe that spastic or structural
arterolar ocelusion produces foct of retinal necrosis gving fise to
grayish spots Exudates Iike hemorrhages are graded by the sum
of their number 1n the two eyes

The grading of paplledema 1s not always easy The edges of the
normal nerve head are sharply defined the lateral more clearly than
the nasal The phystologic cup 15 usually readily seen The color of
the disk varies widely even i health Extreme pallor suggests the
presence of optic atrophy Marhed redness may sigmify the con
gestive hyperemua which precedes papilledema ‘The first stage of
paptlledema (1 plus) consists 1n hyperemra loss of phystologi cup
ping and obliteration of the lateral dish margmn The second stage
(2 plus) 1s an extension of this phase with definite elevation of the
nerve head by 1~2 D in the thurd stage (3 plus) the reuna s also
edematous and elevation of the dish has advanced 0 »or 4 D In
the fourth stige (4 plus) the edges of the nerve head cannot be
distinguished from the retna and there are more than 4 D of
swelling

Fdema of the retina 1s usually a late sign 1n hypertension Lacly
1t 15 observed as a grayish hazmness especially around the papill



F16 1 —Ejecround changes A normal eyeground B early essential hypes
tcosion exinb 1ug grade 1 comstncy on and wicrosis € More advanced essen
tal hypervens on showing grade 2 scierosis and constricuon The A ¥ crossing
phenomenon 15 shown D malignant hypertension showing severe hemotshage
and exudare formavon n macular cegion (See also wlustrations on pages
329 and 343
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Localized arcas of effusion may Jead to detachment The latter 15
partrculacly common 1 toxemuas of pregnancy, when all the cranial
tissues are severely edematous

Fully developed retinopathy was formerly termed  albummurtc
retuntus  because of 1ts frequent assocration with renal disease How
ever, the diversity of 1ts ongin (toxemsa of pregnancy, mahgnant
hypertension terminal glomerulonephrius) shows that this mnclusive
term has outlived 1ts usefulness

The significance of the qualitative and quanutanve changes
the eyegrounds lies 1n the fact that here alone 1s a vascular area with
the principal victims of hypertension the arterioles exposed to
view Eatly in the course of the dise1se constriction 15 the only find
ing Later with loss of adaptation artertolar hyalintzation gawns and
progresses The onset of the malignant syndrome 1s usually heralded
by the appetrance of papilledema, sooner or later followed by hem
orrhages and exudates

The appearance of small, discrete scanty retinal hemorrhages
i the absence of papslledema or of other charactenstics of the
malignant syndrome 1s one of the elements establishing the prog
nosis of cerebral hemorshage

The illustranions from fundus photographs (Fig 1) dem
onstrate several aspects of the retinal pattern 1 hypertensive discase
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7 Psyclqotlxcmpy and Related
Problems

P

MEDICINE OF THE nineteenth century apphied 1 pracuce the Cat
tesian theory of sepatotion of mind and body Alexander quoted
Zseig whowrote  Disease meant naw no fonger what happens to
the whole man but what happens to s organs  the natural and
ongnal mussion of the physician the approach to disease as 3 whole
changed mto the smaller task of localizing the mlment and sdenn
fying st and ascribing 1t 10 an already speafied group of diseates
This type of medical thunhing has fiuenced many present-day
teachets and pracutoners of mediane It underlies much of the
uncritical sull gven q 1t impels
the physician to examune and treat unne not the dibenc and blood
pressure not the hypertensne But the reacknowledgment of the
unity of man and of the change 1n the whole man impliat i disease
15 well under way Alan Gregg, among others hails this trend 1n
many fields as a foreshadowng of things to come
Essential byperteaston as much as or more than any other dis
ease bears closely on thus problem. In any well established case 1
2 disease of full serried organic expression 1n many cases 1t seems 1
be psychogenic 10 every case 1t has its tepercussions 1a the life an
thinking of the patient. ‘To the degree that they can be considerer

#part mental disrurbances can be related to hypettension as cause
tesuly ot comphicanon
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PSYCHOGENESIS

Mental disturbance might give rse to such a disease 1s hyperten
ston (1) by acting as primary efficient cause or (2) by acung asa
tngger a co-ordinate cause which converts pre exisung 0rganic
potentraltty 1nto actual diserse In the first instance, the mental upsee
must be taken as sufficient explination for the presence of the dis
case either by staustical examunation of groups or by demonstration
of a speaific mental pattern i ndividual human beings suffering
from hypertenston

The effect of emononal upsets on arternl pressure has 1 the
few years it has been recognized passed into the famiianty of lay
slang Readers of Sunday supplements are earnest if innccurate st
dents of sphygmomanometric lie detectors and 1 the teagicomic

funnies observe the antics of the terrible tempered Mr Bang and
speculate about his blood pressute If lay knowledge 1s sometimes
exasperating 1t 1s not because we wish 1t to be less but racher becuse
1t 1s composed of muddied trickles from 2 Pierian spring Thus
when he speaks of hypertenston the layman applies the stmile of
boiler and steam engine—mind and body Mechanically the analogy
1s texact for 1t supposes thit outspoken rage 1nd exteriorized anx
1ety are necessary pathways to hugh blood pressure chronologtcally
1t 1s behind the umes this 1s the electric age A better analogy s
that of a dynamo whose current 1s directed exteriorly into motors
of conscious actton 1nd intertorly mnto condensers of nervous muscu
lar vascular and glandular tissue which buffer and smooth the ex
tertor dischirge When extertor force puts 1 brike on the motors or
when the dynamo runs so quickly thar they cnnot use the current
the condensers become overlonded The concentranion of tenston 1S
then reflected 1n 1 disorder of some sort this m1y take the form of
disordered visceral or vascular function In this 1nnlogy the mentl
origin of such 1 disease as hypertension mught be repressed over
acuve or unsatsfactorily directed emotonal tenston Granuny, the
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possibilury of psychogeness 1o hypertension the question 15 whether
o pot the stratn 1seff 15 spectfic o that it 15 an adequate explanauon
of the disease ot whether 1ts exp depends op a p
of one condenser the vascular tree

An cxample of the staustcal approach 15 Donnison s measure
ments of artersal pressure m 1600 male natves of the henya se
served lands He dinded the subjects snto groups of about 100 1n
cach decade from 15 to 80 of more yesrs estumated age The Ierels
of pressure were the s2me as those of Enropeans and Amenicans
ol zbout age 40 At dus age the standatds for white races show
an merease 1 pressure level possibly owing to nclusion of mdd
cases of hyperrension In contrast, both systolic and dussobic pres
sutes progressed somew hat downward o the heoya group Tran
sient elevanons of pressure were not uncommon among the natnves
n onfy two cases (O 2 per cent) was there queston of persistent ele
vaton of pressure Further Donmson found no cases of rassed ar
tersal pressure 1n 1 500 admissions 0 2 aatne hospreat

P

‘The contrast betneen these observations among the henya peo
pleand thove in white groups 15 strrking and 1t 13 increased when the
corparison g5 made wath American Negroes for among them hy per
tenston 15 common begins early 1 hfe and 15 often severe The
condruons of their hife are different from those of Rhenya Colony
The Amencan Nepros e pattern 1 seddom of his 6w n choosig
the foner fevels of the cultue of the people wath or for whom he
soths seck someumes 1o defend themselses by excluding him ot
find in fum someone to be berter than He may feel that starates are
ambiguous unequally apphed, and the basic faw of the land con
stadicted wn pracuce The henya Negro Ines ont 2 land and 1n 2
cultere undisputedly tus ann and his asprrations and possibilives
1n life are defined and accepted almost from the moment of bis birth
The greater frequency of hyperrension m the Jewish race might alsa
be adduced To these examples we may add the small decrease of
seenage srienal pressure 1 Ruropeans who five 1 tropical lands
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where most of the menil work 1s done by the subject races Thus
from the aspect of hypertenston, 1t seems more blessed to give
dignity than to suseun 1t These examples mught be accepted as
experiments 1 the mass psychogeness of hypertenston were they
not clouded by differences of diet racial admixture and mode of Iife

That emotional stress may worsen the staus of an established
hypertensive or pliy a part 1n converting prehypertension mto eatly
hypertension 1nd that release from strain may improve the patients
condition are well hnown The critscal physicrn recognizes the de
crease 1n blood pressure which occurs durmg the patients first visits
or when he mettculously assumes a touted regime even one as un
tmpressive 1s 1 ritual of the pink pul He 1s also familiar with the
rise of pressure associated with personal sexual domestc or socul
tension Physiciins who do not recognuze this relation unconscrously
encournge their patients to drft tway into the care of colleagues and
quacks whose powerful asset 1s only the confidence they create and
their ntuttive hnow ledge of human nature Such observations, how
ever thoroughly documented merely establish mental disturbnce
as an accomplice to the fact they do not indicate that it can be a
primary cause To establish 1t as a primary cause 1t must be shown
(1) that hypertenston can arse de noto from mental causes non
specific or spectfic or (2) that the disease 1s such can be abolished
by appropriate psychotherapy

The methods available for the definttion of a hypertenstve per
sonality are those of psychology which operate at conscious levels
those of psychoanalysis which attempt to delineate the unconscious
and the mmprecisions of empiric practice Since the first two claim
precision, the examuner must also use more than ordinary care 1 the
selection of his group excluding those 1 whom the disease scems
wholly somatogenic and secondary rather than essentnil  those
whose realization of invalidism had distractingly overlamn the pat
tern of onset with the stresses of personal fright and familial concern
should also be rejected He should also htve means of showing
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whether or nor 4 simlax panern occurs in people who do not have
seal or porental hypertension

The psychalogic method as apphied by Harmlton 10 o group of
young males some of them showing mild by pertension~—although
note was told the purpose of the study—w eakens the faymans mis

puon of the hyp p {sry whch 1 hyper

tension and hyperhunesis Rather subjects with hypertension were
found 10 walk and mave more slowly to be less domunant and self
aserive more sntrospective than the notmotensives of sumilar age
and Many of the hyp wtre prone to blushing
and 10 outburses of anger the latrer contrasung v ith thewr custom
anly subdued miten

The analyuc method 18 necessanly himuted to small groups so
that reports are made on the basis of seven cases ot only one These
patients must have been thoroughly convinced of { dis
arder or they woutd not have made themselves avatable for such a
stady so that the selection of cases 15 heawily weighted i favor of
psychuc domwance In brief the psychoanalyuc method indicates
that the lives of hypertensive panents ate vectors of two oppased
wends Tre one 18 5 wash for sobrmtsne passive chldlie depend
ence, the other 15 an ambitious aggressive desue for achievement
Psychic trauma prevents the mature expression of euher wish and
the clashk of the 0 10 teptession causes psychuc tension patafiel
tendencies of psychic and arteral tension can be demonstrated
These mungled opposite desires explan much of the dfficuley of
those %ho try to define the hypertensive pecsonaliey 10 te.ordimen
siona terms such as those a cartoonst w.ould convey with the stohe
of a pen Unf, ly for enologic defi a simulae imbalance
of desiwes underhes manv orher psychasomatic and psychologre
syndromes

A patrern of trend rather than cansalury
physicuun who has seen through 20 ,e-,zm ghebe drawa by che

the transformanon of
E3ger expressive compettuve tendencies into genteel tuceness which
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substded tnto mhibition lame expression 1nd bursts of flming re
sentment falling back 1 shamed composure 1ato a desire only to
Aeep the peice He my be able to trace the change from expression
to nhibition to some precipititing reverse Which threw the pruent
back onto his shallow emouonl and intellectual resources The
wife m1y s1y  He was never like this before, 1t was then he took
up drinking  for some of these, patients find a release 1 lcohol
and by 1ts ud expand to soberly unatrunable resistance to crticism
and etse of expresston in which they may seek to establish their
dommance by promiscuous sexual activity But from alcohol they
gun hangovers from promuscutty venereal disese, and from both
remorse As inhibstoty tendencies gun control they my lose the
bihity to make dectsions and therefore the capacity for responstble
work While the mind retrets the mouth becomes more active s0
that they may smohe wnd driok to excess 1nd et themselves into
corpulence They may termmate s did many in Dunbars sertes
n dependence on the public funds

Rennie from another 1pproach sums up the hypertenste pet
sonnlity 1s one of Iife long emotional bty and amviey and 1m
addition to the usul truts mentioned we would include perfection
1sm ambition and over attenuon to bodily symproms  The out
standing emotional pattern appeats to be one of resentment  He
noted that this pattern 1s delineble n pauents 1 whom emotiont!
factors seem to be apparent from the outset of the diserse

A somewhat morc precise definition of the nature of the pa
wents bastc mental quirks was obtuned by Binger 1nd lus colleigues
in their study of the personality of hyperrensives They found 1
tather unuform pattern of failure psychic and somuc but did not
pretend causally to relate one to the other An excellent study
(Gressel et al ) the more fisanating and convinang because 1t wis
controlled established on what seem adequate prounds that hyper
tenstves show generally significantly higher degrees of 1ssocration
with anxiety obsesstve compulsive behavior and subnormal 1sser
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tneness than do groups with definite psychonearons o defirute
chronic disease of organic ongn This work confirms and validates
a widespread chimcal impression

Sull we g0 not know the mechanism by which consaious anx
tety aften unassocrated wich other neurouc trais but accompanied
by suppressed, sometumes volcanically erupting, fage can co-operate
«ith other factors 1 causing the onset of the disease Acute rage
feads 1o efevanion of blood pressure by the neurchumoral ¢hannels
of sympatheuc release But chronic and roncealed Tage 15 not as
Sbvious & tause not 15 the orgame patters of the disease conmstent
with hyperadsenal Faluce to ber the diff Iy
ground for many Limping analogses

Thus 10 rage of anxiery there are usually pallor and tachycar

dia and while renal 1schemia may develop the evidence ss enurely
m favor of a wholly patt 8! pl of such
physical changes Among them only mncreased anenat tension and
‘o some degree renal ischemia charscresze essenual hypestension
Ponts of transiiion oay st} be found Qe such 15 the adrenororu
cat discharge elicreed by epmephrine Another 15 the cutious relanon
of nervous funcuon to renal pressor actvity What seem 10 be
10 taaces of such transinons are the usually wemporary hypetten
$IVE states seen 1 troops after batde of in enshians who have expers
enced such magpr disasters as that at Texas Gy m 1948

Smce simtlar of not idenucal muxmres of weads we associated
with ather psjchosomanc diseases of tn the absence of somatic dis
tutbance 1t may be that the hypertensive personality can cause
the disease only i associztion with some hereduary pateern of or
Ehme vastular-endocene susceptibility The ta may mungle in vary

rovohing b
s trmen o mporans o
¢ that symptoms (headache diznness

‘ague pains insomnuz weakniess) may hase been full blown dunng
the stage of adap! was

One aspect of che cransiton from pcm;nahry

when 1

Ty normal
dssorder wich
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substded 1nto inhibiion lame expression 1nd butsts of flaming re
sentment falling back 1 shamed composure 1nto a desire only tc
keep the peace He may be able to trace the change from expressior
to nhibton to some precipitating reverse which threw the patien
bick onto his shallow emotional and ntellectual resources The
wife may say He was never like this before 1t was then he took
up drinking  for some of these, pattents find a release in alcohol
and by 1ts aid expand to soberly unattamnable resistance to criucism
1nd ease of expression i which they may seeh to establish their
domsnance by promiscuous sexual activiey But from alcohol they
gain hangovers from promuscuity venereal disease and from both
remorse As nlubitory tendencies gan control they may lose the
ability to make decistons and therefore the capacity for responsible
worh While the mind retreats the mouth becomes more active so
that they may smoke and drnk to excess and eat themselves mnto
corpulence They may terminate as did many in Dunbars series
in dependence on the public funds

Rennie from another approich sums up the hypertensive per
sonality as one of hife long emotional Inbility and anxiety 1nd 10
additton to the usual trarts mentioned we would wnclude perfection
1sm ambition and over attention to bodily symptoms ~ The out
standing emotional pateern appears to be one of resentment He
noted that this partern 1s delineable in patents in whom emotional
factors seem to be apparent from the outset of the disease

A somewhat more precise defintion of the nature of the pa
uents basic mental quirks was obtamned by Binger and his colleasues
1 therr study of the personality of hypertenstves They found 2
rather untform pattern of failure psychic and somatic but did not
pretend causally to relate one to the other An excellent study
(Gressel et 4l ) the more fascinating ind convincing because 1t was
controlled established on what seem adequate grounds th2t hyper
tensrves show generally significantly higher degrees of associatton
with anxiety obsessive compulstve behavior and subnorml asser
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nd progress The larter 15 the more obyious and pracuical aspect.
[reatment here consists 11t the recogninon removal or acceptance
Jf the hazards and Afficultes of everydoy hfe wncluding the added
sne of hypertension In essence 1t consists in the applicauon 1© hy

pertension of the fecognized technics of physical and mental by

ptne To dezl wath the psyche a8 canse 35 mote diffiaule and a5 we
have seen much less certan ground for therapy The basic problem
s one of anxiety with opposed apgressve and passive tendencies
which often tendet treatment difficult for the physician who 15 un

willing to recognize the passible gan to the patient from free ex

pressions of aggressiveness and to put up wath the soubs criticism
quarseling and brohen appomtments The whole aum at first 15 10
place the pauent at ease and to assume confidently and naturally
the direcuon and review of nearly every phase of fus hife In certam
cases when the psychic smbalance seems paramount snd snsuper

able by ordmary means recourse should be had to a psychiatnst
prefetably one with some intetest 1n the problem But 3 cure 1 not

1a be expected from any form of psychotherapy though some may
have considerable pallte effect.

RrLATED PROBLENS

Related problems 1n therapy stise inually from consciousness
of sllness and later from the presence of real of the threat of furate
disabifities The levels of mental acuviy at which these appear are
at of conscious ankiety—the need for acceptance of hypertension
and shat imtanons 1t may smpose—and that of the wnconscious
where the sense of illness increases a sense of dependency on the
physican whuch may be alresdy typeropheed From 3 mixture of
the tv.0 fevels there develops a host of quenes spoken or not abou
the detadls and orientauon of bfe therr effect on the course of th
disease and the oppotrunities of using, thern for good In ﬂceunc
this problem the physicran secks to establish the mood and g
saiousness of equanimaty the nule he would prescribe 1 that of c:}:c
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(assumed) constitutional susceptibility to frank vascular discase 1s
discussed under the heading  nevrogenic hypertension {p 65)
This term 15 proposed to wclude panents whose hypertension 15
muld, who do not show vascular degeneration os renal pressot acuv
1ty and whose symptoms, sometimes disabling ate not tracerble to
organic dysfuncuon Some of these panents progress to established
esscatial hypestension with dvancng vascular disease and symp
toms consistent wich renl pressor hypertcuvity Although the an
sition has been obscrved 161 only 1 few cases, purs of fathers and
sons have been smdied 1n whom the fither shows full blown
essential  hypertension and the son of similar build and oursard
persontlity, only the neurogenic phase
Thus, the accumulavon of ewvidence, statistical, psyehologic,
1nalyuc and empieic suggests that 4 process pramandy mental may
presumibly sn co operanon with unknown neusohumoral factors
result 1 essenval hypertension and thar this mingling mechanism
acts 10 an uncertma but large proportion of those who suffer from
the disease But the evsdence (p 92) Incks (1) the characterzauon
and (2), as we shall see the proof of cure which would establish
psvchogenests Once the disease 15 established continunce of the
menel distress can anly speed the onset of physicil disabrhiry while,
n the tnterval, it accounts for much of the musery the pitent feels
The physictan s prablem s onerous He must try to recognze the
personality preterns which may lead to hypertension and by modt
fuing and protecting them attempt its prevention In established
cases he must guard against the temptation to deal only with the
solid entranciag, sausfymng deruls of physical measurement Rather,
when psychologic factors seem sigatficant he must give of time and
ungrudging emotional energy as o firm directing guide

PROCEDURY

Psychotherapy 1 hypertension 15 concerned with the psyche
erther as 2 cause of the disease or as n intensifier of s spmptoms
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the error of undetstatement. In thus way dhey become personally
able to co-operate 1n the management Ta so doing they ate mded
in their acceprance of ther condiien

The regime —We have already discussed the unconscsous trends
commonly found in the hypertensive patient Where they have beent
enologitally significant nexcher the discovery of tus disease not the
ontes of duabilty with loss of vascular adaptation removes them
but 25 we have suggested ether condition may increase the aspect
of dependency ‘The physicians duty 15 to accept the proffered de
pendency and gradually ransfer 1t back 1o the patent a5 confidence
10 humself and understanding of hus condition are increased This
cacnies a heavy responsibility for the temptauon to impose 3 ngid
life program ofren physiologically unsound on a pauent who seems
10 be floundeting for the lach of one 15 mote than a physican sho
15 domineening ot busy or merely lazy can eastly resist

Thus there will be a demand for a rule of life which will cover
the questions of work and lesute test and play the moralowds
alcohol and tobacco use of tea and coffee the magic of diet and
often the problem of insomma QOne of us bas covered most of these
elsewhere the text, intended for the pauents use was necessardy
general The degree 10 which 1ts recommendauons should be ind:
widually modied sests with the phystcian At least at the outser
when the patient hangs on lus every word and indecision the phy
sicans dos and don s should be staed defintely probably more
dogmatically than stienufic accuracy might nstufy and since the
problem 1s one of keeping the patient well rather than making hum
an ivald the number of rules should be hmited and therr charac
ter well propornioned ta the patent s emotsons and mntellectizal and
financiaf possibilives
mm?&'ﬁ‘:ﬁ,ﬁflffﬁ" :"dh‘“me ~These problems ate upper
Ruthless inwistence on R:: 0! ﬂb": - ‘:m T o eep  bouse
et pointed out  In arr 2 poeerorded Radhet 35 hatl Meomn

efial hypertension for example where there
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good the moderate  hfe, carefully Adjusted to the patients inaet
and outer needs hus 1um 15 primanly the avodance of unnecessiry
mvalidism and f possible ameloranon of hus pauents physical
conditson To 4 varying degree the modes of treatment may be di
rected to both psychic and somanc panels of the disease Hence there
discusston here

The prents nitial problem of conscious acceptinee and pain
less mtegration of his condition 1nto the fabric of his hife depends
parely on tus inecllectunl approach The pinfosophic approach of
pwents whosc aggressiveness has been the more obvious facet of
their mentl worhing molded s st commonly is to their inchoate
dessres, m1y have been close to that of the ungle The jungle ethc
15 not comforung to one wha 1s sich o prepariag co be sich Rather
the patent thrown bach on hmself 1nd the phystcran may have
© be helped in tns problem of necepting the achicvement of 1 more
landly point of view

It s not 1n the physiins province o organize the pasents
ethical approach not would imposed 1nd ncomplete 2cceptince
do more than increse tension Rather since the rattonal acceprance
of unknown presumably meurable lness s mare than even the
most stoic souls cin bear without a larger outward wision of the
world, the physicran should not block the avatlable avenues of ex
pression——-physiologic religions phtlanthropic To the degree that
he ¢in understand the selected cxpression the physician may be able
1o ud 1nd encourage his puent

Understanding the dicase —The extent to swhich the physictin
should explan the disease the torm it individually takes nd the
complications which may follow 15 1 mater of nice gudgment
Some pauents ate wrnhed by any approch to the truch and we
entsrely willing to place themseives wholly m the hands of the
physictan An explanation howeser hopeful may do more harm
than good Thost with 1 larger degree of emotional independence
are often preatly uded by an account of thetr condinon which avouds
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Dret —The problem of diet 15 considered 1n Chapet 16

The minor t1ces—Alkohol The guessions of the use af alechal
20d whaceo by the hypertensive patient ate suttounded by idols and
fears which affict the physan as aften a5 the patient With alcoho!
the quesuion 1§ oot that of alcoholism or dipsomantz Ordinary use
of alcohol by the social drinker 15 complicated by his specsfic fears
and the possibility of excess with resultant faugue excess smoking
and hangover Alcohol 15 10 be avorded when fears ate great of
excess 15 nevitable

The beneficial effects of moderare ingeshion of alcohol which
some have claumed seem o lie 1n a feeling of well being and release
from tension Thus rarher than 1s vasodibator effect 1 she basss for
the occastonal prescrpnion of a glass of shetry before dinnet or a
hat toddy before tenning Mare effecave vasoddatars especnaliv of
the coronary vessels and other hypnotcs ate available when alcohol
1s not acceptable ‘There 18 some evidence that cholesterol athero-
sclerons of rabbits can be prevented by the concurrent adminustra
tion of alcohol some pathologists believe that atherosclerosss 15 un
commod n chtonic alcoholics Netthet obsersation seems devord of
emotonal buas not 15 1t likely that socially acceprable and phivsically
tolerable quantities of aleohol have any effect of s sorr. In any
cse a fecent study idicates that the alcoholics freedom from
attetiosclerosts 15 due mesely to the fact that he dies young

Tobacco The question of the use and abuse of tobacco 15 com
plicated by the fact that certan patients especsally 1n the morning
seem imtolerant to inhalaton of nicoune This 15 reflected 1 sym
pathetc sumulanon weakness fangue and vasoconstricpon parucu
hﬁt); significan when 1t affects the coronary crcufauon Among
Sg‘; tfeuf:d‘? c;k:o 25; of tobacco 15 1o be sntetdicred of strsctly hmuted,

specthic to the sndividual and 15 not a systemic

treatment of hypertension

Tt s not eay 10 decrde on the advantages of denscounized

gars and cigatets They thc’thﬂmsmn tuch anises from
e {\
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15 a vasculas response to the anxiety associated with emotional con
fltct, the former proscription of exercise and worh seems to have
been a step 1 precisely the wrong dicection I am confident that the
death of some hypertensive patents has been hastened by physicians
who removed them from the only available form of aggression to
which they had access

Useful successful work 15 a normal, desirable condition of hfe
and with most people necessary The value of work to the hyper
tensive lies 1n work as 2 pact of the moderate life The adjustment
1s made by imitation, someumes by extension, of its condiuons © 2
level of satisfactory 1chievement conssstent with physical sell being
Work 15 not an end in wself, but 2 means The pauent shouid be
brought rapdly 1o this realizaon Work, when intermpted by rest
1s demonstrably more produceve for the hypertenstye, as 1t 1s for the
normal mdividual The evening rise of blood pressure may be in
terrupted by repeated periods of rest The panent will more eastly
achieve the mungling of work and rest by follow ing a regulat sched
ule, for instance a half hour before lunch an hour before dinner
and bed at ten oclock

The form of these periods of rest 15 less smportant than the de
gree af relaxation they taduce Some rest ux quier and silence, others
read and others bisten to the radio In each case recumbency and
absence of intertuption should be assured

The problem of the lesure hours and the possibihty of play 15
met by defimnon of their purpose which 15 that of suscease and
solace Play should fulfif the criterion of pleasure since the hyper
tensive patient may not exce] without more than a desrable degree
of phystcal effore and mental strun compentrve play or play 1 the
Ine of business should be discouriged Play docs not mean personal
athlenc participatson It may hic an a hobby m a ke 1 the com
pamonship of children or m participation 1n community ot soctal
effort. The usefulness and type of play selected depend on the de
gree of pleasute reatized and the concomitant relcase from tension
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Ansofac as there has developed a vicions qyele 1 whch the fear of
not sleepng, prevents sieep the nssarance that test may be obtained
by relaxaton wihout sleep 15 useful Empinic rules such as those
outlined by one of us for the patients use may prove beneficral
Mot of these axe maeers of ordinary common sense Cercan pa
uents may be led t0 3 purposeful sausfyng and soluble train of
thought by applicauion of Jacabsons method of progressne relax
ation

When msomnia 15 a real problem 1t 15 ssely met by the use of
hyprotc drugs Their recommendanon may be prefaced by the
explanation that they are not dope  for the feat of them 1s wide
spread owing partly to msinformanon and partly 1o newtonc re
sstance The choice 15 made from the characeer of the msomesa
Difficulty in getung to sleep 15 countered by a quick acung barbi
rate The same drug given on retning in enteric coatng may awd
those who wake ar cockcrow  Alternatvely a long acung barbitw
rate such as phenobarbital or amytal® (34-11% gr) may be gnen
1 hout before reunng Shouid tension persist during the day the
dose may be repeated once or twice

Certain patients will find chloral hydrate more useful than the
bachirurates [t s gven 1n $ 10 ot 15 gt dosage exther in sunple
solution or 1n a muxture such as  hypertensive muxeure It as a

B Sy ac hydrona 048
Potasu bromids 260
Chlacal bydraus 376

fuc. acacta 600
Sye anranm 1200
Aq desc g5 ad 0

2400

Se dcc once twice or three tmes s day
vapid acuon and 1t may be that s taste ordinanly objecuonable

1S somettmes a virtue

The menapause 15 commonly associated with 1nsomnza At least
hatf the women wha find this peniod one of grear tension formerly
showed neutouc trends which the menopause only evagperates The
ndetlying neuso 1s will not be cured by estragen The rension may
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the restriction of smokung to the extent that the nicoune 1s 1ctually
removed and bectuse their expense and unaccustomed flavor heep
the smoker within bounds of nicotine mtake Where there 1s ques
ton of a speafic intolerance o smoking parual denscotnization
does not seem to us to solve the problem

There 15 no reason to doubt the vilidity of Pearls staustical
demonstrition that nonsmohers live longer than those who smoke
The degree of csal association berween smoking and longevity s
widely open to question There may be none Women who usually
smoke less than men 1n 1ny case live longer, smohing sself 15 1
symptomatic means of oral graufication and of release from psychic
tension It 1s generally agreed that psychic tension shortens the
length of life Thus to the extent that smoking relieves tenston 1t
mught be argued that in certain cases 1t lengthens the useful span
of the pauents existence

Thus 1n the face of the indecisions and contrundications which
surround both alcohol and tobacco the physicrin who would inter
dict or recommend them 1s on tenuous ground These problems
should be approiched on the basis of specific and objective evidence
awording 1like 1n exaggerition of the evils or of the possible benefits
of esther substince

Coffee and te1 The use of these subsernces like that of 1lcohal
and tobtcco 1s 1 macter of individualizition Tolernce to the
cafferne they and some colv drnks contun 15 widely vanble
Tachycardia sweaung tremor 1nd light headedness indrcate ex
cess The jumpy patient mry not realize that these drinks do more to
excite than to relieve tension The vasodilator effect of caffeine 1s not
therapeutically useful Equal benefit 15 obtunable from the use of
any other hot drnk

Insomnsa —Insomnn 1s probibly more a reflection of underly
ing anxiety than 4 specific effect of the disease However w hae my
seem stmple 1nsomni may be an carly mamifestation of heare fulure
(p 202) Iderdly 1ts treatment consists 1n the rehief of the anxicty
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Insofar as there has developed a vicious cycle 1 whuch the fear of
not sleeping prevents sleep the assurance that rest may be obtained
by telaxstion withoue sleep 15 useful Empune rufes such as those
outhined by one of us for the patents use may prove beneficial
Most of these are matters of ordinaty common sense Certain pa
tents may be led to a purposeful samsfying and soluble wam of
thaugh by application of Jacobson s method of progressive relax
auon
When nsomnta 15 a real problem 1t 15 wisely met by the use of
hypoouc drugs Ther secommendanon may be prefaced by the
explanation that they are not dope fof the fear of them 15 wide
spread owing partly to musinformaton and partly to newrouc re
sumnce The choice 15 made from the Character of the insomnia
Difficulty 1n gerung o slecp 1 countered by a quick acung barbitu
rate The same drug given on teuring 1o entenic coaung may ad
those who wake at cockerow  Alternauvely a long acting barbitu
tate such 2 phenobarbual o amytal® (34-114 g1 ) may be gnen
an hout before teunng Should tension persist during the day the
dose may be tepeated once ot tnice
Cerain paents will find chioral hydrate more usefn) than the
batbinwrates Tt ss grven 1n 5 10 or 15 gr dosage euther in simple
solution or 1n a mixmre such as hypertenstve muxeure It has a
B Sy ac hydrorat

048
FPoas  bromidy 160
Thlgra) hydrans 370
Muc aacs 600
S5t suranm 1200
Aq dest qs. ad

2400
Sig. 4ec once thice ot thete umesa day

rapid action and it may be that s taste ordnanly objecucnable

15 Sometmes a Virtue

h;lfj‘h}: fmenopause 15 commonly associmed with msomnw At Jease
© women who find this period one of great tenston formerly

sho
:u dv»rld newroud trends which the menopause only exaggerates The
ring neurosis sl rot be cured by estrogen The tenston may
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be relieved by minor psychotherapy—witness the age long use of
inactive ovaran preparauons and of valerian Objective as well as
subjectve relief 1s obtained by adminssteation of an estrogen To this
end stilbestrol 15 given orally 1n 2 mummal effecuve dose (02-1
mg ) daly and, 1f need be, supplemented by small doses of long
acting barbiturates
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SECTION 111
8 Cerlll'lhOﬂ i E’u‘ly Hypertcnsmn

e

I GENERAL CONSIDERATIONS

Thus sEcTioN (Chapters § 4nd 9) porteays the cardiovasculas evo-
funon of the discase The vascalat pattern 1s consdered under func
wonal and stractural aspects The funcuonal changes are thought of
as those Which sustain the disease and those which result from 1t
The strucrural aspect ncludes age-conditioned changes which the
vaseular tree has usually undergone by the ume hypertension has
set 1n and the influence of hugh artetsal pressute on these

Since strucrure and function cannot be divorced 10 pracuce their

4 15 combined. Afer gemeral on the mecha

ausm of hypertension and structuse of the vascular system as hyper
tenston finds and leaves st the discussion will proceed to the pattern
of change i the cotonary artefies and myocardium elasuc and
muscular artertes and atterioles Diagnostic measures and relevant
modes of treatment ate noted as occasians stse The consideration
15 lunmited by the fact that arculanion 15 quanutatively normal 10
most areas of the body early n the disease ‘The uncertawn and haghly
vatable duranon of this phase compels the selection of some term
other than eatly hypenension  and we thetefore consider 1 as that
of rascular adaptation The decrescent stages—which 1 poiat of
urne are sometmes earlg—are assocrated wich partal or complete
fatlure of circulanon i Jocal areas The focal aspects of falling
adaptation ace considered under the separate headings of vascular

10s
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mnjury n heart brun and kidney The special problems posed by
the consideration of renal function demand that the discussion of
this rea include the process from beginning to end

MECHANISM OF HYPERTENSION

The basic consideration in essential hypertension 1s that we deal
with a system 10 which arternnl pressure 1s incrensed 1n the systemic
circulation but except secondanly not in the pulmonary bed and
the night ventricle The increased pressure might 1n theory result
from increased left ventricular output the resistance to flow throuch
1ts channels of distibution remamning constant Or agan 1t might
be due to increased resistance 1n the systemic channels the output
of their pump being constant but the force of its beat increased As
1t applies to essential hypertenston 1n man the first posstbality may
be dismussed for cardrac output 15 not increased but 15 often slightly
decrexsed The primary characrenisuc of the process 1s increised
vascular resistance peripheral to the pump This resistance might
result from 1ncreased viscosicy of the blood or from narrowing of
the channels through which blood must flow There 1s no evidence
to support the first possibility but a good deal to confirm the second
Hypertension then 1s characterized by increased resistance the re
sule of narrowed channels of blood flow This narrowing might
occur varously 1n large arteries n small artertes and arterioles n
capillaries or concewvably on the venous side of the capillaries But
since there 1s nerther cyanosis to suggest venous obstruction nor
pallor to ndicate constricuon of the capillaries the resistance can
not rise 1n erther of these sites The narrowed channels are therefore
arteral or acterolar and the process might be diffuse or localized
However local artertl constriction or obliteration does not of wself
increase arterial pressure nor does even the removal of such lrge
channels as those of the four extrermties Indeed with successtve
experimental restrictions of artenal outflow increased pressure does
not appear as the sole result of restricted arterial capraity untd the



CIRCULATION 167

splanchaic vascular bed 15 removed from the crcelaton \‘(/; may
therefore say that essential hypertension 1§ characrenzed by m
crensed vascular resistance the result of widesptead narrowing of
precapittary channels presumably diffuse throughout the body

The locale of the tmcreased artersal restscance may be found by
rmessuremments of the extent o which pressure falls in arsenal chan
nels as the blood travels farthes from the heare Normally the mean
attenal pressute of 100 mm Hg 15 decreased by about 30 mm Hg
1 wts passage through artertes to artenoles the blood entenng ar
tenoles at about 70 mm Hp pressure flows into the capillanes at
about 30 mm Hg The aneral gradsent (100-70) 1s thus 30 mm
Hig and the arteriolac {70-30) 40 mm Hg In hypenension the
attestal mean pressure smay be 150 mm Hp and attenalar pressure
120 mm Hg while capilfary pressure 1s sull 30 mm. Hg Here thes
the arterial gradient 15 normal and the attersolar gradsent increased
© 90 rom Hg Since gradient of pressure expresses the resistance
ta che flow of blood and since only the attersolar gradient s grearly
inczeased in hypertension 1t foliows that the increased vascolar re
sistance of hyp © d 1 the 1

The arterioles are therefare 2 focus of iterest. They are small
short vessels whase precise dimensions are marters of dispute among
histologsses They range 10 drameter from 20 0 150 mullimicrons
Then tuswologic strucrure 18 summarized 1n the statement that the
muscular medaa forms the fasgest pare of the vessel and thar s
thichness 15 about half chat of the fumen By thes extent 20d qum
ber their aggregate cross secttonal area 15 neatly 10 umes that of the
arteties. Constricuon and relaxation of their muscular walls 1n re
spomse €0 pervous and humoral sumul cause them to act as the
stopeocks whichs controf the run-off of arrenal blood nto the capl
laries Thus they construte tmost of what we mean when we speak
of petspheral resistance More than any other factor the state of

thewr musculatare determines the resistance to the outflow of blood
from anenat channels and the hear
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Arterial hypertension as a disease 1s one expresston of an abnor
mal accentuation of atteriolar resistance The extent to which func
tional abnormalities of large artertes and particularly of the heart
and aorta participate in increasing arteral pressure 15 a discussion to
which we shall return But m this general survey we must tutn now
to the structural changes which accompany and follow patholog
ically increased artersolar resistance

VASCULAR SENESCENCE

The state of the vascular tree at the onset of hypertenston forms
the structural substrate on which the disease evolves Its character 15
largely determuned by the age at which the disease 1s fully estab
lished and this as we have seen, 1s commonly 1n the late thirues and
early forues At this ume some parts of the vascular system are well
advanced in senescence while others commonly remain youthful
and capable of a further wide degree of plastc change The changes
due to hypertension assume the character of accelerated senescence
In this connection 1t 15 worth noting that the term  senescence
(Lat senesco, 1 grow older) does not carry the conmotatson of
established senility (Lat sendss, aged) commonly given 1t Senes
cent changes occur from the ttme of conception and even a2
world whose advertisers consider youth a virtue no one need be
ashamed of growing old

In summarzing circulatory senescence 1t 1s useful to consider
the cardiovascular system as 2 umt 2 which certain areas ar¢
specialized 1n structure and modified 1n function with advancing
maturity, although no one becomes dispensable The system orig
inates 1n hollowed out cords of mesodermal angioblasts along
which tapid waves of persstaltic contraction weakly provide a slug
gish stream Later most of the energy of the contracuons 15 localized
and the force increased by centering 1t 1n wide and muscular porttons
of the tube As specialization proceeds 1n this the primittve heart 1t
advances along other lines m other segments Arteries large and
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small elasuc and muscular artenoles copilianes shunts and vewns
ate dufferentated Basscally these are all regions of the whale The
system 5 one OrEan & which one term, such as sngon mught be
applied 1f sts use would cbvite the misconception of ¢xediac doms
sance shich the term  cardiovascular seems o contey

“The uruty of the system 15 expressed 10 1t strucrural and func
tional responscs to sumul for with differences of emphasss these
are the same 1n every zone ‘This unsformuty appears i the reactions
to age which ste preseat 4 the onset of hypertension and 1 their
acceleration which follows sts persistence

The age<onditioned changes proceed in three phases—manra
ton momnry and dechine They cannot be sharply separated 1
terms of years since they proceed at different rates n different
regions The changes proceed most rapadly i artenal chanaels and
m the heart, probably owing 1o greater and unremutting physical
work althongh they may assume a stmar character in veins With
the phase of mataraton we have little to do The mamnty of ar
tetres « assousted with a sphtting of intumal elasne tssue which ar
first seems fo ncrease 10 amount and then fragraents Fragmentation
15 folloned by loss of elasuc ussue and is teplacement by fibrous
ssue so thac tunctionally 1t 1s folloned by loss of elasuey and
begmuing decline Because the distending lateeat and § dnal
pressure remains the inelasuc atteries dilate and elongare and since
they are fixed at certamn pomts become tortuons The smzll chan
oels sach a3 the axtetsoles are rouscular rather thap clastic ther
namal reacion with onset of dechire 15 an tmpregnarion of sub
woumul connectve tissue wath a muxmure of protei and Iipd which
stns chanacenstically as hyalme This deposic extends 1nward 1o
encroach on the lumen or outward 1o iavade the media.

1ate matunsty and early dechine are equally assoctated with re
gression of efastic and muscular ussue and growth of connective
vssue 1 the heart In the muscle brown pigment 1 bd down 1
(rereasing amownts a1 1he neclear poles from eatly decades The
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Arterial hypertenston as a diserse 1s one expression of an abnor
mal accentuation of arterolar resistance The extent to shich func
tional abnormaltties of lege arteries and parucularly of the heart
and aorta participate 10 increasing attersal pressuee s a discussion to
which we shall return Butin this general survey we must urn now
to the structural changes which accompany and follow patholog
ically increased arteriolar resistance

VASCULAR SENESCENCE

The state of the vascular tree at the onset of hypertension forms
the structural substrate on which the disease evolves Its character 1s
largely determined by the age at which the disease 1s fully estab
lished and this as we have seen, 1s commonly 1n the late thirues and
early forues At this ume some parts of the vascular system are well
advanced 1n senescence, while others commonly remain youthful
and capable of a further wide degree of plastic change The changes
due to hypertenston assume the character of accelerated senescence
In this connection 1t 15 worth noting that the term  senescence
(Lat, senesco, 1 grow older) does not carry the connotation of
established senttty (Lat semilss aged) commonly given it Senes
cent changes occur from the ttme of conception, and even 1 2
world whose advertisers consider youth a virtue no one need be
ashamed of growing old

In summarizing circulatory senescence 1t 1s useful fo consider
the cardiovascular system as a unit n which certamn areas e
specialized mn structure and modified 1 functon with advancing
matursty although no one becomes dispensable The system ong
inates m hollowed out cords of mesodermal angioblasts along
which rapid waves of persstaluc contraction wehly provide 1 slug
gish stream Later most of the energy of the contractions 15 locnltzed
and the force increased by centering 1t 1n wide and musculat portions
of the tube As specialization proceeds in this the primutive heart, 1t
advances along other lines i other segments Arterses large and
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small elasc and muscular artencles capillaries shunts and vemns
are dfferenuared Basically these are all regons of the ':h°[° The
system 15 one organ to Which one term, such as angion " micht be
apphed 1f 1ts use would obviate the misconception of cardiac dom
wance which the tetm  cardsovascular  seems o comvey

‘The unity of the system 15 expressed 0 1ts structoral and func
tional responses to surmah for with differences of emphasis these
ate the same 1 every zone This uniformuty appeats 1n the teactions
10 age which are present at the onset of hpertension and 1n therr
acceleranon which follows 15 persistence

“The age-conditioned changes proceed 1 three phases—marra
ton, matuney and decline They cannot be sharply separated
teems of years since they proceed at different rates i different
tegons The changes proceed most rapidly 1a arternal channels and
i the heart, probably owing to greater and untemitung physical
work although they may assume a sumlag character in veins With
the phase of maturation we have linde to do The man.nty of ar
tenes 15 associated with a splicing of inumal elastic nssue which ar
fisst seems to 1ncrea.e 1n amount and then fragments Fragmentation
15 folloned by loss of elastc ussue and 1t replacement by fibrous
ussue o that funconally 1t 15 folloned by Joss of elastay and
beginming decline Because the distending latera) and Jongirudinal
pressure temawns the melasnc atterres dilate and elongare and, since
they are fixed at cestaun pomts become tortuous The small chan
nels such as the artenoles are muscular racher than elasue therr
mtmal reacoon with onset of dechine 15 an unpregnanion of sub-
1numal consectve tissue with a mixwure of protetn and lipid vhech
stams charctenstucally as hyaline This deposic extends nward 1o
encrozch on the lumen or outward to invade the medis.

Late marority and early dechine are equally assocrated with re
gression of elastic and muscular ussue and growth of connective
tssue 10 the heart, In the muscle brown pigment 15 Jasd dowa n
MKLeRsIng amounts at the nnclear poles from early decades The
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muscular striations disappeat 1n the path of advancing deposition

The phase of established decline 15 termed senule fibross It
results in decreased functional capacity of all ussues but does not of
ttself place hife in stant jeoprrdy However since fibrous subendo
thelial tissue 1s highly susceptible to atherosclerosis the process
though not necessarily an obstacle o function, 15 one onto which
disease 1s easily grafred

ATHEROSCLEROQSIS

That atherosclerosis 1s a disease not casually to be dismussed as
a problem of aging —as if a problem of aging were dismissible—
1s indtcated by the scatter of 1ts occutrence 1 age and disease groups
and 1s more paruculatly attested by 1ts rarity 1n animals other than
man The process begins 1n the matnix of decrescent thickened sub
endothchial connective tissue Through this course an increasing
number of minute capillary channels Deposits of lipid either by
imbibttion from plasma or by conveyance 1n macrophages appear
as fatty streaks which phagocytosis may remove when the inuma 15
stull young and thin But as age coarsens and thickens ts texture
the deposits are not scavenged away The fatty parucles coalesce
and around them forms a condensed hull of fibrous tissue The
localization of these deposits 15 not unexpectedly most ntense in
arterses of predomnantly elastic character Here numal changes are
most profound especially at sites of acute branching where mechan
1cal stresses are most ntense and newly formed vascular channels
most abundant Some protection scems to be conferred by the arter
tes being enveloped in 1 supporting tissue Here and there around
the Itprd deposit the collagen weakens and begins to necrose so
that the lipids aggregate o pools wnd puddles of mush (Gr
atheros mush) In other areas the fat 1s mostly removed 1n macro
phages and a thickened fibrous scar marhs sts wake As necrosis be
gins in the base of the lesion 1t destroys first the fenestrited barrier
of elastic ussue then the scar which replaces 1t unul the process
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advances 1o the media and tepeats self When the film of scar
over the lumunal sucface 1 hauefied and endothelum necrosed the
athetoma 1s naked to the curtent of blood and a thrombus forms 1n
the ulcee Hemorrhage from vasa vasorum at the base of the fesion
ray precipitate endothelial Joss

These to processes sentle decrescent fibrosis and atherosclero-
sis are commonly present n some pasts of the vascular system when
hypettension 15 thrust upon 1t The fibrouc clement dlares and
lengthens the vessels but does not cbstruct them the atherosclerone
element may tmpinge on the lumen or weahen the media As the
channel nasrons o endothelum 15 {ost fom the sucface of 20
atheroma the perid of thrombauc occlusion anses

HYPERTENSIVE VASCULAR DISEASE

The vascular 2bnormaliues of hypertension fall 1 tno groups
first those which sustain the process and later those which resule
from st The firse order of change s funcuonal and seactne It 15
concentrated i mastenance of 2 nearly normal airculauon through
nssue capiflanes i the face of increased artenolar resistance To ts
eod the heart beats more wigorously arteral pressute nses and
cardsac output 15 mamntaiaed, In this the phase of adapaauen there
are therefore no angiogenic symptoms of ussue ischema and only
scane physical sigas of local change The phase of farling adjustment
15 evidenced by sigas of wear and tear 1n affected zomes of the ar
culatory system

The underlving abnormalay to which the hears and artersal ves
sels adap at first 15 overnork Loss of adaptavion implies a failuce
< muntain the pace The tesponses 1o overnork of even such com
plicared structures as cardiac and vascular tssues are few They can
not bk ther possessars quit work get druck ot ener pohincs
Rather they must proceed although at an accelerated cace 2nd wath
added hazatds in much the direcuon they were gaing when the dus.

ease had s onset Hypertension speeds the senescence of arteries
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muscular striwtions disappear n the path of advancing deposition

The phase of established decline 15 termed  semile Abrosis It
results 1n decreased functional capacity of all ussues but does not of
wself place Iife 1n nstant jeopardy However since fibrous subendo
thelial ussue 15 highly susceptible to atherosclerosis the process
though not necessarily an obstacle to function 1s one onto which
disease 15 easily grafted

ATHEROSCLEROSIS

That atherosclerosis 1s a disease not casually to be dismussed as
2 problem of aging —s if a problem of aging were dismussible—
1s indicated by the scrtter of its occurrence i age and disease groups
1nd 1s more partrcularly attested by 1ts rinty m animals other than
man The process begtns 1n the matrix of decrescent thickened sub
endothelial connective tissue Through this course an increasing
number of munute capuiry channels Depostes of lipid esther by
tmbibition from plasma or by conveyance mn macrophiges appeat
15 fatty streahs which phagocytosis may remove when the ntima 15
sull young 1nd thin But as 1ge cotrsens and thickens 1ts texture
the deposits are not scavenged wway The fatty particles conlesce
and around them forms a condensed hull of fibrous tissue The
localization of these deposits 1s not unexpectedly most intense 1n
arteries of predommantly elastic chiricter Here tntumal changes are
most profound especially at sites of acute branching where mechan
scal stresses are most ntense and newly formed vascular chnnels
most 1bundint Some protection seems to be conferred by the arter
tes being enveloped 1n 1 supporting ussue Here and there around
the liprd deposit the collagen weakens and begins to necrose so
that the hpids aggregate 1nto pools and puddles of mush (Gr
atheras mush) In other areas the fat 15 mostly removed 1n macro
phages and 1 thickened fibrous scar marhs 1ts wake As necrosts be
gins in the base of the lesion 1t destroys first the fenestrated barrier
of elastic tissue then the scar which replaces it unul the process
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them and goes on to ther finer branches as they weme basher Whe
1nto the spiraled muscle bands of the myocardum But sysiohe wen
si0 of Aentricular muscle stows the onward flos it the deep myo-
cardial capillanies In dustole the relausng syocasdwn lessens the
resistance 1o fiow through termsnal sessels and blood flows steadily
throsgh under the gradually decreasing duastolic gore pressure A
ki otmard fow 15 thus mantaned 10 both phases of the heatts
beat, but the volume flow apd effectveness of ussue perfusion ate
probably greater 1n dustole increased aorne duastohie pressuce in
the absence of coronary vasoconstricuon causes 2 pasallel increase
1n duastolie blood flox Apare from the mechamcal facrors of systolic
and dstolic ptessures which determipe cotonary blood flow the
autonomic netves of the vessels may cause diem to dilate or consteict
Fusther humoral samult (adrenahne angiotonin) may alwer thewr
set locally formed subsrances derned from the normal merbohsm
of muscle (€O; ademne) may dilate them Histamine and other
subteances abnorsmally Iiberated at the site of muscle necrosss may
do the same Coronary flaw 1s thus adjusted by aotuc pressure and
arduc systolic effort on the one hand, and by teflex aad chemical
stumult which tend to vary the flow of blood to meet myocardial
fequirements on the other
This adyustment, though exact over narrow ranges of effore s
not all-compelling Thus dunng strenuous exercise when the work
of the body and cardiac output may be mereased about tenfold cor
onary blood flow ncreases only three or fourfold, The grear capac
tty of the somauc mascles for brefly suscuned energy ourput 15
lasgely due ta the faculty of Creang an oxygen debr. Temporanly
their performance may exceed both there hlood flew and their oxy
o e i A o
tequirements of myocardul muscle 20 ¢ Eap berween physical
nd the possibility of their fulfil
ment 2 narzows one The relanon berween reduced capacuy for exer
ase w hypettension and <oronary aftery tasuffictency 1s thus appar
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toward premature semulity Senile fibrosis 1s exaggerated, atheroscle
rosts becomes more intense and, since arterioles are the focus of
much of the increased effort they regress at an exteaordinanily rapid
pace and desert the usual order and at umes the character of their
change

II THE CORONARY CIRCULATION

One logical procedure 1n constderation of hypertension which,
although ansing i arterroles reflects wself 1n che whole crrculation
15 to travel with the blood from the hearr much in the manner pre
scribed by Virchow for orderly autopsies The fisst avenue of dister
bution of blood 1s formed by the coronary circulaon These arcertes,
normally ewo right and lefe, arise 1n ostia at the base of the aorea
and, passing to their distributions, circle the top of the heart like a
coronet Under basal condittons the volume flow of blood through
the two of them equals some 5 or 10 per cent of the cardtac output
Possibly two thirds of the roughly 200 cc per minute of basal coro
nary blood flow passes through the larger left coronary artery to the
larger muscle mass of the left ventricle Although there 15 a2 good
deal of anatomic vartation in therr distrabution and sometimes an
accessory artery at the origin which replaces the anterior descend
ng branch of the left coronary artery it 1s a worhing rule that the
artertes nourish thetr psilateral ventricles As a result, most of the
left ventricular muscle and the neuromuscular ussue as well re
cetves 1ts blood supply from the left coronary artery, the night coro
nary noutsshes most of the right ventricle mn about GO per cent of
hearts the sinoaurzcular node and in some 80 per cent the sino
ventricular node also In roughly 5 per cent of hearts a// neuromus
cular ussue and 1 10 per cent all but the sinoaunicular node 1s
supplied by the left coronary artery

During systole the sharp rise of aoruc pressute forces blood 1nto
the main coronary arteries The blood passes through and distends
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would hsve to be considered main channels However when ob

struction of a coronary ateery of of one of 1ts branches has greatly
reduced pressure in some distal branch blood may flow from a small
collateral of tugher pressure mto the atea of toner pressute As the
cotateral flow persists st 15 1ncreased by cheaucal asodilators and
possibly reflexly so that s volume mses the change} enlarges and
the vessels walls become more fitted to their task The effectineness
of collateral pesfusion 15 s increased untl some point of equlib-
oum 15 reached In this connecuon the increase with age in the size
and visible nupaber of anastomeses of vhe nght and left cotonanes
siswadued by some as @ sost of teleologic preparaton fot the onset
of lefc coronary artenal occlusion 1 functionally ineffecune As we
hase seen the drameter of most artenies including coronaty colfar

erals wicreases with semle fibrosis Funcuonally corenary occlusion
15 more frequently fatal 1n old age Some of the increased number

of thanmiels probably anse from wsufficient petfusion and pressure
w branches of the lefe catonary artey

CoroNARY CIRCULATION IN HYPERTENSION

In conuidening the coronary circulation 1 hypettension we ate
faced wath the face thar us arteries more than any other branch of
the aorta ate prone 1 changes of agng

The general classificauon of arteries nto muscular and elastic
#pes muse be noted {n general penipheral attenses ate museular
and subject without much loss of funcuon to deposition of ealcum
wn thewr media Centsal arrerses typreally the aotta are predomn
oanely elasuc rathet dhan musealar and as such are predisposed to
atheroscletasis This classificanian Wke many a~gher has an un
happy way of mping just when 1t could be useful for the coro-
naties. muscular aftenes tn youth become 10 some measure efasuc
and 1n farge measute fibrous 1n muddle age which lde life 1s re
ported 10 begin at 40 Senescent changes appear before biteh and
are alnays more advanced in the left thag 1 the nghtartery so that



114 ARTERIAL HYPLRTENSION

ent for here the basal effort 1s fready large In this connection, too
there should be noted the increased coronary blood flow which
normally accompantes digestion and the vasoconstriction which
follows punful stmulation or distention of hollow viscert In man
whirling emotions of rage or anxiety may replace the expen
mentalist s panful strmuli 1n reducing coronary flow

COLLATERAL CHANNELS

The most significant thing that coronary arteries can do 1s to
cease to fulfil their normal function as the result of partial or com
plete occlusion As a result 1 good deal of effort has been applied
to the study of collatertl channels of myocardial blood flow The
aim has been to answer the question  Are coronary arteries end
artertes® The search has perhtps suffered from an il failure o
define its teems Thus some view 1s an end artery any artery whose
obstruction causes infarction of the tissue 1t supplies, others mantun
that true tafarction 1s taconcetvable s the bsence of some collat
erl channels But as regards the incent of the question the answer
too often given by presence of coronary occluston and myocardial
infarction at autopsy 1s that obstruction of a major coronary artery
cruses death of ussue beyond Lxpenimental ligation of such a ves
sel 1s followed 1n about one minute by cyanosis and fulure of me
chanical 1nd electrical systole mn part of the area supplied by that
vessel The conclusive studies of Prinzmetal and co worhets estib
Iish the presence of freely open collaterals of at least arterolar size
But as they point out these vessels do not provide adequate perfu
sion after obstruction of major channels The size of these ntercoro
nary channels 1s increased mn hearts whose coronary artenes hwve
been obstructed or narrowed

The consideration which undeclies these or any rternl col
faterals 1s that blood will only flow nto vessels of lower pressure
Were they 1 their normal state large vessels contaning blood
under suffictent pressure to equrlize that of the mun channels they
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wauld have to be considered main channels However when ob-
struction of a coronary artery ot of one of 1ts branches has preatly
seduced pressure n some distai branch biood may flow from a smal
collateral of ugher pressure into the area of fower pressute As the
collateraf flow persists 1t 15 ereased by chemacal sasodilators and
possibly reflexly o that 1s olume tises the channel enlarges and
the ves els walls become more fitted 1o there sk, The effecuneness
of cotfateral perfusion 15 thus increased untd some paimt of equilib-
fium 18 reached. In this connecuon the increase wath age 1n the size
ang visible pumber of anastomoses of the nght and left coronaties
visuahized by some a5 a sort of teleclogic preparation o the onser
of teft coronary atteral occhusion 15 funcuonmally weffectine As we
have seen the dameter of most artenes including coronary collat
erals increases with senile fibrosis Funcuonally coronary occlusion
15 more frequently fatal in old age Some of the ancreased number
of channels probably arse from nsufhcrent perfusion and pressure
tn branches of the left coronary artery

CoroNARY CIRCULATION IN HYPERTFNSION

In cansidening the cotopary arculauon in bypertension we are
faced with the face that its arteries more than any other branch of
the aarea ate ptone 1o changes of aging

The generat classification of artenies 1nto muscular and elastic
types must be noted In geseral penpheral arenes are muscular
and subject wrthoue mach loss of funcuon, 1o depostson of caloum
@ the meds Central arceries typucally the aorea, are predomt
nandy elasuc rather thap muscular and as such are predisposed to
atheroscerosss Thus classfication Iike many another has an un
bappy way of hping just when 1¢ could be useful for the coro.
nanies musaular aseeries s south become 1 some measure elastic
and 1n Jarge measure Fbrous @ muddle 2ge which hke Lfe s re
pocted 1o begin ar 4D Senescent changes appear befate tusth and
are always more advanced in the lefe than 1 the right artery 5o that
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structurally the left coronary, notably 1ts anterior descending branch,
15 10-20 years older than the night ‘The first change spls the inter
nal elastic lamina 1nto two layers so that the thickness of the ntuma
increases although 1n childhood 1t does not commonly exceed that
of the medn In the second and thied decades a Inyer of connectne
tissue forms 1n the intima under the endothelum 2nd by the fourth
decade the thickness of the mtmal layer may many times exceed
that of the muscle, the preponderance of intunal nssue 15 collage
nous rather than elastic About this time the elastic layer begins to
fragment and break 1nto short and ineffective strands Thaus, three
phases of change may be recogmzed (Aschoff) (1) a penod of
accelerated grow th, especially of the left coronary artery as it heeps
pice with the growth of the left ventrcle, (2) a penod of estib
lished development, and (3) a phase of regression with change
from elastic to connective ussue

CORONARY ATHLROSCLEROSIS

Coronary atherosclerosis appears as senescence develops wnd ac
cording to some observers, earhier 1n America than 1n Europe It 15 s0
common on both continents that some view 1t as one of the phe
nomena of arterral regression

Here as elsenhere 1t begms with fatty subendothelnl deposits
which extend to form atheromatous plaques They seldom encrotch
on the lumen untl the third decade and at this time ate more often
present only 1n the left coronary nd here usually just before the
branching of the anterior descending artery In ume pliques appear
elsewhere usually on the cardiac surface of the artery and ner a
point of branching advanaing slowly into smaller branches and
eventually, into the night coronary The onset of atherosclerosts 15
enhanced by mtimal thickentng and a hugh degree of intimal thick
ening 1n middle Ife 1s charactenstic of the coroniry arterics

It 1s therefore not surprising thit coronary atherosclerosts 1s
often reflected 1n manifest disease 1t 15 surpnising that the relation
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ship was not tecogmzed before John Hunter died and that frank
coranaty afflscuon 15 ot more frequent. Unfotrgnately for precsion

terms such as sclerosis and even atheroma have diffetent meanings to
&fferent ohservers Degrees of change which one will pote as con

wimang enidence of abnoemaliry another may distegard Tl:ns while
some considet ath of the ¢ almost ¢ y present
afret the fifth decade others find 1t only common Howerer this may
be 1t 15 upon this play of atersal change that hyperrension 15 1m

posed and this most commonly at & tune when hyperplasuc con

nective tissue has formed s a lodging place for atheroma

EFPECTS OF HYPERTENSION

The firse change which hypertension causes 1n the coronars <t
culavon 1s an increase of systolic and duastolic pressure Because of
the increased systolic myocatdua) effort there 15 probably lude
change 10 systolic bloed fow and 1 dnsicle the tendency to s
creased flow may be countered by sncreased vasealar seststance With
marked hypertension 1t may be thot the volume of systolic flow x5
tocally decreased 1n the mnermost bands of muscle

Hypettensian also scems 10 accelerate the lethal progression of
senescent changes 1n the anteries and artenioles alchough wncertain
tes of definion make e difficult to deternune che precise degree of
accelerauon 1t induces Fabr from dara of Bell and Clanson was
ted to the view that artenosclerosts of the £oronary arferies 1s pres
ent 19 90 pet cenc of hypertensive patients seen at autopsy an tnts
dence much higher than that 1n nonhypertensives of sumlat age
groups although common among normotensives at the age of 70
or over An experimental demonstranon of the mfluence of fhyper
TEnsIOn On coronaty actenal disease 1s made by nature Coronary

atheroscletosss 1 rare among normotensrve females sn sounger age
groups Ths selamne wasascepribabiry all bug disappears 1n the pres
ence of typertensign

Before considening the tssues they perfuse we must wuen from



118 ARTERIAL HYPFRTENSION

the larger rtersal branches to the smll arteries and arterioles of the
coronary bed The smaller branches of the arteries come off almost
at right angles 1s they enter the muscle ind therefore re not in the
streamline of pressure They are also closely vested and supported
by the myocardium Even though severe chinges appear 1 the mam
artenses with aging the small corontry artenes nd arterioles show
at most only shight inttmal hyalinization In hypertension like other
wtersoles they are constricted and their media hypertrophic Sull
they 1lmost 2lone among small 1rterial channels fail to show the
severe regressive mnumal changes which are the fate of such vessels
elsenhere during the progress of hypertension Thus the general
rule that hypertension specifically affects and 1njures arterioles does
not apply tn the myocardium Here the mjury 15 usually erther ac
ternl or myocardial

I THE MYOCARDIUM

While we assign 1o artetolar vasoconstriction a primary fole 1n
the pathogenests of hypertenston we recognize that no 1ncrease of
pressute can follow an increased resistance unless there develops
some increrse in the force of the hearts beat Since the arteriolar
vasoconstriction ss systeric and not pulmonary the augmented force
of the hearts beat 15 lopsided It expresses wself as a provision t0
the blood of greater hinetic 1nd potentral encrgy 1s it leaves the left
ventricle The result of this acuvity by the left ventricle 1s mcreased
systolic pressure an exaggerited rebound of the elwsuc vessels 1
crenses dastolic pressure and forces the blood through constricted
artersoles at abour 1 normal rate 1n dnistole The perfuston of the
body tissues 1s maintaned

Teleologically cardtac wgmentanon i hypertension 15 useful
and Iife saving Several factors partrcipate 1n 1ts onset and contnu
ance We cin consider the probability thar nervous impulses are
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celeased from the vasornotot centet possibly because 1t 15 threatened
with 1schemia 1n some sensitive endprece Furcher as we shall sec
when the renal pressor system 1s active s effecror agent angiotomn
directly surnulates cardine muxle or uself affects the vasomotor
centers Buy af we visualize that by pothencal moment at which hy
pertension had ws onset and penipheral resistance fiest mcteased
we can see that in diastole a residue of blood would remain w e
\ekt ventarcle Diastolic size of the veatnicle would be increased and
the muscle fibess accordingly stretched Cardiac muscle n the pat
tern of Starhng s law responds 10 1ncrensed stretch by increased ¢on
traction and, 1n succeeding contractions resists stretch Cardiae out
put s thos mawntamed 2t of near the level which exssted before
peripheral resistance had increased dusstolic volume In this manner
fy may be considered as beginning 1n comy d car
diac dilatation to which mechanism other myocardial sumuli may
te added

The augmented cardiac effort of hypereension smplies an
dease 1n cardric wotk siace 1t umphies the teansfer of a mass the
cardiac ourpur, through space agawnst a greater than noemal resist
ance Mechanical models or physiologic preparatons such as heart
fung provide direct means of measuning cardsac work at such dif

ferent levels of resistance These measurements cannot be durectly
tetted © the pauent. Indirectt

y 't may be shown that cardiac
work 1n hypertension ncreases roughly in proporuion 1o the increase

of systohc arternal pressure or may exceed this ratto Thus an
crease of pressure from 120 80 10 240/130 mm Hg doubles the
work of the heare. The physicran can at times esumate the energy
refeased in cardiac systole by palpation of the apex beat and auscul
auon of the apical first and avruc second sounds True some of
the accenwanon of beat and sound 1n hypertension 15 the rtesult of
fotation of the apex toward the chest wall dunng left venneular
hypertrophy which smparss an added 1orensity of apical throh
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MyoOcARDIAL CONTRACTION

The mncrease i cardine work demands from the muscle fibers a
greater than normal converston of the chemical energy of muscular
metabolism into the potentinl and Minetic energy of contraction 1nd
systolic discharge The metabolic demand of the heart 15 thetefore
increased as cardiac work increases, 1€, roughly as systolic pressure
nises The physical energy of contraction 1s derived from shortening
of linked chains of muscle protein (myosin) Its chemical enercy
1s denved from oxidtion of glucose Jacuc and other fatty acids It
may be dependent on the glycogen stores of the muscle Ulumately,
by transfets of oxygen and hydrogen 1nd enzymanc decomposinon
of the substrates to carbon dioxtde and water chemucal energy 1s
relersed ind partly unlized 1n recomposing the tno esters of phos
phoric acid, phosphocreatine and adenylpyrophosphate, whose hy
drolysis more directly provides the muscle protemn with energy Cunt
ously the contricting substance myosin 1s the enzyme which at
alyzed by calerym son causes the breakdonn of adenylpyrophos
phate to provide the energy which contracts myosin The product of
this decomposition, adenylic acid 1s again bound to phosphonc
acid as the wave of contrictton passes off Since the energy of con
tracton demands the inflow of blood with 1 supply of nutrients and
of oxygen, 1t 1s of nterest that adenylic acid a product of contrac
won, 1s a powerful dilior of coronary vessels Thus at the muscle
cell itself there may be provided one of the controls which increase
cotonary hlood flow to meec the incrersed metrbolic demands of
hypertension

The carltest means of adiptinion to hypertension namely, 10
creased diastolic volume with streeching 1nd consequent incresed
contraction of muscle fibers we have already noted Later adapta
tion 15 outwardly mamfest 1n two changes either one of which may
predomunzte 16 indvidunl prnents The more common 1s hyper
trophy and hyperplasit of the muscle cells 2 process in which the
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cells wncrease both 10 indridual sze and i sggregiee aumber so
that the mass of cardhac muscle 5 enlarged. A deepet stronger cham
ber 15 thus provided 1n the pump and cardia¢ output 15 mantuned.
Another avenue of adaptanon and one whuch cmieally seems fess
effecuve, 15 the onset of tachytardia A sapid heant rate maues e
pressure at which blood 15 discharged and mag mamtatn the autput

aganst increased tesistance but only by encroaching on myocardial
feserve

HYPI RTROPHY

The rature and ongn of hypertsophy 1 stll a vexed and puz
2hing quesuon and one which carnies s jnto 2 consideranon of the
late and damaging end results of hypertension

The analogy with the blacksmuth s biceps 15 obvious but disap-
POWBOE 1t 3 Dot at alf certam that increased cardise work slone
accunts for hypertrophy Even grantng wark as the ulumate sum
wlus to the growth of cardsac muscle questions tegarding the natee
of the proxumal sumul which act directly on the cells remain
Trophic nersons wfluences are not readily excluded.

Chermeal sumult for example the metabolic producss of
creased work and the hyperemus whih muse accompany 1, may
operate 1n part. The most probable sumulus 15 thar which first
caused the fibers to respond with 1ncreased effort 1€ therr stretch
t7g by an actuat or porential screase of diastehic cardie volume
Since the hear a5 2 v hole and mote so the left venteicle mereases
1 size with growth 1t may be argued thar hypereraphy s 2 physt
ologic process Convicuon 1s given the argument by the demonstra
tian that myocardual fibers increase i number and diemeter The
Bhets of the hypertrophied heart ate ke those of the normal gdule,
sull supphied by 2 capillasy The deviaton of hypertrophy from the
natmal pattern lies 1 the fact that the excessively large muscle fber
18 noursshed by 2 capllary of only moderare aren Because of this
dispropornan the rapid wransfer of nutrieres and metabolnes 15
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slowed and function 15 jeopardized Briefly the process 1s one 1n
which the hypertrophying myocardual fiber outgrons s capillary
If this 15 true of the capillartes which distribute the blood 1t1s i
some degree true of the arterses which bring the blood Normal car
diac growth and maturation are accompanied by corresponding
increases mn size and capacity of the coronary arteries during hyper
trophy the artenies do not grow but as we have seen usually
undergo accelerated regressive and occlusnve change The hypertro
phted heart then 15 erther actually or porenually sschemic Ischemn
may turn on 1self to cause hypererophy for as ischem injures the
contracule power of the muscle 1t 1llows stretching 1nd this despite
marginal nutntion stumulates growth Thus hypertrophy may de
velop during artacks of cirdiac farlure or when the heare is perfused
with venous blood from 1n wbnormal ongin of the coronary arrenes
1 the pulmonary In this manner there 1s created 1n by pertension 1
vicious circle of hypertrophy 1n which the adaptive response mjures
the nutrition of the muscle 1nd the perverted stmulus of stretch
ctuses rowth toward weikness rather than toward strength

MyocarDIAL ErriciENcy

In hypertension we have at the outset to deal wath 1 heart work
1ng under a diswdvantage 1t more than 1 normal pace for 1ts load of
work 1s incrersed and 1ts blood supply ts dimimshing The sitwaton
1s analogous to that of 1 motor whose load 1s mereased which can
not be temporasily replaced for repur and which once sulled 15 of
no further use The hearts tolerance of these mjuries depends on
the efficiency with which 1t continues to work efficiency being un
derstood as the amount of worh done per unit of energy consumed
The 1solated mammalian heare hns an efficiency of about 10 per cent
(steam engine 10 electtic motor 50) Datr for such cilculations
are not avulable for mntact animals or human bemngs However an
sndirect approich permits an estimate of the cconomy of cardiac
effort 2 value which expresses the ease wich which the heart meets
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changing demands for work Comparison of values for this mdex
\n pormotenstes and hypertensnes indicates that the heart 10 un

complcated Bypestension does sts Jarger shase of work with less
dan a proporuonat expenditure of effore. The heatt of the hyper

ensive 15 at first more tather than less efficient It has st seems
adapted to increased work along the patrern of increased efficiency
adapted by the trawmed athlete of the experienced mdusttial worker

But while 1t 15 2 more efficient converter of energy o disadvan

tages have been mmposed on 1. One 15 that the heart has reduced
1ts margin of capacsey fot 3 further inceease 1 wotk by settag the
basal level 10 what before the onset of bypertension was the zone
of carduc reserve Anather and mote senous disadvantage 1s that
mtreased work however effieny, bungs intreased wear and 2
greater Iikeihood of early breahdown The sccumulared effects of
tachycardia arterial wsuffictency capillary madequacy and loss of
myocardual Aber here and there 2dd hidden Joads These ultimately
reduce the Ievel of efficiency below the normal so that the heart
fails prematutely The heart cannot eat 15 cake and have 1 wo Bat
during the phase of adjustment o hypertension 1t eats a little cake

Added (0 these dable tolls of the hyp € process 13 the
fact that anxiety so common among panents with hypertension has
pronounced effects i whipping up the outpuc of the heart

IV THE ELASTIC ARTERIES

The elastic arteries should be thought of topether wth the heart
because they are usually exammed at the same nme 20d because
their dsorders mumic those of heart disease

These artenies whose walls are composed predominantly of
elasuc fbers are the aorea pulmorary 1anominate and subclavizn
arteties and the proximal porton of the common caropds Int chem
at elsemhere structure s the murror of funcrson The elasuc nssue
of they walls permus them o expand ke elasuc bellows and 10
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slowed and funcuon 15 jeopardized Briefly the process 1s one m
whch the hypertrophying myocardual fiber outgrows its capillary
If ths 1s true of the capullaries which disteibute the blood 1t 15 1n
some degree true of the arteries which bring the blood Normal car
drac growth and maturation are accompanied by corresponding
increases 1n size and capacity of the coronary arteries during hyper
trophy the arteries do not grow but as we have seen usually
undergo accelerated regressive and occlusive change The hypertro
phied heart then s esther actually or potentaally 1schemtc Ischema
may turn on stself to cause hypertrophy, for as 1schemia injures the
contractile power of the muscle st aliows stretchung and this despite
margnal nutrition sumulttes growth Thus hypertrophy may de
velop dunng attacks of cardiac failure or when the heart 1s perfused
with venous blood from an abnormal origin of the coronary artertes
in the pulmonpary In this manner there 1s created 1n hypertension a
vicious circle of hypertrophy n which the adaptive response snjures
the nutrinon of the muscle and the perverted sumulus of stretch
causes growth toward weakness rather than toward strength

MyocarpiaL ErriciCNcy

In hypertension we have at che outset o deal with a heart work
ing under a disadvantage at more than 1 normal pace for sts load of
worh 15 increased and 1es blood supply 1s diminishing The situation
1s analogous to that of 2 motor whose load 15 increased which can
not be temporanly replaced for repair and which once sulled 1s of
no further use The hearts tolerance of these mnjuries depends on
the efficiency with which 1t contnues to work cfficsency being un
derstood as the amount of work done per unit of energy consumed
The 1solated mammalran heart has an effictency of about 10 per cent
(steam engime 10 electric motor 50) Data for such calculations
ate not available for inact animals or human beings However an
indirect approach permuts an esumate of the economy of cardinc
effort  a value which expresses the ease with which the heart meets
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volume Thus 1f aortic dilatatson and foss of total elasucsty proceed
at equal pace systolic pressure may remain gt notmal levels while
dustolic pressure tends to 2l But 1f lost elastiasy exceeds disten
von sysolic pressere nses and che wude pulse panern of semile
hypettension 1 established.

“These changes of sentle fibrosss are not themselves very harmful
However 1 elasuc artenses as n the coronanes a thickening inuma
provides a lodging place for athesasclerone deposits Aoruie athero-
sclerosss 18 therefore common among notmotensives st the fourth
and §fih decades It develops 1 2 fauly uoform patern bewng at
first ewident and later most severe in the abdominal sorta then 2t
the base of the ascending sortz and later 1 the descending sored at
the sues of branching The atherosclerouc plaques at first present
only 1n the 1numa extend 1 tme nto the media and Seaken the
wall. An accelerated elasuc regression 18 the presumptine basss for
cpsue depeneration of the mediz (p 110} In conuast with the
process 1n the coronary atteries the snumal plaques do not en
croach serously on the telatvely large Tumen of the vessel

EfFECTS o HYPERTENSION

In bypestension the eathest change produced 1o the soma s
ptobably 2 contraction of 1ts scant muscular tissee This wauld de
aease the volume of the storage reservoir and thus mcrease systolic
pressute The contribution of 2ofuc constriction 1o increased artenal
pressure 15 not known In some panents whose perpheral reststance
® 1ot wcreased 0 propotuon 10 the increase of argerial pressure
3‘ lrmy be imporant, But 1 most patients 1t 15 counsered by aomic

ATALS
i m:h d:: 1o fibrosis and tensile strerchung Thus concetn cests

e wich the effects of hypettension on elastic vessels than with
therr functions as cansal agents

These effecrs may be summanzed 1n the statement that hyper
tcnsnox(\ a:;:kxates the progress of senescence and speeds the forma
won of atheroscletoys

0 that elastic vessels of the hypertensive are
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hold a large part of the blood which enters them 1n systole so that
perspheral arterses are spared a sudden increase n pressure nd ise
1 rate of blood flow As pressure falls in diastole, the eltsuc walls
rebound like springs and force the blood on A umiform speed of
petipheral blood flow 1s thus maintamned In this function of systolic
storage and diwstolic discharge the aorta, because it 1s largest and
nearest the heart, 1s the most significant It 15 also the most com
monly discrsed

SENESCENCE

Llastic tissue the vital rubber  as Gideon Wells called 1t wears
and, with the passage of tme and effort, comes to a pornt where 1t
does not replice stself Some have hypothesized that this tssue loses
1ts growng power at about 60 years of age whereas connective tissue
can reproduce 1self mto semlity Whether or not this concept 15
valid 1t has value 1n considenng the Iife story of elasuc artenes
Their age changes are not unhike those of the coronary muma In
the infants aorta the elastica nterna splits and subendotheltal fi
brous ussue forms This elastic splittng continues outward nto the
sparsely muscular medin unul with the pissage of ume, elastic
ussue 1s lost and fibrous tssue replaces 1t The vessel then begins to
lose the quality of elasucity, so that it distends less castly 1n systole
and fails to restore 1ts volume 1n diastole As a result of lateral pres
sute and weakened circular elastie bands the ~orta mncreases 10
cross sectton Becuse of longitudinal pressure and disrupted long
tudinal bands 1t also increases 1n length and having fixed pomts
becomes tortuous

With decreasing elsucity goes impairment of the function of
alternate storage and discharge of blood Since the systolic volume
of blood cannot quickly be recenved elsewhere systolic arterial pres
sute tends to tise and since elastic rebound 15 diminished diastolic
pressure usually falls If dilatation 1s marhed even a slight abthty
to stretch 10 systole may permut a considerable increase i storige
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and that aithough the capacity of such patients for ardinary work
1 not decreased their vial capaaity 15 commonly teduced from a
aotmal 2500 ¢ per square meter of body sutface 0 1900 c¢ This
snereased podmonany blood volume may express 4 pattal failuse of
lef ventricular adaptaton to the strain of sncreased pressure or as
seems mote Iikely an increased effort of the nighe venticular mus
cle which throws blood into an easily distended system of channels

V PERIPHERAL VESSELS

Blood leaves the storage bed of the elastic arteries 1o enter ves
scis whose funcuon 15 to channel us distbunon Nervous and fu
moral agents modify the volume of this distnbunon according o
tssue need and systemic reaction The walls of the distubuung
chanaels are therefote predominantly muscular The blood enters
some of them at streamlined angles which nexher greatly disrurb
the smoothness of flaw nor dutort the mural stucture Such ves els
the tliacs below carouds and subclavians above show a tmasiion
from efasue to muscular gpe Visceral aoruc branches differ sn that
they ate short the angle of thexr exiras acute the seream 1s tutbutent
and the change from elastic to muscufar ussue 1s abtupt The acute

branchings ate sites of predilection for atherosclerouc deposits which
therefore are seen here early

MUSCULAR ARTERIES

The radial & 2 typical musculac artery and also the attery wath
whuch the physican 1s most familar Its wall 1s composed largely
of musle cells the tntima 1s thuo and the elastic tssue largely seg
tegueed 1 slendes sheers The wall 1 fichly snnervated and highly
responsive to nervous tnfluence so thit spasm spreads ceadily along

1t Indeed spasm of ws digieal branches of diserbution seems to un
dethe he pheromenon of dead hngers Possibly other muscular
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old before their tme Here note should be made of the varible
resistance of the vital rubber to age and wear and this not only
between indivsduals but also between arterses Thus there 15 no nec
essary correlation between the severity of 2ortic and coronary arterio
scleross 1n the same patienc although the two processes usually
advance together

A common result of hypertension 1s that the aorea dilates and
becomes elongated so that 1ts pulsation 1s apparent 1n the supra
sternal fossa The nnominate artery—and this more commonly m
females—may dilate and present as a mass beneath the sternoclerdo
mastord muscle Ulumately the accidents of sersous disese may
volve these vessels particularly the aorta 1n partial or complete
rupture

THE PULMONARY CIRCULATION

Essentin] hypertension at its outset 15 from the hearts point of
view lopsided for it anses in the circulaton of the left and not that
of the right ventricle Pulmonary hypertension when 1t occurs 1
essentral hypertenston 1s a result either of left ventricular failure or
of obstructive pulmonary artersal disease If we pose the question
why 1s the pulmonary circulation spared the sumulus which affects
the systemic circulation the answer 1s that probably it 15 not spared
the whip but rather fails to respond to 1t

Pulmonary arterial pressure is normally low about 30/10 mm
Hg, the arterioles of the lung are not highly muscular structures lihe
those of the pertpheral circulation the power of the night ventricle
1s much less than that of the left Thus a vasoconstrictor stmulus
which would greatly increase systemic artetsa] pressure may cause
lietle or no change 1n the pulmonary circurt

Measurements of pulmonary arculation ume m uncomplicated
cases of essential hypertension ndicate that there 15 no retardation
of blood flosy Wesss and Ellis obtained evidence that the lungs of
hypertensive patients contain more than the normal volume of blood
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and thar although the capsary of such pacents for ordinary work
s not decreased there wital capacury 1s commonly reduced from a
notmal 2300 ¢ pes square metet of body surface to 1900 cc This
mcreased pulmonary blood volume may express 3 parual failure of
left ventmicular adaptzuon to the stram of increased pressure or s
seoms more Lhely an increased effore of the nght ventrcuar mus
e which thross blood 1o an easily distended system of channels

V PERIPHERAL VESSELS

Blood feaves the storage bed of the elasuc atrenes to eater ves
sels whose function 1 to channel ns disteibution Necvous and hu
moral agents modsfy the volame of dus dustnbunon according 10
ussue need and systemsc reacnon The walls of the distbuuar,
channels are therefore predommantly muscular The blood enters
some of them «t strearnlined angles which nesther greatly disturb
the smoothness of flow nor distort the mural structure Such vessels
the thiacs below carouds and subclavians above show a transimon
from efasuc to muscular type Visceral aornc branches differ ia that
they ate short. the angle of thewt exit s acute the stream ts wrbulent
and the change from elasuc 10 muscudar nssae 15 abeupt. The acute

branchings are sies of predilection for atherosclerouc deposits which
therefore are seen here early

MUSCULAR ARTERIES

The radial 15 a tvpical muscular artery and also the artety with
which the physician 15 most famibiar Jis wall 5 composed largely
of musile cells the intma s thia and the elasuc ussue largely seg
tegated m slender sheets The wall 1s tichly snnervated and highly
SSPOnSIVE 10 nervous influence so that spasm spreads feadsly along
1 Indeed, spasm of wts digreal branches of distribution seems to un
deche the phenomenon of dead fingers Possibly other muscular



126 ARTLRIAL HYPERTENSION

old before their ume Here note should be made of the varrble
resistance of the vital rubber to 1ge and wear, and this not only
between individuals but also between arteries Thus there 1s no nec
essary correlation between the severity of aoruc and coronary arterto
sclerosts 1n the same pauent although the two processes usually
advance together

A common result of hypertenston 1s that the 1orta dilates and
becomes elongated so that s pulsation 15 appatent in the supra
sternal foss1 The nnomnate 1rtery~—and this more commonly 10
females—may dilate and present as 1 mass bene1ch the sternoclerdo-
mastord muscle Ulumately the accrdents of serous disease may 10
volve these vessels, particularly the aorta 1n paronl or complete
rupture

THE PUI MONARY CIRCULATION

Essenual hypertension at 1ts outset 1s from the hearts pont of
view lopsided for 1t arises 1n the circulation of the lefe and not that
of the right ventricle Pulmonary hypertension when 1t occurs 1
essential hypertenston 1s 1 result exther of left ventricular failure or
of obstructive pulmonary arterral disease If we pose the question
why 1s the pulmonaty arculiuon spared the sumulus which affects
the systemrc airculation the answer 15 that probably 1t 1s not spared
the whip but rather fails to respond to it

Pulmonary arternl pressure 15 normally low about 30/10 mm
Hg the arcerioles of the lung are not highly muscular structares ke
those of the peripheral circulation the power of the night ventricle
1s much less than that of the lcfe Thus a vasoconstrictor stmulus
which would greatly increase systemtc arterral pressure may cause
little or no change 1 the pulmonary ciccuse

Measurements of pulmonary circulation tme 1 uncomphicated
cases of essential hypertension indicate that there 1s no rerardation
of blood flow Weiss and Ellis obtuned evidence that the lungs of
hypertensive patients contain more than the normal volume of blood
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ARTERIOLES AND SMALL ARTERILS

The state of small artenes and artenoles 15 especially significant
In them arse the increased perpheral resistance that chacaceerizes
essential hypertension the extracardiac disabifities inaident to the
disease and the preponderance of its hustologic changes

Since these small vessels are composed almost wholly of muscle
muscular hypertzaphy 1 the ordimary concomstant of hypertension
and fibrosss here as 1n the heart 1ts sequel ‘Thus the charactenisuc
change of hypertension 15 medsal But, as in larger vessels changes
of senescence concentrate 1n the intuma Here 1t begins wth splitung
and increase of elasuc ussue and subsequent deposition of hyaline
The hyalme matenal deposits eccentnically and 1 srregular seg
menwal fashuon As the process advances 1t extends into the medi
and replaces it and 1nto the lumen which 1t parually obstructs Such
severe hyalinizauon in senescence 15 10 nosmotensnes fimited to
spleen and pancreas In somewhat larger vessels intermediate be
meen attenoles and small artenies severe hyalimzanon apparently
utrimtes the endothelm causing 1t to proliferate 1nto the lumen.
The sequence of these intuimal changes tepresents mnvyolutional ar
tenosclerosss and atherosclerasis as they are modified 1n appearance
1o munute vessels This interpretanion 1s confirmed by the fact that
lke atherosclesosis hypertension ordinanly causes these changes not
to assume a new character but to be accelerated and diffused

‘The accelerated inumal and medial arteniolar fegressions due to
e koo o b o s b ol 2 1
conspicuous part of the vessel Ths ines et o bocomes & more
: N rease of the ratio of nall 10
umen may be by averages of made from
axterioles 1 blocks of ussue (Table 6) From these values 12 il be
seen that 10 hypertension the severest changes of this sort occur
spleen and hadney and the least 1n the hearr, Further in the sp[eel:
although increased by hypertension the phenomenan 15 found 1n
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arterses may be sumilarly affected, so that similar neurogensc spasm
may underlte some stregularly occurring gastromntestnal complaints
of hypertensive patients These spasms may appear 1n the absence
of hypertension They are evidences of vasomotor dysfunction and
not patt of hypertension as such

As the radial artery ages, the course of its change 1s an attenu
ation of that described 1n the coronary artenies Splitung of the
elasuc lamina does not begin untl age 20 or 30 Subendothelial
deposttion of fibrous rissue 1s delayed unul the fifth decade and never
reaches the degree concurrently present tn the coronaries In fact, the
thickest radual astery of the man of 65 years or more 1s comparable
to the coronary artery of the youth of 20 Atherosclerosss when
1t appears 1n this or sumlar vessels, 1s nerther extenstve nor sig
nificant Medsal calcification 1s common  especially m those accus
tomed to manual labor Apparently because of 1ts relation to physt
cal movement, calafication 1s always more common 1n the vessels
of the lower than of the upper extremity But mn nether site does «
often impasr the function of the vessel by leading to occlusion In
contrast medal calcification 1s uncommon 1n the coronaries, ocqur
ring 10 about 10 per cent of adults Thus the state of central artenes
notably the coronaries cannot be esttmated by radel palpatron

The quality estimated 1n the sensation of radial thickening 1
obscure In senescence 1t 1s not an mumal change 1t may express
medial calcfication and fibrosis In hypertenston 1t indicates the
tonic contraction of the vessel for muscular arterres like muscular
artertoles are constricted by this disease Connnued arteral worh
Jeads to hypertrophy and some fibrosis these also may be apparent
to palpation Clearly radial thichening does not desesve the empha
sis which some clinicians have placed on 1t

The disease patterns of other muscular arterses such as the
brachial and femoral are much the same as those 1n the radia! To
the bractual artery the common site of estmations of artenal pres
sure, we have referred
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of the lesion supgests infecvion but tachet because 1¢ 15 1 appearance
snfarmatory Enhet artenolar change leads to occlusion and exu
dute forms atound the necrouc areas extending oug info tssues
whose blood sapply 1 suil mract and chohing them oft as fames
pass from one cronded house 0 another

tn essence the difference berneen essential and malignaot by
pertension 15 the difference betneen sclerosts and necrosts between
aging and death A necrotzing vasculat change occurs 1n normal
people 1n ateas of inflammation and i the uterus during involution
By analogy wuth urenine arterioles the vascular lesions of malignant
hypertension may be viewed as a sort of 1ntensely accelerated regres
sion white by anatogy with aritrioles 10 atess of inflamemauon the
patuapanon of toxic products of ussue decampostaon may be sup-
posed. In th. fatter connecton there 1s goad evidence that vascular
fesions stmufar to those of malignant hypertension may be nitiated
by the injection of tissue extracts particularly extracts of renal tissue
Thus maligaznt hypertension may tepresent the introduction mto
che pattern of fiypettenmon of an obscute angiotoxic factor Since
these changes are most common aand severe 1 the Lidneys where
they cause widespread injury attention has concentrated on the asso-
cunon of this type of injury with renal failure Under Fahe the con
cept has crystallized snso that of malignant nephrosclerosts
wrm which the

a
ce of g J
and renal farlure Bue maost observers agree that ws precsse mstclogic
delimitation 15 difficult Especually should 1t be pounted out that a
fenion which ronse mevitably cause severe renal ey will at the
end of 1ts course often be assoctated with renal falure This haw
ever 1 not evadence ghat cenal fadute 15 cause of the arrenolar oo
son Nevertheless whatever 15 ongin the lesion soon reduces the
perfusion of vital nssues and impaes thewt function and thus under
Ires the rapid and destructive course of a disease 1 which 1t 13 as o
the artenioles were tres m a forest on

fite In such cases the phase
of vascular wdjustment 15 necessanly brief
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norml people as part of the regression of lymphord tissue, but m
the kidney, the change 15 almost a charactensstic of hypertension

The changes thus far considered although they go on ultimately
to obliterition of the vessels and deith of tssues beyond progress
slowly However other patterns may appear whose character differs
shatply from the accelerated arteriolar senescence of most hyper
tensives These changes are therefore almose pathognomonic of hy

TABLE 6 —RATIO5 OF WALL TO LUMEN IN ARTERIOLES OF
NORMOTENSIVES AND HYPLRTINSIVES

HYPLRTINSIVE (ROUP
SITE EXAMINED AuTiior I NORMAL, W hole
3 4 Group_
Myocardium Odel 048 051
Pancreas Morlock 041 062 | 077 | 084
Liver Morlock 043 059 { 077 | 09
Gastrointestinal [Morlock 047 | 064 | 086 | 088
Spleen Morlock 075 | 081 | 092 | 096
Kidney Cain 052 14 | 09
Brain Rosenberg 0285 058
Muscle hernchan et al 05 09
'Wagenerand Reith| 05 076 | 076 | 083
Heyerand Reeton | 05 096
Foa Fosand Peet | 06 18
Monitz and Olde 053 074
Skin Farber et al i7 065 | 060 | 065 | 072
i)

Groupiogs 2 3 a d 4 baed on cl ss ficazion of Ke th #nd Wagener (p

pertenston and especially of malignant hypertension Usmally at
younger ages and alw1ys with a rapid downward course the artert
olar changes become cotrespondingly more severe and diffuse The
smallest artertes exhibie widespread and mtense occlustve snumal
endothelial proliferation The arterioles instead of passing slowly
through hypertrophy and sclerosts with mumal hyalmization de
velop sweeping changes m structure In a less intense phase the
whole vessel assumes the character of fibrinoid necrosis, 1n which the
cells die and are infilerated with fibrin ke material 1n a2 more
severe phase the cells dte and become mfiltrated with exudate con
mning red and whiee cells a process called necrouzing arteno

F e e T te1e 101 thie e 16 miven natf because the character
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of the lesion suggests infecuon but rathet because It 35 1 appeatan<e
inflammatory Lsther arteniolar change feads 1o occlusion and exu
date forms sround the necrouc areas exsending O INID EsSUES
whose blood supply 15 sull sntact and choking them off as fames
pass from one crowded house 1o another
In essence the difference berneen essennial and mabygnant by

pertension 18 the difference berneen sclerosis and necrosss betneen
apng and death A necrouzing vascular change occurs normal
people 1 areas of inflammanion and 10 the uterus during imoluon
By analogy with utenne artessoles the vascular lesions of malignant
hypertension may be viewned as 2 sort of antensely accelerared regres
sion while by analogy sth artenoles 1n areas of taflammaton the
paruapaton of toxse producrs of ussue decomposition may be sup-
posed [ this latter connecson there 15 good evidence that vascular
lesions sumular to those of malignant hypertension may be instiated
by the mjecton of ussue extracts parrrcularly extraces of renal tissue
Thos maligaant hyp may

the pattern of hyperteasion af an

the @eroducton t0
obscure angrotoxse factor Since
these changes are most common and severe 1n the kidneys whers
they cause wsdespread injury artention has concentrated on the asso-
aatson of tus type of wpury st renal farture Under Fahr the con

cept has ceystallzed into thas of maligrane cephroscleross &
term which presupposes the coexustence of necrotizing atteriolis
4nd renal fafure But most obsens ers agree chat yrs precsse hustologic
detimrtanon 15 difficule. Especsally should 1t be pointed ouc (hafz
fesion which must meviably cause severe senal mjury wilt ac thy

end of 1ts course often be associated wuth teral fastore Ths by y
ever is not evidence that renal faslure 15 cause of the arserso} W

sion Nevertheless whatever s ongmn the lesion soon rcdu?:: tl}fe

rr(umn of vital ussues and smpaurs there funcuon and thus unde;
1es the rapid and descructive course of 7 disease 1n which :
the artenoles were trecs 1 a fores: e

t on fire In such
of vascutar adyustment s necessantly brief uch cases the phase
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Thus far we have dealy largely with the histologtc character of
the arteriolar changes visualizing them i the dimension of a husto-
logic sectton, whereas 1n patients they re three dimensional Viewed
thus, at the outset of hypertension, depending on the patents age
the arterioles may already be the seat of minor degrees of regression
Here and there ate areas of fibrosss, permitung the wall to dilate
and the vessel to stretch and become tortous while 1n some areas
there are 1rregularly disposed plaques of intrmal hyaline These se
nescent changes 10 normotensives occur 1n order of decreasing ¢t
dence 1n the spleen, pancreas adrenals, gastromtestinal trace, bramn,
muscle liver and 1n about 6 per cent of cases, 1n the hidneys Be
cause they are chinges of senescence, they increase with age but
ordinarily do not threaten Iife When to ths process hypettension 1s
added, the arterioles become constricted and the persistent constric
tion leads to hypererophy Hypertrophy 1n turn leads to fibrosis
while mumal changes 20 on and begin to close the lumen Thus
the arteriole at first strmghtens and thickens later shows irregulanity
of outline and perhaps aneurysmal dilatatrons while the lumen 15
encroached on and finally closed This sequence of change the result
of hypertenston 1s most common tn the spleen kidneys and adrenals
and less common 1 the pancreas gastrointestinal tract skeletal mus
cle and brain But 1n considering the incrdence of such lesions m
hypertension 1t 15 1mportant to note that most observations have
been made 1n pattents who have succumbed to the disease so that
the esumates do not apply numerically to Iiving hypertensives and
espectally they do not apply to patients in the stage of adjustment
to the disease However 1t 1s during this period that these changes
begin and that upon them form the sequelae of local and sstemc
tyury Further the severity of hypertensive arteriolar change at
death reverses the rule of normotensives and 1s less severe as age 10
creases Apparently the acute reactvity of the vessels decreases wath
advancing age although the tendency to sclerouc and hyaline
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changes may be d Hyperx 1s therefore more often
seere and malignant in younger people
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9 Climenl Considerations 1n
Early Hypertensxon

e

1 THORACIC ZONE

HEART (ORONARY ARTERIES and aofta Sive rise to SO many Symp-
toms and sighs m common that they form a unxt for purposes of
examinaton and teeatment

By defimition symptoms of orgamic cardiororuc disorder cannot
be due to hypertension 1n the phase of adaptation But senous
sometmes fatal disotdets of the coronary arteries may appeat early
1n the course of hypertension and are more probably naidental than
sequenual Thus coronary thrombosis and myocardial infarction
Ty occur at any age and m the young ate mare o be assocated
with overnutrition of defecuve cholesterol metabolism than with
hypettensive vascular disease Bur once the diagnosss of essental
hypertension 15 established clinical disunction berween the artersal
dusense 1t causes and that which may occur independently 1s difficult.

CarpiaC NEUROSIS

‘The early symptoms of hypertension have the general pattern of
diffused anxiey and are, conditioned more by the patent s personal
uy than by the nature or seventy of his dusease Symproms are often
MO severe m pavents whose functional and structural distusbance
of circufation 15 feast important One form 1 which they appear 1s

135
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cardiac neurosts The term 1s not well chosen It seems to have been
mote the expedient choice of the busy practitioner than the deliber
ate concluston of the psychiatrist As commonly used 1t has two or
more meanings In one specific sense at refers to a somatic ansiery
neurosis whose psychic pattern 15 not necessarly consciously associat
ed with the heart but whose symptoms are those of cardrac disorder
without hypertension These group themselves in the pattern of
neurocieculatory asthenta or  effort syndrome  In this meaning
the term has no more than ictdental assoctation with hypertension
Studses by Friedman 1nd by Cohen and others with Stanley Cobb
have now greatly clarified 1ts nature as a basic constitutional defect
which becomes manifest under stress In quite another sense but
with stmular phystologic change the term  cardiac neurosss applies
to anviety, present consciously or unconsctously 1n a patient who
has hypertenston or other organic heart disease and which has come
10 be centered on the heart It 15 1n this sense that the term applies
to our discussion

As we have seen many hypertensive patients have a full load of
doubt fear and anxiety which they ate only too willing to ratonal
1ze at whatever cost to themselves, around the heare In varying
degree this 15 the case with most people hypertenstve or not for the
heart 1s full of emotional meaning Any threat to 1t 1s profound and
altogether unacceptable People who will receive with perfect com
posure the information that all 1s not well with the hiver hidneys
or stomach can be shaken to the core by a hunt that the heart 15 en
dangered A neurosis can thus be 1nitiated which 1s stmilar 1o hind
although not usually 1 degtee or depth to that of neuroctreulatory
asthenta

Cardiac neurosis may be precipitated by the mus statement under
staternent over statement or over dubtous statement of the exam
g physician He may musstate by wrongly suggesung the pres
ence of heart disease 1n word ot deed eg unexplained and unindt
cated admunustracion of digitalis or other cardiac drug He may over
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emphasize the effects of hyperten.ion on the heart perhaps by a 1o
sohicitous demand for further study ot by a disptoportionate taeerest
1n the heatt during examination. In understatement the question of
heart dusease may be dismmssed wahout what seems to be adequate
consideranon Possibly suzest of all the neurosss may anse 10 doubt
created by the physiaan who maintans and reveals an aur of honest
indecision This may prompt hum o say 1 do nat think you have
heart disease It 1s safe to assume that every pauent with hyperten
sion 15 susceptible to this neurosis A arcamspect manner and or
dered routme of examination ate the means of avoiding the pufalls
we have d After the prel y study 15 complete when
data are at hand which sausfy the physician that hus estimate 15 cor
rect, when by the contact of hustory tahing and examinanon the
patient feels bound to the physicran and 1s convinced of his intesest
and ability the time has come fot the physician to tell lum, There
1s nothing the matter %ith your heart  In the absence of pre-exisung
catdiac neurosis the staterment wall be received 1n good faith
There temain to be prevented those cardiac neutoses which may
develop outside the physican s office pethaps imstanvely from con
tact with a case of heart disease 1n the home ot 1mmediate socia
arcle perhaps from symptoms which direct attention 10 the hear
dunng a prolonged and profound I disturbance Thes
tientoses may be prevented by the patient s trust 1n the prior advic
and examinaton Indeed the physician who hears that somethun
has happened to tus pavent which might preciprate such 2 neuros
s yusufied 1n supgesting without reference to the event an earl

visie during which he histens to the Pavents story encourages an
reassures fum

The diffculty wn treatment of established cases varies with 1}
wntensity of the underlyng anxety and the ume duning shich 1
pavent has comforted himself with the beltef that he 15 the victs
of heatt disease When the neurosss 1 intense psychirne assistan
may be necessary although as Weuss potnts out  generally 1t 1s ¢
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attending physictan who must assume the responstbiliy and cate
of such patients In this, the atticude of the physician 15 as impor
tant as that of the pattent A few patients will be content after 2
thorough review, with explanation and reassurance But most of
them will sull have to gam insight 1nto the emotonal orign of therr
symptoms

Two factors contribute to persistence of symptoms one 1s farlure
of emotonal acceptance, the other, poor physical condiron the
result of having lived as one 1n cardiac failure Because of physical
weakness and possibly of malnutrition due to (Il adwised and fad
dish dret effort may cause him to be short of breath or to ure eastly
Doubt returns and the syndrome persists Complete functional resto-
ratton of such a patient must be gradual 1f he 15 to avod this diff
culty and it must be coupled with renewed assurance and explana
tion His first tasks will be easy and the encouragement direct In
setung out on this pattern Weiss suggests tno useful sentences
Oness This much we hnow you can do and you must do 1t regard
less of how you feel The other I will accept the responstbility for
anything that happens to you does not carry much conviction o
the legalistie mind but 1s often persuasive

Drugs have htle place i the teatment The cardiac drugs
such as digitalis and aminophy lline which the patient may have been
given are withdrawn once the diagnosts s made and accepted Any
drug used should be clearly understood by the patient to be a palli
auve crutch which has nothing directly to do with hus heart Mild
sedatives with prolonged action such as phenobarbstal and  hyper
tensive mixture  (p 103) will be useful as occasionally will thio
cyanate or a mixture of bromide and thiocyanate The general reort
entation of regime and outlook dvised for hypertensives may be
sufficrent to alleviate symy In many mod smoking will do
more to relieve tenston than to provoke symptoms In some whose
neutosts focused on the heare because of archythmias related to the
use of coffee or tobacco limitations 1n their use will be prescubed
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with the explanation that, because of ther duection of emorion
the heart the heate 18 temporatily sesitt ed to therr action Lumita
vion of consumpuon of coffee s eanly endured but some may find
restrictions on the use of tobacco mote dufficult than 1ts interdiction
Should this seem the case the physcan should seggest 2 substitute
means of oral graficaton suth as eatng candy ot chewing gumm

EXAMINATION

The putpose of the exarmnation 15 to discover the extent to
which the heart and great vessels depart from the pastern of com
plete adaptanon 1n the duection of falure This informanion 15 ob-
mined chiefly by measunng the size and esumanng the quality of
these structuges The examnation follows the usual outhne anam
nesis (with guarded and dexterous nguiry as to familial heart dis
ease) and physical and faboratory examination

Physt al examaration —lnspection and palpaton togethet serve
the examner well A reluble mndex 1o cardiae hypertrophy 15 the
poswon of the apex beat Tts absence even when the patenc leans
fornard does not exclude hvpertrophy in petsons wath thick cbese
or emphysematous chests Much of the early enlargement of the Jeft
senteicle occurs laterally and posteniorly 1n the chedr, so that the
apex 15 fotated neater the chest wall The posiuon of the apex bear
need not be shafted laterally at firse The botdets of cardiac dulness
natoriously difficult 10 establish may seem and 1 fact may be of
normal conour Of course the contour 15 often unconsciously dis
placed lefraard and upward by the exammner once the blood pres
sute 1s haows

The character of the apex beat has much t do with ns mterpre
taton In hypertensives m the early phase of adjustment 1t should
be forceful not only becanse the akered poswon of the heare brngs
the apex closer 10 the chest so that sz 15 superficial but also because
thete 15 added quality of thrust and heave which testifies to increased
myocardial effore. In moderare hyperttophy the beat moves down
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ward to the sixth intercostal space sts position relative to the mid
clavicular line need not chinge With further progress there devel
ops evident lateral displacement of the beat outward and downward

As with cardrac borders, percussion of para and retcomanubrial
dulness 1s not usually snformauve regarding the early response of the
norta and elastic vessels to hypertenston Inspection and palpation of
the suprasternal notch may establish the presence of undue aotn¢
pulsation, the lengthening of the aoren indicates decreased elastc
1ty A smulae pulse due to excessive aoruc filling rather than 10
duninshed response, may be seen 1n hyperthyroidism In some pa
uients, especially women past middle age, the innominnte artery may
present as 1 rounded pulsitile swelling beneath the roots of the
sternoclerdomastord muscle This appearance which may extend to
the right carotid 15 sometimes mistahen for aneurysm, which st 15
not Rather 1t 15 a local expression of elastic ussue regresston

Auscultation —The fitst sound 15 composed of vibrations set up
by ventricular contraction 1n the heart (in auriculoventricular valves
chordae tendineze and ventricular wall) and possibly by the tm
pace of systolic cheust agunst the chest Ies mtensity 1s a gude ©
the tenston developed 1n the muscle early i systole and to the
rate wath which this tension arises In hypertension the first sound
1s large because of increased absolute tension 1n mutral stenosis 1t
1s also loud but here 1t would seem to be due to a rapid rate of
increase 1n tension The loud sound of mutral stenosss has therefore
the shore character of a shp that of hypertension s prolonged and
low pitched

Among the modifications of apical sound which may be heard
i hypertensives one of great significance 15 protodistolic gallop
This 15 best heard 1n the left lateral decubstus positon An indis
tinguishable third heare sound s heard at times in healthy youths
or may appet 1n hyperthyrodism This 1s believed to reflect the
reaction of the ventricle to fillng before aunicular contraction It
may therefore appear during urscular fibrllation In hyperthyrod
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g 15 excessve bug the myocardiom 15 seldom geeadly 1
‘;::l;d n gv.he fabing hyperensive Blling may be normmal bulnl\\;
myocatdrum 15 weakened. If the heatt rate rapd, 100 per munw :
ot mmote ths thrd sound may all but supenimpose on the norma
auniculat sound, so that the sum of the two neither being easdy
audible at slower rates appears as a low pitched sound 1n 2 brie
dustole It 15 this summanon of sound which 15 believed to cause
the most common form of gallop thythm

When ihe 1ate s tow e protdiastobic sound alone wmay b
audble and this fantly so that st may be ddbeult o place 3t 1
the eycle Its uming may be established by the examuner s fixing he
attenton alternately for several beats on the first and second sound:
separately mnstead of histeung as 1 customary o the two sound
as they succerd each other In pracuce the onset of galfop thythn
due to 2 prowdiastobc sound 1a 2 patent suspected of having mye
cardaat disease confirms the suspicion. It has been called the "cry o

aheart for help” o s espectally nseful becau.e s presence may b
determuned wath no more complex mstrument than the stethoscop

Of the sounds at the base of the heart, a Joud aortic secon

saund shich conteasts wuh the pulmonic second sound 13 an &
pression of increased systemic diastolic tension The vibranoa wh
£ives pue 10 1€ may be pafpably transmutred as a drastolic shod)
when thus shock 15 cbvious the 1ncreased intensity of vibranon m:
be presumed to indicate a decrease 10 aotuc elasuaity As the aor
dulates 1nto a broad chamber eddies appear 10 the seream of bl
which give rise 10 2 systolic murmur Such murmues may otcus §
other obscute seasons so that the diagnosss of aorne didatanon fro
a systalic murmur alone 15 al { lable As ady

fost 2nd whe Yeft ventnicle begins to fail, CONgestIon INCIEases 1 ¢
tungs snd dhe pulmonsc second sound grows 1 1ntensity A chan
1 the refatnne loudness of the sognds suggests the imminence
congestive faijure thew relationship noted at the first observaty
should be recorded for future reference
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Pulsus alternans or a weahening of every other pulse beat s
best observed during the auscultatory measurement of artersal pres
sure Near the uppcr level of systolic pressure the feebler alternate
sounds may disappenr Like gallop rhythm it 1s = common eatly
sign of myocardral weakness It can be distinguished from regular
premture conteactions by an electrocardiogram

Dragnostic ards —At best evidence obtuned from inspection
ppation nd ausculeation 15 nsufficient to establish the degree of
cardiorortic change 1n the patient whose hypertension 15 10 the
early stage These methods become most useful only as adapta
tion 1s lost Further the examination leaves no permanent record
from which the developing course may be traced Electrocardio
graphic and roentgen examinations compensate for much of this
deficiency (pp 148 ff and 154 ff )

TREATMENT

Treatment of acterial nd artenolar discase 1 the stage of
adaptation 15 prophylactic The results are therefore not easily as
sessed The um 1s to remove or mimmuze factors sceming to con
trbute to the advance of arterial damage These are mechameal
strain hyperlipemia and the unknown factor(s) which controls
deposition 1nd removal of lipid from artenal walls

The participation of stram 1s suggested by the predilecuon of
atherosclerosis for points of branching and of reduced physical sup
port Increased artenial pressure increases the strain to which these
and other sites are exposed Therefore 1t may be assumed that a
lowenng of the average pressure will retard the development of
atherosclerosts The lowering of pressure depends on the trertment
of hypertension by means reviewed elsewhere ( psychotherapy
drugs dret wnd opertions) The converse nimely that the patient
with unusually high pressure must raprdly and mevitably develop
severe atherosclerosis 1s not true so that the physician need not be
concerned when high pressure docs not readily respond to therapy
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fimentally what seems 1© be gemune atherosclerosts can
be :;xoicw:ed [ty :a)‘;bus ot chuchens duting the byperfipemss which
results from cholesterol feeding Clincally, disease i which hyper
lipemza 1§ common sach as dubetes melhius nephrosss myxedema
and xaathomatosts predispose 1 atheroscleross The bouts of
hypethpemsa sbuch may develop dunng armacks of obstrucnve
jeundice may explamn some of the mconstant assocanon between
cholelthnsss and athesosclerosss Clmaal and expenmental evi
dence pomts to hypetliperia as one factor 10 atherosclerosis The
presence of hypethipema may be suggested by the mithy character
of serum withdrawn dunng fasung or measured by determunation
of serum cholesterol or hpid content The normal levels of serum

(holesterol vary widely 18 any group although they tend o remamn
the same wn any ndividual A cone

P ly preates
than 250 mg per 100 <¢ 1s evadence 1a favor of hypeshipemia

Treatment of byperiperma vanes wah s underhyng cause
In many cases msuhn atone to diabetics in hetosis wall tapidly
reduce the plosma hpid content to normal fevels subsequent
dietary cortral supplemented when necessary with wsslin wdl
prevent the reurn of the hyperlipemia Although this control may
be achueved by diets rich i fat and low 10 calonc content, 1t 1s more
easly accomplithed by lon ealon diets nich m carbohydeats and
proten and poor i fat Unformunately there s no evidence thas
such diers rerzrd the development of artenoscleso s except pos
stbly among diabencs
Duerary control 15 ineffecnve 1 the hyperhiperaa of hypothy
roidism The cardiovascular adrenal and systemec suans imposed
by the use of thyroid exeract 0 this disease provide a diemma
shuch must be solved 1 each mdividual case Two rales ad the
soluvon (1) that the provision of thyrord extract be made slowly
and 10 small doses as by neekly wmcrements from Y4 to V4 gt
(USP) (2) tha the muintenznce dose be adjusted v
justed 1

0 2 point
shere the patient feels comforeable and has lose hypethpemia but




144 ARTERIAL HYPERTENSION

where the basal metabolic rate remams somewhat under normal

Biftaty disease may be treated surgically when the indicauon
anses, palliauvely, a sumple preparttion of choleretic bile salts may
be given The dosage 1s adjusted to the tolerance and apparent need
of the gastromtestinal tract at a level just below that at which duar
thea begins Nephrouc hyperlipemia hardly concerns this discussion
since 1t 15 not often associated with hypertension The lipemia 1n
such cases 15 not affected by diets low 1n fat or by the use of thyroid
extract, but only by remission

Although control of hypetlipcmia ss desirable and may prevent
or retard the onset of atherosclerosss, there 15 nothing to suggest
that the normal plasma content of lipid 15 noxious or that athero
sclerosts 1n normal people can be affected by vanatsons in dietary
fat Indeed the postabsorpuve plasma lipid content of the Lski
mos—a people who subsist largely on proten and fat—is not high
Fat absorbed from the alimentary canal 1s rapidly deposited mn s
sue depots and during postabsorptive periods ns release from these
depots mamtamns the plasma liptd concentration Since the plasma
lipid content 15 largely mdependent of the dietary fat onc 15 not
Justified 1n el g ordinary of fat from the dict 1n the
hope of reducing Itpemia and prevenung atherosclerosis Nutrton
and palatability are not easily preserved on fat free diets They
should be restricted to occastons when they are of proved advantage

There remam unknown or mperfectly defined factors which
determune the deposition And retennion of lipd  the atternl walls
and the formation of atherosclerotic scars One of thesc 15 found ©
the specificity which permits establishment of experimencal choles
terol atherosclerosts in rabbis and not 1n normal dogs and rats
although 1t can be produced 1 dogs fed thiouracil and cholcsterol
Another lies 1 the effects of certain substances which prevent the
deposition of lipid i the atternl walls of ribbus Thus the admin
sstration of thyrord extract to cholesterol fed rabbuts prevents hyper
cholestetemia and atherosclerosts 1n normal although not in thy
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de has a sumlar preventne

souciomed. sas poussl“n(l :.{d :\e the di odwde oancmokn:
efiect. An organic preparauon o 10y
aad, nhibit. development of expenimentat atheroscleross 1 cabbies
although byperlipenua 15 unchanged ot mcreased A mmafar effect
1 atmibuted 10 potassium tuocyanate gashe ol hipocae and wath
mote hope tan belief ethyl alcobol. Among all these ¢he best e
wblished 15 10dide Whethet 1t mught act simifarly on the vessels 1n
the absence of hypethipernia 1o human bewngs 15 not known Tume
honored pracuce sancuons s use once sclerosis has developed this
pracuce had 15 origan in the treatment of syphilis and was then
wansfetred to othes cardiovascolar diseases Expersence has niot been
sufficeady tewarding to mamtamn the tradiuon into modern days
However although todide may be ineffectve 1n the treatment of
established atherosclerosis s effects m rabbuts clearly mdicate that
1 mught have value m the formative stage of the human disease
The drug 15 not otdinatly harmful 16 pharmacopenal dosage, given
10 untettupted courses of about 3 mondh the aanoying conseguences
of abpormal senssuvity may be avoided by a searching hustory and
the wse of prelmmunary small test doses Chcal trial of 1odide 15
therefore usuhiable But evidence for or against s toutine use must
come from the stdy of Yarge groups of panents und ¢ cantrolled
conduans

Cardiac bypertvophy ~Hypertrophy proceeds from avernord,
and marginally adequate blood supply capiMlaty and artersl Jos
prevention can be approached from the aspect of sarh by teduang
the deraand on the heart ar ncreasing the efficenty with shich 1t
fuactans Reducuon of demand aphies the control of hvpertension
by the general measutes recommended elsenhere 2nd by means of
subcalonc ders the reduction of weight and over all metabalism
The problem of ncreasing cardiac efficiency 15 not solved although
Swmrrs studies of the arculapon pont the way Expetimeatally
sdmostranon of digealss rerards hypertrophy and mamtams the
chemical consutuents of the myocacdium m the fate of the Joad i
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where the basal metabolic rate remains somewhat under normal

Bultary disease may be treated surgically when the indication
arsses, pllinuvely, 4 simple preparanion of choleretic bile s1lis may
be gven The dosage 1s adjusted to the tolerance and apparent need
of the gastromntestinal tract at a level just below that at whch dur
thea begins Nephrotic hyperhipemia hardly concemns this discussion
stnce 1t 13 not often associated with hypertension The lipemia 1
such cases 15 not affected by drets low in fat or by the use of thyrod
extract, but only by remission

Although control of hyperlipemia 15 desirable and may prevent
or retard the onset of atherosclerosts there 15 nothing to suggest
that the normal plisma content of Iipid 1s noxious ot that athero
sclerosts 1 normal people can be affected by varsations n dietry
fat Indeed the postabsorptive plasma lpid content of the Eshi
mos—a people v ho substst largely on proten and f1e—is not high
Fat absorbed from the ~limentaty canal 1s rapidly deposited in tis
sue depots and durmg postabsorptive periods its release from these
depots mantuns the plasma lipid concentration Since the plasmi
lipid content 1s largely independent of the dietary fat, one 1s ot
justified 1n el ing ordinary of fat from the dtet 1n the
hope of reducing lipemin and preventing 1theroscletosis Nuwtion
and palatability are not easily preserved on fat free dicts They
should be restricted to occastons when they are of proved advantage

There remain unknown or imperfectly defined factors which
determine the deposition 1nd retention of lipid 1n the arterinl walls
and the formatson of atherosclerouc scars One of these 15 found 1
the spectficsty which permits establishment of expenimental choles
tetol atherosclerosis 1n rabbits and not 1 normal dogs and rats
although 1t can be produced n dogs fed thiouracil tnd cholesterol
Another lies in the effects of certain substances which prevent the
deposttion of lipid 1n the artenal walls of r1bbits Thus the admin
sstration of thyroid extract to cholesterol fed rabbuts prevents hyper
chol and 2t} lerosts 1n normal although not in thy
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210,120 mm Hg Neuher answer 15 the wise one In the first
case the pauent will compare this value with that of others he may
Snow and often g0 on 10 costelate hus symptoms and his blood pres
sure fevel  As m all cases where men meddle with medical science
for a specal purpose having o Previous acquamtance wath it s
wmagaation found what it wanted 1 books Thus Holaes m
Else Venner The white hie 15 even more dangerous The panent
whose atrode seems 1 demand 1t wll almose ceremnly consule
another physiciap a quack or a midway manomenrist and be rold
the true fevel of fus pressure The hitde confidence he may have
devetoped will be blasted and a working therapeutic tegime snter
tupted or destroyed

The proper answes 15 newher the truth nor the hatf wuh bw
the whole truth The patent 15 wld that tus blood pressure 15 1
creased and that increased pressure is one part not the most signth
cant, a the esumate of tus condan He 15 tald how blood pressuce
varies so that differences of a few or many milhimeters— po.

mts 10
thus discu n single are not pretable and
that even the erend of pressute 1s significant only as other factors
«n be d d A d of the d berwecn

symprores and blood pressure may be necessary Thus in hot
weather the patent may feel blood rushing to tus head and be
heve hus pressuce increased when actually 1t 15 decreased On another
occasion when he feels well the level may be highet dun when
he felt unwell Such experrences may mtersupt the tendency to 1
terpret symptoms n teeas of blood pressure and 10 consider Blood
pressure as an mdex of ilness Finally he muse be convinced thar
the figures are only vseful 1n chese miterpretaton and ance diag
nosis 5 made have lidde intrinsic value 1o the physcian and none
0 him Repeated determunations made wthout comment and the
progress of confidence wall mabe the pauent content to Jeave the

values wih the physican These
are only rate exceptions 1o
expetience g e
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posed by aortic regurgitation Eventually, criteria may be defined
which will permie the selection of patients 1 whom digralis ot
some other drug may have a similar effect But such do not yet exist
and digutalizaton has been known to provoke angma when gnen
hypertensive patients not tn cardiac failure Routine use of digitaks
in pattents with uncomplicated hypertension 1s therefore contr1
indicated

Trom the aspect of the coronary circulation demonstrably ade
quate at this stage of the disease but presumably slowly detertorat
ing little can be suggested thae 1s defimte Some physicrans believe
thae some benefit 1s obtained from oral admunistration of a xanthine
vasodilator such as ammophyllme or a theobromine compound
alone or 1n combnation with a sedauve such s phenobarbital o
amytal ® The evidence for such treatment does not go beyond the
stige of clinical mpression  and the purine component when
given orally 1n small doses has been semioffictally discredited Sull
pending further evaluanon admunistranion of purine compounds
such as theobrome and sodium acetate (05 Gm 714 gt four
times datly) may be helpful 1n patients whose coronary circulation
15 10 some way or 1t some times mnadequate Enteric coating of such
tablets leads to irregular and sometimes deficient absorption

The drsclosure —The argument that the discovery of hyperten
sion unnecessarily terrifies the patient 1s ivalid The discovery miy
ternify or unsettle the physician who s uncertain 1n his own mind
and he may transmut his doubt to the patient The patents doubts
thus renforced from the very source of expected direction nd con
tro] may build up 1nto terror

Part of the embar the sphyg cretes arses
from the laymanss childhike farth 1n 1t or in almost any device of
biologic measurement and from the question he will ash What s
my blood pressure?  Three sorts of answer may be made One 1s
direct giving the exace figures Another s the white lie which
the value chosen 1s perhaps 150/90 when the observaton w1s
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fight and shade 15 50 shight that 1t 15 Recessary to Kaspect the con
tours one by one using shutrers although a prebwnunacy general
siew of the cardur sithouette should be obtained 1 each positon

The imual view 15 postetoantersor with the pauent facing the
screen Hese the nght border from the diaphragm upsard consists
of nght aunicle and ascending ota whuch farm t80 arches shghdly
converse tnterafly The feft border abave mmeals the cunned knob
of the aotuc atch below this 15 the fattened shightly concave ot
convex surface of the pulmonary attery and pulmonary conus n
terrupted at the pownt shere the convexiry of the lefe venincle be
guns This powat of separation may be found by inspeenng the thar
acter of pulsanon which in the Jeft ventrcle 15 duected mednally
and i the right upward The pomt o the lefe border of adjacent
opposite pulsation matks the upper end of the mnterventncular
septum (see the New Yorh Heart Assocation s Nomenclature and
Criteses for Diagnosss of Diteates of the Heart)

The patent 15 then observed 1n the right antenor oblique poss
uon 1 which the nghe shonlder 15 pomnted to the edge of the screen
Here the base of the shadow 1s formed by the vena ana mghe
anncle and ventnicle the antenor cune consists of right ventrcle
and conas below and ascending aorta above the posterior botdes
15 formed by the left auricle sbove and the nght auncle and nferior
venz cava below In the third pormon the left antersor obhigue
the base of the outline 1 formed by the nght ventncle and the aa
€0t curve by the nght venmcle nght suncwlar appendix and
ascending aora The postenior outline 15 formed by the lelt veneicle
below and left auricle above a small indentanion separating the tno
Ths qutline should be sepatated from the 1ertelycze by a transfuceny
space All three posions—posteroan enor nght anterior oblique
and left antertor oblique—may be necessary to sausfactary demon
stration of the course and size of the aotea

The character of the general posterorntenor contour (fiest
von) differs with body uald In petsons with hugh dr..pgmxg ni 0::
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Thus topic can be considered only m outline It 1s reviewed be
cause 1ts results will serve the physician of their signtficance 1s fully
appreciated  These examinations are best conducted and mnter
preted by 2 specialist

The conventional ridiologic methods used 1n study of the tho-
racic zone are fluoroscopy teleradiography and orthodtagraphy

Fluoroscopy permits the examuner to study many regions of the
heart 1n some detail but leaves no permanent record Teleradiogra
phy of this region 1s done by making a film ac 2 standard dis
tance of 2 m (usually 6 ft 1n pricuce) from the x ray tube The
patient s chest 1s agunst the film to obtun a posteroanterior projec
non The gap betneen patient and tube 15 chosen to limit to about
10 per cent the magnification of the cardrac shadow by the scat
tening  divergent r1ys which leave the tube Orthodiagraphy, 1
which fluoroscopy 1s made quanutative, utlizes only the central rays,
focusing them on the lateral borders and permucting the examiner
to trace the outline of the heart on a screen

FLUOROsCOPY

Fluoroscopy 1s a most valuable procedure It does not requice
the special appatatus 2nd techaic of orthodmgraphy, 1t does 2llow
the contours to be visualized 1n more than one posiion Even more
than wide experience adequate dark adaptation of the eyes 15 the
key to the method Fluoroscopy 1s not a pracedure to be done on
short notice or when time 1s pressing The purposes of physician and
patient are best achieved by making ppointments for the exam
ination of a group and setting 1side uninterrupted time for this put
pose The examiners eyes Uso enter into the method of the near
point of accommodation 1s longer than the 8-10 cm distance neces
sary for the technic If such 1s the case a clear focus can be obtatned
by the use of lenses fitted for the purpose Fluoroscopic contrast of
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Iight and shade 15 so shight that 1t 15 necessary 0 inspect the con
tours one by one wsing shusers alhough a prelimmnary genesal
vies, of the cardiac silhouete should be obtained 1n each posiion

The smtial view 15 posteroantefior with the pauent faaing the
screen. Here the nght border from the disphragm upwacd consists
of nght aurxfe and ascending aorea which form two atches shghtly
converse laterally The left border above rexeals the curved hnob
of the aortc arch below this 15 the fatened shghely concane or
comvex sutface of the pulmonary artery and pulmonaty conus 12
terrupted at the point where the convesity of the left ventncle be
gins This point of separation may be found by sespecting the char
acter of pulsaton which 1n the lefr ventncle 15 directed medually
and st the right upward. The pomt on the feft border of adjacent
opposite pulsanon  marks the upper tnd of the tervemmculas
seprum (see the New York Heare Assocaions Nomenclature and
Critersa for Deagnosts of Diseases of the Heart)

The pauent 15 then observed 10 the nght antenor oblique poss
von 1n which the nght shoulder 15 pomnted 1o the edge of the screen
Here the base of the shadow 13 formed by the vena cava mght
surcle apd ventricle the anteror cunve consuts of nght vemncle
and conus below and ascendng aorta above the postersor border
1s formed by the lefz auricle above and the night auncle and raferior
vens cuva below In the thurd posinon the left antenor cbhque
the base of the outhine 15 formed by the nght ventricle and the an
tnor curse by the night venncle night avnicular appendix and
f:}“‘dl"g 20112 The postensor outline 1 formed by the left verumcle
Thfs“ m[d left auncle above 2 small indentation separating the two
. (:“;;l“i;m“]d be separated from the vertebrae by a translucent
35:; » 168 POSIIOnS—postesoanteriot night antenior oblique

eft antersor oblique—may be necessary ta satisfactory desmon
suar;? 4:; the course and size of the aora
© character of the genetal posteroamtenor contour (first post
tion) differs with body bwld In persons with high dmp;ragr:smo:
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of hypersthenic habitus, the outline 15 broad and horizontal, the
left ventricle 1s clexly seen and the arer of pulmonary artery and
conus 15 concave the apex 1s displaced laterally and s often hidden
belund the dinphragm The oppostte pattern cha of a long and
mirrow heart, occurs 1n those who are thin 1nd tall In those of deft
nute asthenic habrtus the shadow 1s pear shaped and oblique i those
of ntermediate build

Hypertensve hypertrophy affects the two fluoroscopieally dis
unguishable parts of the ventricle 1n successive phases The first
are scen to be increased 1 mass 1s known 1s the outflow trace
possibly because 1t 1s here that the fibers are more severely stretched
by diastolic tension This tract cxtends from apex to aortic vahe
Its enlargement 15 therefore assoctated with rounding of the left
ventricultr curve which increases the distince between the point
of adjcent opposite pulsations 1nd the 1pex The 1pex becomes
rounded 1nd projects to the feft and down so that it often appers
below the dome of the diaphragm and behind shadows of colonic or
gstric gis Differentintron from 1 normal horizontal heart may be
suggested by fulure of the convex outline of the left ventricle to
disappear 1n deep 1nspiration as it should n absence of hypertrophy
The second phase of lefe ventricular hypertrophy enlarges the
flow tract 1e the zone from mutral valve to apex This enlrge
ment 1s best visuthzed 1n the left anterior oblique position The
shadow of the left ventricle 1n this poruion 1s elongted and curved
so that 1t begns to fill the space roward the vertebral bodies Later
this shadow bulges and overlaps the spie Presence of this chinge
establishes the dingnosts of hypertrophy

The aorea 1s then inspected for elongition and dilaeon The
ascending aorta 1s best seen 1n the left anterior and posterowntertor
positions where 1f elongated 1t becomes convex antenorly and the
transverse portion 1s elevated to almose the level of the clavicles
If aortic fibrosis 15 marhed the abnormal density of sts shadow
separates st from the superior ven1 cava and the dameter my be
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esumated Elongation causes the transietse Lnob to project w0 v.\\ef
teft lung field and an 1t caluficavon may be seen Lengtheming o
e descending lunb causes 1€ to he to dve lefc of the vertebrae racher
than 1 froat of them The thoracic aorta 15 best visualzed 1n the
fght antenor oblique positton frs elongation curves 1t convexly ©
(e left diatation with fbrosss may whe a spindle shape Which
may be visurleed an the fluoroscopic screen even through the
cardiac shadow

TELERADIOGRAPHY

Teleradography permuts the recarding of changes in the ¢ardio
aortic zone This the physician can amimate 10 fus mind of he has
also examuned the parent under the fluoroscope Teleradiography
alone serves as a pomt of deparmure for further films recording
progress of the diease Much that 15 seen 10 the postetoanterior
fluotoscopic view 15 visible 18 2 p 1
but the hiner delineation of left ventricular enlasgement 1n terms
of septal to apical distance antertorly and of abhormal filling of the
wfiow tract postenorly cannot be visualized The Jefr and nght
antenor obligue flms however have considerable value in deter
mumung chamber entargement and width of aorta Plantmeteic meas
urement of the area of the shadow and calculation from shis of

cardiac volume 15 a refined techasc although betser practiced from
an otthodiagram

Because

of maximal carduac dimeter
15 sunplee and not much less accurate 1t 33 mote wadely used The
measurement 15 made 43 the sum of maximal projections of night
and left heare borders from the middle hine Comparsson of this
drameter wuh that of the thorax 1s 2 highly mexact method the
width of the thorax does not vary exactly with the see of the
Ppitient aad 15 aleted by tespimatory excursion and emphysema
Ungerlerder and Clack s comy of gbserved diame
tet with standard, of predicted normal based on height and weighe
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1s 2 valusble means of esnmating hyperteophy (see chart p 385)
Values which exceed the normal by 10 per cent suggest that hypec
wophy has occutred and values of 15 per cent establish 1t

More elaborate and specralized rechmics which use x rys
the evalnavon of cardiovascular disease are reserved for the seudy
of dugnostic problems or for chnical tnvesugauon These ichade

by y anguocacd hy and cath of the nght
aunde sentrscle and pulmonary artery Aymography whether by
ot by the pt lupher tube Tas s best apph

cauon 1 detecting ateas of nfarcuon or aneurysm  Angocardiog
taphy applies 1n the detection of shunts congenital anomabes and
m & Terneen ysm and tumor Cath
applies in the study of congemtal heart disease and 1n special
clnucal imvestigation None of these procedutes applies directly to
the problem of everyday essential hypettension except as 10 doubs
ful cases the angocardiogram of the aorta may teveal coarctation
of the aorta

Cardioradiography which uses the radunon of mravenously
myected sotopic Na * has been described by Prinzmetal Prelim
mary studies indicate dhat this techinic will have considetable value
w the evaluation of many types of heart disease
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I THE ELECTROCARDIOGRAM

The electric currents of caudne action as they apperr 1 the
electrocardiogrim yield helpful almost essental information s
to the structural and metbolic effects of hypertenston on the heart
That the method 15 not more widely and intelligently used 1s pacely
the result of misconceptions One of these 1s that the instrument 18
~ tin and copper 1dol whose wavering runic lines c1n be scrutmized
only by the oricular few Another 1s that 1ts application 1s lrgely
restricted to the dignosis of acute and severe cardite disetse such
s myocardml mfarction The necessary changes 1n terminology and
technic of recent years may also have discouraged 1ts use But the
advent of direct wring machines will expind use of thus method

To wvord error assistance of 1 specialist must be sought espe
cerlly for the accurate evaluation of minor chinges He probably
should supervise the making and interpretation of the record Still
the pauents own physicran 1s best able to fit this informtion nto
the pattern of his pattents dlaess thus he should e some p
preciation of the patterns themselves

Movement of 1 wive of excitiion over the tuncles through
the conducting muscular ussue to the mner ventricular surfaces
and out mnto the ventricular myoctrdum 1s accompanied by chnges
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of dlectncal poreanual whuch the elecrocardsograph records as gal
vanometric deflections The direcuon of the deflection varies up of
downt gs the potential change 15 posttive of hegative

The distance through shich a deflecuon extends from the 150
electric line of zeto potental depends on the magrutude of poten
ual difference wself the extent to whuch 1t 15 renforced or new
tralized by simultanecus potentsals from some other site the heart
and the extent to whuch 1t 18 damped by tssue resswance The rele
uve ahsence of damping by ussue substance accounts for the large
deflections found 1 precordial leads Indeed these leads seem now
ready not only to add to and perhaps replace but also to explam
e patterns found 1n standatd lesds Hechy points out that being
semudirect they are most like the leads taken directly from the suc
face of the heart and thus convey most adequately what 18 going on
m it But 1t 15 not our purpose to discuss the technic theory and
pracice of elecrocardiography topwes ably sunieyed by Ashman
and Hull Katz, Buich and Winsor Schetf and Boyd, Bames and
Hecht. Rather we are concerned with the changes 1o pattern found
10 hypertension and 10 hypertensive heart disease 1nasmuch as they
ndicate the presence aof left ventnoulat hypetrroply aod the 2ad
vance of left ventricular sttan

These pattern changes ate seen 1n the standard himb leads and
0 precordu] teads enher CF (chest foot) or V {central teemunal)
Isolated observauons are of much less value than records when at
rounne tervals of months and years n derecung early chantes 1n
the pactern normal to the individual Even with ssolared obsena
tions progoastic value of the electracatdiogram 1s emphasized by
Gubner and Ungerleider They bebieve that st grves 2 more sensine
1ndication of bypertrophy than does the teleroentgenogram They
(m:m!)x&m the death rare for hly‘pemnslv: patents whose elec
normotensive QQZZ:: nf;r ¢ s 27 cmes that for

pavents with definrte changes of moder

te or severe degree the rate 15 3 4-3 7 umes normal
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advanced hypercensive heart disease shows only the changes characteristic of

moderate left axis deviation with some sinus tachycardia
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Fic. B —Electrocardiogran from pau ¢ w th sevese fapudly advageng
malignant byperteus oo shows ev dence of lefr venmpobor bypentrophy with

myocardul change (aote aochiog of Ry) and st s g (depression of RS-,
ad RS-T )
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Left ventricuiar bypertrophy —The pattern change most chat
actersstic of this condition 1s left axis deviation This conststs 1n a
deflection of mean electrical axis from 1ts normal direction left
ward and 1s due to the changes m position of the heart caused by
hypertrophy Furst there 1s rotanon and direction of the apex down
ward, followed by left lateral direction of the heart as 2 whole In
other words the large heart 1s also usually horizontal The direction
of the axis 1n health varies with body build, toward the right when
the heart 15 normally vertical and toward the left when the dn
phragm 1s high and the heart horrzontal Transtent left axs devia
non can be caused by anything that elevates the draphragm such
as full forced expirauon, pregnancy, ascites or other abdominal dis
tention In some degree, 1t 15 normally present at rest 1n about 5
per cent of healchy young males

For most chinical purposes left axis deviation 1s considered pres
ent and presumably pathologic when the axis deviation index
exceeds 20 This value 15 computed by measurement from the
standard Iimb leads of the electrocardiogrim as (Ra=S1) — (R~
S3) Such a change occurs i 60-80 per cent of patients with
hypertension It never appears 1 some despite cardiac hypertrophy
because hypertrophy has operated on a heart which 1n health was
vertical

Its mechanism 1s best understood 1n terms of the changes 1 pre
cordial leads and the reflection of the precordinl potentials in
standard leads These are 1n essence exaggerauons of the mean nor
mal toward the right side R waves become smaller and § waves
deeper toward the left, Q waves become deeper R waves larger
and S waves smaller As the pattern tensifies there follow depres
sion and upward convexity of left precordtal RS-T segments while
the T waves become depressed diphasic or nverted When left
axts deviation 15 not obvious 1n standard leads hypertrophy may
reveal itself 1n the RS-T segments and T waves 1t 1s of course
usually detectable from a study of precordnl leads
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It 15 customary 1 many oncles to demgoace the RS-T and T
wane changes caused by hypertrophy as €1 rdences of Jeft ventneu
lar stemn  Sorae worhers define swam as a pavera ;. which the
RS-T segmentss depressed 05 men of mare o lead § with or with
out cortesponding elevation of tus segment i lead 11§ and with
fatrerung mversion of other definwe aboormaliey of i While
of some chuweal advantage dhus dugnoss should be made with care
especully m the presence of tachycardua or dunng admmistration
of diitalis

Osher electrocardiograpbic changes m hypertension —Term
aally i malignant hypertension alhough not as often 25 in the
urenua of chromc gh i} h or chrome pyeloneph the
electrocardiogram reveals evidences of hyperpotassemia in peabed
T naves or of 2 deficrency of 1onzable caleram m the length of the
Q-T sorerval Excepuonally wremic pencardios leads <o concut
rent dep of RS-T seg More frequently myocardial
mfarcuons and coromary insufficiency cause electrocardiogram
changes Somenmes smolung severe pun ot anxiety of suwch 2
caustrophe as the dissecuon of an 2o aneurysm  disturhs the
pattern For the changes thus produced 1 the electrocardiogram
and their explanation the reader 15 referred o standard texs

Finally much has been wrrcten an dagnosis by tests of Jatent
coromaty amery disease (disease which 15 pethaps causing some
symptoms bue which 15 not mamfest i the elecuotardiogram ar
rest) The tesey ate vanously done by mjection of patressin® by
submuttag the panent to anovemu of by exercise Results often are
t‘: agz;ms; m ;;u;nvs who mamfest' coronary artery disease 1n other
clm)énosl::1 eacu:x: ‘es: )(np‘:essm Frova) may be dangcmus and
Clearly thetr nnnz\m 1% ;) e f;m! more than 50 per cent.
wan of condivons \\h:g\ muc e e Teesiablish dhe folt

y have led t03 heart actach  There

fore they are not veco

mmended except as spectal
zed

gatonal procedures e and 1nvesu
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SECTION 1V

10 Hypertensive Heart Disease

INABILITY OF THE vasculat tree to adapt successfully to {ong
standing severe essenual hyp 15 most. often fested by
the onset of some form of hypertensive heart disease This com
phiation overtales some mo thirds of these who suffer from hyper
tension and 15 the primary cause of death in most of these pauents
1t consurutes the most common form of heare disease which occurs
n people of marute years

Whatever form 1t takes hypertensise heart disease 15 due to
inadequacy of coronary blood flow i proporuon to myocardsal
need. When 1t appears as angina pectors or as myocardial mfarc
tion due to coronary occlusion the lesion 15 artenal and the major
detect a localizable decrease 1n the absolute rate of cotonary blood
fiow In contrase 1n coronaty msufficiency and congesuve cardsac
falore which are much the more common forms of hypertensne
heart disease the major defect can be traced to the mncreased and
untonasd demands placed on the myocardium of the left ventricle
by the presence of aftetial hypertension

Both mechanisms the artenal and the myocardial combmne 1n
many patients and 0 varying degrees But even when the leston 15
pred dy arterial hyy n 2dds z factor of myocardial
stran and increased merabolic demand which must be harmful
SIICE 1S presence exaggerates the deletenons effects of schemm It
s therefore not surprising that the coronary arteriosclerosss which

161




162 ARTERIAL HYPERTLNSION

commonly results 1n angina infarcuon coronary msufficiency or
congesuve fallure in patents with hypertension 1s nearly always
much less severe than the coronary arterosclerosis which preapt
tates these ailments 1n normotensive people Hypertensve heart
disease 1s 1 product of a vicious cycle 1n which arterial hypertension
mncrenses metabolic demand while 1c also favors the onset and pto
gression of coronary arteriosclerosis This fice gwves a clue to prog
nosis and treatment since 1t suggests that both wall depend 1n farge
mesure on the possibility of relief of myocardial steun by control
of hypertenston But m the discussion which follows, we ate less
concerned with the general measures for the control of hypertension
(p 142) than with the immediacies of treatment of hypertensne
heart disease

I ANGINA PECTORIS AND CORONARY
INSUTFICIENCY

The syndrome of angina pectoris was described and named by
Heberden (1710 1801) His classic description may be quoted
mn part After excluding as ummportant other types of chest pan
he wntes But there 1 a disorder of the breast marhed with
strong and peculiar symptoms considerable for the hind of dan
ger belonging to 1t and not extremely rare which deserves to be
mentioned t length They who are fflicted with 1t are seized
while they are walking (more especially of 1t be up hill and soon
after ertng) with a panful and most disagreeable sensation 1n
the breast which seems as «f 1t would extinguish hfe if 1t were to
increase or conunue but the moment they stand sull all this un
easiness vanishes In all other respects the pattents are at the
beginning of the disorder perfectly well and 1n parucular have
no shortness of breath from whach 1t s totally differene  Heberden
overlooked its mechanism Jenner (1749 1823) and Parry (1755
1822) believed that they had found its cause 1n disease of the
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coronary artenes They refeaned from publishiag che dscorery
fo 20 years fest the hnowledge alarm John Hunter who during
a1t thus ume had shawn die sympeoms Heberden described

A modetn suconct and nchusine Sefimmon of the syndrome
s pven by T R Hamson  Angima pecrons 1§ a common
conduon chacacteczed by securrent artachs of discomfort w ot
peat the chese, commonly nduced by condiions which smpase an
addional busden on the heast ordinandy dependent on disturb-
ance of the oxidative processes 1 the myocardium apd always 2t

TABLE —MOST IMPORTANY CLINICAL FEATLRES 1N Diaénasts
OF ANGINA PECTORIS (HARRISON)

1 festures of Posuve Value 11 Teatuses of Negative Valuef

Aptesence teading to exclude angina
praronsy
1 Pam lmied 1o penapical axilluey
or abdomuna) reg ans

! Hiswoty of relation 1 effort

Sub rernal or precotdial location

2 Duration of less dhan 1 misute
3 Dunauon 1-30 miputes Tanananag of throbbwg pan
4 De thae A breathing, coush
acreases amount of effort e 1ng sealloning sieung of stan hng
qu red to 10dece pain

Thew | uca) frarmrey ae peesens 90 per cene
FThese £ arures €ther 7 absen
du den

more of p seatt
A angi0a pectons o 1 prose

& e doe o aeacumd

tended by the bikelihood of sudden death  To tus we mught add
that Hebetden observed that it was most common AmMODE rRales
over age 30 in the proportion of 3 1 and that this tato sull obe
wns Among females predisposiuon 1 greatly increased by hyper
tension

The chinical diagnosis of angina pectans 1s sufl difficule. As
2 tesult w1 probably more frequently made than s wastanted 1n
that group who run 10 the physitan with the teast complaint—and
who il whe the most mury from the cardiac neveons which
thus may be shrust wpon chem—w hle 1« s tikely to be overlooked
among those who are Jess commumeanve 1n their descriptions
Table 7 shows the wmportant clinical featutes n diagnosis fepto-
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commonly resules 1n angmn, infarction coropary nsufficiengy o
congestve fatlure 1 patients with hypertension 15 nearly always
much less severe than the coronary ~rteniosclerosts which precipt
tates these ulments 1 normotensive people Hypertensive heatt
disease 15 1 product of a vicious cycle in which arterial hypertension
ncreases metabolic demand while 1t also favors the onset and pro
gression of coronary arteriosclerosis This fact gives 1 clue to prog
nosts and treatment since 1t suggests that both will depend 1 large
measure on the possibility of relief of myocardial stramn by control
of hypertension But 1 the discussion which follows we are less
concerned with the general measures for the control of hypertension
(p 142) thin with the immediacies of treatment of hypertensive
heire disease

I ANGINA PLCTORIS AND CORONARY
INSUITICIENCY

The syndrome of angima pectorss was described and named by
Heberden (1710 1801) His classic description may be quoted
1 part After excluding s unimportint other types of chest pan
he writes  But there 1s 2 disorder of the breast mathed with
strong 1nd peculinr symptoms, constderible for the hind of dn
ger belonging to 1t and not extremely rare which desetves to be
mentioned at length They who ate afflicted with 1t are seized
while they are walking (more especially of 1¢ be up hdl ~nd soon
after eating) with 4 panful and most disagreeable sensation 1
the breast which seems as 1f 1t would extingwish Iife if 1t were t0
incrense or continue but the moment they stand sull all this un
easiness vinishes In all other respects the patients are ¢ the
beginning of the disorder, perfectly well and i paruculir hase
no shortness of breath from which 1t 1s totally differenc  Heberden
overlooked 1ts mechanism Jenner (1749 1823) and Party (1755
1822) believed that they had found its cause 1n disease of the
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schemsa that 5 the blood flow through the arteries may be de-
ficient () because of systemc snadequacy of venous returh .-mdi
carduc ontput or (b) locally because of VaSConstEcton ot O
scletonic obstrucnion (2 The disrbance may be myocardiat the
result of an excess of funcuonal demand and/or the ooty of
meenung 1t 1nposed by hyperteaphy ot (3) 1t may be metabolic
snd anse from changes mn the chemistry of blood (hypoglyeem
anovia of anemia) of ussue (loss of carboxylase i vitamin By
deficrency loss of creatine phosphate 1n myocardial failurey The
manner of onset and chatacter of the symproms enable the physy
ctan 1o assess 10 pare at feast the culpabibiry of eack faczor tn the
producuon of angina 10 the patient uader study

AIDS TO DIACNOSIS

Hyperensive pauents who have angina commonly show efec
uocardiogtape abnormahues dunng restwhuch signdy as do thew
symproms  inadequacy of coronary perfuston These are marhed
devianons of $-T segment and T wave the evidences described
earhier a5 stram and stsain wath Bbross e presence of sntet
ventncular or surculoventricutar block The residue of old nfare
ton 1 an sbnormal Qi or Qs or mvested To wave may be seen
That such should be the case would be predicted from the almost
unttorm presence of old myocardial scars m angiaal subgects A
normal wacing does not exclude the dugnoss

Conously just as angina 15 mfrequent 1n congestne fadure
1€ 1§ rare 1n patients suth auriclar fibrillation of flunee although
\t may appear 1 the wntervals between attacks, An smportang char
acterisuc of angwna pectorss 1s dhat ap attack spotitaneos or volon
aily induced 15 rapidly cut shore by the vse of mies ( p 170)
Of th 25-50 per cent of pacents wath angima who do not show
electrocardiographic abaorenalities at rest more than hatf will de
velop them duting exeraise or dunng the other tests of latent
coronary dusesse (p 139} Fasfuse to repraduce the areach, or o
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duced from Harrisons tabulaton That the significance of pre
cordial or substernal pan can be overemphasized 15 shown by the
24 per cent of Proudfit and Ernstene s patients in whom pain nas
atypically distesbuted

The classic descriptions of angmna pectonis and 1ts aberrant pat
terns have, by therr respective centerings of emphasis aded the
growth of diagnostic musconceptions To these Harrison has also
called attention Thus, he has noted that the pain may be mild and
nonconstrictive, rather than severe and oppressive and that it may
be neither substernal nor precordial 1n 1ts principal locus and may
at trmes wholly lack a substernal component Sometimes pain par
ucularly that of status angtnosus, 1n which anginal attacks succeed
each other 1n rapid succession may be aggravated by recumbency
In patients who seem to be subject to hypoglycems Hatrison has
noted that the tendency to attachs may be relieved rather than
creased by the ingestion of food Aggravation on recumbency and
reltef on taking food are not frequent in Barness expetience of
out own

On the other hand relief on standing erect suggests that the
pain 1s more probably due to hiatus hernta than to coronary heart
disease Pain which 1s increased by swallowing suggests the pres
ence of esophageal spasm or cardiospasm (both of which may be
relteved by nitrites) and pain related to movement of the head
or arms may be due to cervical osteoarthrius

MECHANISM

The pan of angina pectoris 1s believed to anse from in
tion of myocardial nerve endings by accumulatron of a metabolic
product (or products) which can readily diffuse mto the blood
stream and which can be quickly altered 1n the presence of an
adequate supply of oxygen The disturbance of oxidatve process
which gives rise to this hypothenical accumulation of P (for pun)
substance may have one of several causes (1) It may result from
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the flow of blood as well as increased carduac workh The physican
aced ot fear but rather should rejorce n 3 reasonable decrease 10
artenal pressure obtaned by a planned therapesue tegime A tugh
artersal pressare 8 more, of an obstacle than an ad to effectne
myocardial blood flow

Temporatly tncreased myocardial effort 15 the common 1m
mediate precipieating sumulus The patent 55 wsually anare of the
amount and type of actwity he can wlerate He should be nstructed
above 2l to staw down m all atnesty and 1o heep well wathin the
boundary of pam whateser the response © wedtment Reduction
of wesght 15 clearty advisable among the obese since bodily move-
ment increnses cardsac worh. The subcalorc diet prescribed for this
purpose has the addinonal ad of reducing bolic rate
Some pauents with angina have loose relaxed abdommat walls
huert suggested thas angina which occuss on effort and in the erect
postuon 1 muddle aged men may be related o orthostanc pooling,
of blood in the relaxed abdomen the resultant decrease 1n cardiac
output provokmng the attack Fitung of a smtable abdominal belt
increased effors tolerance i such cases But thus form of easily
remediable sngina 15 found all 100 tarely

In the coronary arteties vasoconstucnon without artectal dis
ease 1s rarely 1f ever a factor Rather the combmed mechanisms
of mcreased myocardual effort coronary vasoconstriction and ob-
structon by atherosclerosss underlie the process Although some
means way be found 1o verrd the progress of atherosclerosis there
1s a0 evidence that any are avalable which will semove 2t extept
possibly severe caloric resiniction The principal amms of weatment
must be the prevent o or release of vasoconsenction snd attempts
at vasoddation whuch may speed formation of artersal collaterals

VASOMOTOR AND PSYCHOGENIC PRECIPITATION Vasocon
sticuon 15 commonly due o tervons sumulation In angma the
modes of such sumulation whether pychuc or reflex must be de
pressed The classic example of angina precipuated by pychuc
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ctuse abnormalities of the electrocardiogram by the excrcse test
may add to the difficulty of confirming a diagnosis based on the
history and relief of pain by nierite A falsely negatve result of the
test depends on fulure to produce a precise deficit of myocardul
perfusion Such fulure my be evidence of the large number of
factors emotional postural vascular and biochemical which enter
1mnto a typcal ateack

Many pauents whose electrocirdiograms are normal at rest
show abnormalttes during involuntary attachs In some the pattera
of such an attack 15 localizable i1n the manner described later for
recent coronary occluston These patterns probibly tesufy to the
presence of old or to the immiunence of new infarction of the myo
cardial areas to which they are referable

TREATMENT

The purposes of treatment are (1) the prevention of recurrent
attacks with the hope of delaying or prevenung a fatal issue 10
myocardal nfarction or ventrcular fibritlaton (2) the relief of
a developing or present attach and (3) the relief of ractble
pain The first of these 1s the mast important

Prerentron —The methods used 1o prevent attacks depend on
n evaluwwon of the degree to which ischemic myocirdial and
metabolic factors sepirately precipitate the seizure Predomenance
of myocardial disease 1s more commonly assocrated with congestive
fatlure than with true angma the principles of its trevtment are
drscussed later (p 187) To the extent that the myocardnl defect
15 due to strain and increased mean arteri1l pressure its trewment IS
that of hypertension When the deficte of perfusion 15 due almost
enurely to organic occlusion 1 great decrease n coronary blood
flow may follow a relauvely shight decrease 1n arteri1l pressure or
with lesser degrees of obstruction occur 1n syncope However 10
hypertension the deficiency 1s conditioned by several factots no
tably vasoconstriction atherosclerosts increased ussue resistance 0
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he fow of blood as well as sncreased cardiac work. The physician
need not fear but rather should rejoice 10 2 reasonable decrease 10
arterst pressure obtained by 2 planned therapentic regtme A hugh
artertal pressure 15 mare of an obstacle than an ad to effecuve
myocardul blood flow
Temporanly increased myocardial effort 15 the common 1m
medute precpuating sumulus The patient s usually aware of the
amount and type of acts ity he can tolerate He should be mstructed
above all 1o slos. down 1n all actvaty and to heep well wihin the
boundary of patn whatever the response o treatment Reducton
of weight 15 clearly advisable among the obese since bodily move-
emeat incteases cardiac work. The subcalonc diet prescribed for ths
purpase has the add 1 ad of reduang bolic rate
Some pattents wath angwna have Joose felaxed abdomunal walls
Rerr suggested that angma which occurs on effort and 1n the erect
positon 1n auddle aged men may be related to onhostate pooking
of biood 1n the telaxed abdomen the resultant decrease 1n cardiae
output provoking the atrack Firting of 2 smable abdomunal bele
incteased effort toletance 1n such cases But this form of easly
remediable angina 15 found all oo rarely
In the coronary arrenes vasoconstricuon wichour artersal dise
case 1s rarely f ever a factor Rather the combined mechanssms
of increased myocardial effore coromary vasoconstriction and ohe
struction by atherosclerosis underlie the process Although some
meats may be found ta retard the progress of atherosclerosis there
15 00 evidence thar any are available which i}l remose 1t exeept
pasubly severe calosic restricnion The principal aims of treatmene
:r:uj::d ‘:‘k;z :‘:e;;mx:n or telease ;7! vasoconstricnon 2nd attemps
on > ;:N Dm;;;[:::d;r :::mamm of artenal collacerals
C PRECIPITATION  Vasocon
striction 15 commonly doe to persous samulanon In angna the
:‘r::::d‘)[]f::h ;umuhuon, whether psjchic or reflex must be de
dassic example of NN precipieated by psychue
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stumulation s that of John Hunter My life he sard 15 in the
hands of any rascal who wishes to worry and tease me Home
wrote n his brographical note on Hunter It 1s 2 curtous circem
stance that the first attach of these (Hunters) complaints was pro
duced by an affection of the mind and every future return of any
consequence arose from the same cause and although bodily ex
ercise, or distention of the stomach brought on slighter affecttons
1t sull required the mind to be affected to render them
severe, and as hus mind was tritated by trfles these produced the
most violent effects of the diseise His coachman being beyond his
tmes or a servant not attending to hus direcuons brought on the
spasms while a real misfortune produced no effect At St Georges
Hospital he met with some things which srritated his mind 2nd
not being perfectly master of the circumstances he withheld his
senttments in which state of restraint he went 1nto the next room
and wurning round to Dr Robertson he gave a deep groan,
and dropt down dead
Hunters case with predommant emotonal precipration of
attacks nd concervably 1mitiated by myocardial infarction 15 not
typrcal for 1n only 10 per cent of Harrison's series was angumna pre
apitated by emotion without exertion The mechinism of emo
uonally conditioned angtna 1s probably muluple on one hand
there may be direct vasoconstrictor impulses celeased by emotion
on the other hand the increased blood pressure which emotion
excites may cause the release of cerebral and sinoaortic reflexes
which reduce the adequicy of myocardial perfusion or cuwse
tachycardia and ectopic beats In either case a mental atutude
which depresses the psychic provocatons to angina 15 to be recom
mended s part of the general treatment of hypertension The rela
non between emotionl upsets ind angnal arrachs should be
brought to the patients attention and he should be counseled on
means of avoiding them Sedatrves (phenobarbital 15-30 mg
Viels or ) three times 1 dvv and at bedome may ud him When
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fafe stzanon ot petsonaliey difficulties seem 10 be major factors
approptiate measures should be counseled.

VASQMOTOR REFLEN PRECIPITATION Reflex sumvlavon
fmay atse @ the shin {exposute ta cold) oOr fespuratory passages
(beeathung cold ast watking agamse the wind) with disorders of
function of the gastromtesunal tract or from pan wn thus of other
regions Distenuon of the stomach ot bowel by food or gas causes
a sharp reduction 10 coronaty flow Gulbert, Leroy and Fenn
creased the sensitiveness of angnal patients to anoxsa 20-40 per
cent by feeding and abolished the effect of meals by atropine Any
provocauve acuvity should be avorded after meals when 60 mmn
ntes of rest t 2 chawe or on 3 couch 18 advisable Bulby or gas
forming meals catbonated diinds and 2 swalloning must be
avoded. Constipation should be overcome by mild methods

Since smohing may induce anginal attacks of possibly increase
susceptibiliy to them 1t 15 best avoided In some people smoking
produces significant electrocardiographuc alterations These changes
added 1o those of the mortd pricess seem undestrable

Heberden found that wine and spintuons hiquors and oprum
—the last then freely prescribed— afford considersble rebef  This
telief may be presceibed wath due tegard 1o moderauon as 3 glass
of sherry an unchnlled highball ar an onace of whiskey of m the
everung a8 2 hot toddy Studies have shows thae slochol does not
directly affect anginz as such apart from feleste from tension "
may afford For some patents maenre of belladonna (5-15
minms 03~) c¢) eahen 30 mnutes before meals may be ad
vantageous Reflex constricuion from exteacardiac pa may pre
apitate attacks or electracardiogtaphic abnormalines 1 patents
s sl Tos s ol e of bl o

N P, i nt and operation 15 not contemplated

VAsoNLM:Q\ Apirer‘ r of blesals 5 seful

preventing copstriction the pext pro-
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cedure 1s the provision of vasodilaon One means to this end may
be oral adminsstration of xanthine compounds eg  theobromme
calaum salicylate (715 gr, 05 Gm) or theophylline with eth
ylenediamine 1e ammophylline (3 gr, 02 Gm), four nmes 2
day Both drugs are best tolerated when enterscally coated howerer
since the coanng does not always dissolve coated tablets are some
umes meffecuve Caffeine although a purine vasodilator should be
avorded because of 1ts cerebral action and uts use as coffee shonld
be luniced. Alternatively papaverine (3 gr, 02 Gm) may be
given orally three or four umes a day It depresses ventriculat
exatability and may lessen one source of the paments anwety
namely extrasystoles Its general usefulness 1s controserstal Vaso
difator tissue extracts have been tried but the effect 1s uncertun
and the demands on physicran and patient by daily jection are
onerous Testosterone intramuscularly (as propionate 25 mg)
three umes weekly has been effectne sn some males However the
expense may wetgh heavily on those alreads greatly burdened Itis
not clear whether 1ts action 1s one of vasodilatton of hypogonadal
relief or a direct acrion on the cardiac muscle as part of 1ts clamed
systemic tontc action

The attack —The physician having taken measures which pre
vent vasoconstricuon and promote visodilation must ordmrily
leave actual treatment of the attacks to the pattent The pattent
should know that he must rest during the attach He 1s given a vial
of nuroglycenn tablets The more soluble hypodermic tablets ate
preferable the dose 15 03-06 mg (1/200-1/100 gr ) somenmes
less and 1s selected by the patient s response when he dissotves the
tablet under his tongue duting an attack The tablet 15 used when
ever an attack 1mpends or oceurs or when an unavordable situiton
arises which the pattent knows may provoke one A more rapid
but somewhat less tisteful effece 1s secured by mhalation of amyl
autrite (0 12-018 cc ) from a glass perle crushed n a handher
chief A tmid patient 15 usually prevented from excesstve dosige
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of exher nawrue by headache When due moderation rest and other
neasutes do not prevent frequent atacks the doses of mtnte
shauld be repeated as necessary as often as 20 umes a dzy Since
these drugs cause vasodilation and temporanly dectease venous te
rrn the pavent should sechine of sit when he mhes them to avord
syacope sad hypotension sach 15 mish of acute coronary snsuf
ficrency

A group of miumtes which because of therr slow gastroitestinal
absorption have 4 sustamed and delayed acuon ate often used for
thewt prophylacec value Erythral tetranurate (0015-0 03 Gm
U4ty gr ) 1 wken by mouth 1 effect appears 10 about 15 mua
utes and lasts three hours Mannieol hexanstrase (006 Gm 1 gr)
has a lile siowes acnion 2nd Yasts pethaps an hour longer The
slowly actng muteites have a limeed wietaloess They should not be
adminsstered unless 1¢ can be shown that they acrually reduce the
number of attacks of pan

Narcotics—like Heberdens oprum 1 which the non nagcone
vasodslator papavenine may have been 2 sigmficant componemt—
have no place 1 the treatment of an atack which subsides withu
0 mmutes Orcinanly @ hypodermic jection cannos be given
much less ume than it takes the anack o subside and when the
sevensy and duravon of an anack seem to require it the diagnoss
should be questioned

Cestain drugs should be avoded or used only for spectfic inds
canans These are thyrod epineph hed benzedsne *

prustrn? and yspally dhtocy anate Dtgushs.(s used only 1 angina
cleatly associated with congestve faifure for whule w increases
coronary blood flow i the dilated heare 1 may dectease flawm @
the undifated heare. Thus vasoconstricror effect appears most pften
when the dosage 15 such as 10 cause other toxie side effecrs

A few pavents femain whose PRI 13 NOY prevented of refteved
by the customaty treatment and who therefore find hfe afl but
neolerable In many of these angina 15 the sequel of serious myo-
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cedure 15 the provision of vasodilation One means to this end m
be oral administration of xanthine compounds eg  theobromine
caleum salicylate (7% gr 05 Gm ) or theophylline with eth
ylenedtamine, 1¢ ammophylline (3 gr, 02 Gm ), four umes a
day Both drugs are best tolerated when enterically coated, however
since the coating does not always dissolve coated tablets are some
umes meffective Caffeine, although a purine vasodilator should be
avoided because of s cerebral action and 1ts use as <offee should
be limited Alternauvely papaverine (3 gr, 02 Gm) may be
gwen orally three or four umes a day It depresses ventrcular
excttability and may lessen one source of the patents anviery
namely, extrasystoles Its general usefulness 1s controvetsal Vaso
dilator ussue extracts have been tried but the effect ts uncertamn
and the demands on physician and patent by datly 1njection are
onerous Testosterone intramuscularly (as proponate 25 mg)
three times weekly has been effective 1n some males However the
expense may weigh heavily on those already greatly burdened It
not clear whether its action 1s one of vasodilation of hypogomdal
relief or a direct action on the cardiac muscle as part of 1ts clatmed
systemic tonic action

The attack —The physicran having tahen measures which pre
vent vasoconstriction and promote vasodilation must ordmaaly
leave actual treatment of the attachs to the patient The patient
should know that he must rest during the ateack He 1s gven a vial
of niroglycerin tablees The more soluble hypodermic tablets are
preferable the dose 13 03-0 6 mg (1/200-1/100 gt ) sometimes
less and 1s selected by the pauents response when he dissolves the
tablet under his tongue during an attack The tablet 1s used when
ever an attack tmpends or occurs or when an unavoidable situation
anises which the patent hnows may provohe one A more raptd
but somewhat less tasteful effect 1s secured by inhalation of amyl
niteite (0 12-018 cc ) from 2 glass perle crushed mn 1 handher
chief A umid patient 1s usually preventcd from excessive dosage
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st be grven with the dizguoss of hypereension and angina. The
geners) explanauon of byperression se have suggested. Regarding
angma the panent may be told dhae 1t 15 the sarmng cry of the
heart for blood and that the aeeded blood will be supphied by the
testment % be guveq han The unportance of prevenung ot abort
tng atracks by cese and autrutes should be cleasly stated. He must
realize that he 15 latgely responsible for the success of the treat
ment the drugs which i} present ot dispel attachs ate placed 1n
fus hands 1t 15 then hus problem 1o resict effore and to lessen and
avord the oceasions of emotional tension I there 15 evideace of
senous myocardial of cotonary artenal disease wicht the probabihity
of a fatal sewzLre sore excuse such as that it 18 a distuthing proso-
caton can be found to heep the pauenc from duving his car In
prognosis the example of John Hunter may he used He had angina
for 20 years complicated by tnfarcoon duting some patt of s
course and died 1n a sexmre because he faded to control hus temper
The prognosts should be more obpecuvely explaned 1o the
nearest imerested relanve Although the average durauon of e
after the first attack 13 commonty connidered 1o be five years White
Bland zed Mukall have shown that the tme s now almost
doubled—to an average sutwival of moe years Ten per cemt of
thexr payenss surveved 18 years oc more These data ate compiled
from cbservations 1a both normorensive and hypertensive patients

There ate many evidences that bypertenstan and cardiae hyper
trophy shorten the ¢ rm

ACUTE COROVARY INSUFFICIENCY CoroNary
FAILURE
Acute coronary msuffictency or co orary fature 13 2 state of
weadequate cotonary pethusion 1 shich pam or other distress per
sssts fonger than 1 angina pecrosss which may be assocated :lexh
foc of nectous 1w the soyocardum but whih does pot cause frank
acute myocardial wfascton ‘Ths state 1 qualitaively different from



172 ARTERIAL HYPERTENSION

cardial nfarction The surgical procedures aimed at their relief (s)
may be intended only to cut the pathways of pun and mchide
upper thoracic sympathetic ganglionectomy and paravertebral myec
tions of alcohol, or (4) may reduce cardrac demand by thyroidec
tomy or (¢} may be directed to formation of new cardiac collateral
arculation Alcohol injections too often result i a trying neuntis
Thyroidectomy 1s all but discarded Unalateral surgical cervical sym
pathectomy has been shown to be effecuve when the pamn s lat
eralized Bulateral or substernal pan can be treated by bilateral
upper thoracic section of the nerve roots The patient should under
stand that the mashing of pamn should not tempt him to untoward
acuvity These procedures demand special shill i execution and
experience 1n the selection of cases Operattons on the heart ate
more hazardous and are definitely experimental Their aim 15 t0
restore a larger coronary blood flow by increasing mter and extra
coronaty anastomoses Among these the procedure of Bech, which
turns a peripheral artery 1nto the coronary sinus 1s one of the most
tmaginative and 1c 15 to be hoped perhaps to be the most success
ful The surgical treatment of angina has been reviewed i detail
by White and Smuthwich by Feil, and edirorally in Annals of In
ternal Medicine

Radioiodine (I'*') has been used recently to induce a state of
hypothyrotdism which has been found beneficial 1n a small group
of patients with intractable angmna (Blumgare et 4/ )

Finally, there 15 the question of what to tell the patient He will
almost certunly have guessed the diagnosis and will have found
that lay writers on medicine have done much to make it ternifying
It 1s not advantageous to conceal the diagnosis beyond the tme
when the course of orderly examination permuts a full evalurtion
of his condition Katz suggested that the term coronary nsuf
ficency be applied to both angina pectoris and coronary occlusion
1n discussions with the pattent It 1s a justifiable phrase and 1s not
intnsically frightening When that ume comes some explanation



Jriey o
swordusts awaurwisad Afensi)

patuojosq
w3y
cwiad ungo usased 3aiseay

oid (esoadi>az fif pUs 1 5pP
sanem & wonEA3 L SU

(rwsouqy
e

qn3 EIpIT
wpatrohIqulf
sireg
oty

uad  doned

NOIATINO ASVNOIO)

100005 YU
13 dioaad o spuadap YO {RIFG
Aqpeuorsean 4140331 (ing ANEasY

§y99% 10 SIN0Y [812A35

ponsasa 1 §Y 10 Atk D ou
S22 10 SAER 1919435 Joj ST
sata L pue seoissadop L SA

Jeion Apuanbary
Ju3 v ApuInbasy
Ju3sand aq Ay
feorenQ

1000 33 S7y
spres
awasaid 9q AN

ANaIIIA SN
AUYND 0D B110Y

pooD sisousorg
dyesedean
ssnoq m3f of sasRuny JouoIeng
suo ssaudap L SY
Juanauras SVueqd ou AgEnsy 051
arer
PwioN  SOUHGIEHPIS ¢
w3 qv 3931 9
auop sany g ME3)] §
200N se wyyny b
afueyp o SpUNOSE €
511 10 a¥uep oN  asassad pootd &
uaN Yous 1
wowern 3
il s
S OL5AT VNIBNY

1 93] NOISTODO ASVNOUOD GNV XIN.

((AL4NSN] AYVNONOD SIHOIDTJ VNIONY

30 NOLLVLINTXIAAI—~ 8 TTAVL,

“
n
a4



unsgon
1u 4q peampa1 ou poSuciold

{yvonendp
Juopy

uors
uasdiy  ssosps Azualo)

vowmod
uonEzioqWa Yiim SISOqUoIys
EIRW  UOWILOd sutpseaeiad
{erpaeanzsd por oAw  -Opud
wanguod  adie] — uandIEy
Ul 23PYLIOWRY JRWNUI 30 g
Wiyt 4q BOISD[D0 SISOIIPG

Lue ut moy

wIsGE UNO IGEITA

EISAPIIUT PUT VOK
es3do TWNEND SUOMAUI dnpiey
ueay wpseiyder nssasd poo(q
01 9513 UIppRs  Amssdsd  poofq
ur fje; 10 oys  aFeyurowsy
Tiws
XOUE [If4 SUOINPUGI WY 7
suowsd euidue o3 AN |

s150UNS
feuso ompydis  wiaue o3
293p[Ud JEIpIEY  SISOUAS DidIOE
vorsunsaddy  sisaiagy Aseuoro))

SISOQUII [eIRw
ou sorpaeasad ou Ipsnwm Arepp
ded 1eipIedopusqns seale Isngip
HEWS—$150139U  $15053[3 fRUION
30 sisORPS jo 2383p JIqEUEA

; 3
Alzuoioy JO UONESSIY [RIOY,

I§ oy L1200y bapeur)
ponuojoad o 213ads  BLAPSY

unaid

-onre &g paadrfas  Aresodusag,

aunydaurds pue Ginsw 033eqO)
FIINA 12410 WOl X2}l TwnEn
Junes  pjo>  uwonows uoyy

1500318 [ensO
aupydes BRUSUT WTISIP SIALIO
busnygnsut pue sisous INI0E
vorsuduadiy  sisosaps Areuoio)y

saduegy aanye ou  wWNTpIYALY 7
Juinolrey
Pue s1s013ps  SHIAME AIBOOIOD |

(uonpmairy Lreuciod
syenbspeun) Aonsuen  eiwapsy

weg

s301e)
Junentdnaig

$1000%f

Fursodapasd

Sgojomeg

&dojorsiyg

NOEATII0 NEYNOIOD

AONAIDIAANSN]
A¥VNOYOD ALNDV

$I40192d VNIINY

{NVWHSIED ONY DVQ a3av[ saisviy)
NOSATIDQ AUVNOUOD QNY AONZDILINSN] AYVNOUOD SIOLIEE VNIDRY 4O NOLLVLINAWALIG— 5 TTHV.L

=



MYOCARDIAL INFARCTION CORONARY THROMBOSIS 177

RLANER M. J Stodies 1n hypereasive heart disease 1 The
D::&.ignuu?mmm acherosclerosts 1 cases of esseanal hypertension, Am.
1910
-.Hinju.wxef smle9ok hyperension pec s¢ 10 the development of coronaty
L 19 193 1940
e e ptaducuon of angea pectonss bid. 19 198 1940
——— The devdcp?:gt of ;hf‘ concept of bypertensive heart disease New
led 224 679 X
ool ) e fer Bl E Hexncs, ) F, ax Bagyes, A R Espent
‘eaes with caleutated therapeunc snd tonic doses of digmalis Am. Hart J
2 154
Ednixq\y Su?g?m! measures for the reliet of wtracable angnal pun Aan, Int
3¢ 1948
mm& 23 sonary Heare Disease Amenican Lecrure Series (Spriogfield
! Charles C Thomas Publisher 1948)
FARBER, E M HINES E A, J& MoNTcoMEry H, Avp CRAIG W M.
The astestoles of the 3ksn in eswenual hypertension J JTovest Desmar 9 283
1947

Fenl, H Qs cal apprassal of the Beck operation Ann. Surg. 118 807 1943
FeNN G A Angioa pecons M. Clin. North America 28 16 1944
FATEDRENG A § BLUMCART H L. Zoui, P M, AND SCHLESINGER, M.}
Coropary falure § A M. A 138 107 1948
ERRICK, ] K. A Short H wry of Cardiofogy (Spunghield 1L Charles C
‘Thomas Fublisher 1947}
KR W ] HAng)m pectons Etology and teavment, Tevas Stare | Med

3 71 g
KOUNTZ, W B AND SMITH ] R The flow of blood in the cotonary amenes
L&g‘:}iﬁoﬂal heares 7 Clin l(ﬂvesugzuoﬂ 17 147&1935
¢ Traument of AVF0 pecIony wih LESOSICONE POPIODAte

MX‘“’ Ei“}ll_ndéz;lgdﬁ27s 183 l%}n Propons

JOR i¢ Descripnons of Diseass {od fiels

A e 1939P)l G {sded Springfield HL Chadles
MJ:'S:;B‘ A Mﬂ J:;%L HL EAACK, $ AND Gxxs[)\mw A Coronary occlu

coronary s ency and angina pecto 16
“3: ;{”“ A% é{"{,f. T2 3{3 ng pead 1 clanseal and posy monem
H 0005 R M. ANp Gritt, ] Hj h

o il pahologcal manifestac 06 an:]son Wea 50 621 tl1’;37

ij C.AND S\amwicr The Autonommic Nervous Spstem Anac

c(l‘:x::pnl;y ?Sﬂ)md Surgical Applicaon (2d ed. New York The Maem Uan
Wois F A AND hEvs

Company 1040 T E Garduc Clas ics (St Lows € V Mosby
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idenced by angina
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occuon whenever the condinons for wsavascylar clotung
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angma pectors 1n that 1t 1s often 1ssocrated with death of myo-
cardial ussue, 1t differs from coronaty occlusion with myocardial
infarction 1 that the completion of major artenal occlusion is not
the proximate precipitating factor In terms of seversty and progno-
s15, 1t 15 sntermediate between angina and mfarction The designa
ton 15 useful insofar as 1¢ includes a group of obscure, sometimes
il defined conditions and indicates the general approach to their
treatment

Table 8 presents a differential description of thus condition,
angua pectors and cotonaty occlusion In formung the diagnosss
attention s directed patrucularly to the mode of onset m which
there 1s usually a defintte precipstating factor whose presence may
overshadow the assocrated cardiac pain Subsequently, the presence
of myocardial necrosss may be sndicated by fever leukocytoss and
elevatton of sedimentation rate although these phenomena are not
nearly as common or as severe as i major cardiac mnfarction The
electrocardiographic changes are more charactenisuc These are
himited to S-T depressions and T wave nversions n two or more
leads, this pattern 1s not usually as fleeting as 1t 1s with angma or
as persistent as 1 severe left ventrscular strain The changes differ
from the S-T elevations and Q wave formation which characterize
coronary occlusion with infarction

In the acute stage of the ilness treatment 1s essencially that of
coronary occlusion of which the acute coronary nsuffictency may
be a precursor Morphine may be unnecessary shock s not present,
newther cardiac rupture nor cardiogenic embolization 15 Iikely Re
turn to restrscted activity begins about 10-14 days after the attack
It 1s customary to prescribe some form of theobromne or theophyl
Iine 1n 03-05 Gm doses four umes daily for several weeks

BIBLIOGRAPHY

pruscArr H L. FRELDBERG A S KURLAND G AND URELES A L
Treatment of ntractable angina pectoris and congesave failure 1 euthyrord
patients by producing hypothyrordism with st Tr A Am Physicians
1949 30 {to be published)
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wall of the feft veatncle and antenot intenventricular seprum In
contrast two branches contnbute 0 infarcuon of the postenior
feft ventricutar wail and sepram the cucumflex. branch of the feft
0d the terrmnal branches of the right coranary artery ndis rdually
either channel 15 occluded as often as the antenor descending
artery but the sum of the frequencies of their occtosions fead 1o an
almost equal nadence of pastenior and antenor venemeular ifarc
won

The area of infarcuion sometimes dogs not correspond to the
dismbunon of a sngle nosmal anenal branch Such wregularly
disposed wnfarcts may result from occlusion of 2 collateral vessel
sumulaced o function by prior ocelusion of a normal vessel Except
1a young persans 1t 15 safe even when the infarcnon corresponds
normal arterssl distnbution to consder that occlusion of more
than one attery partaapares 1n s formauon

Coronary thrombosts may occur Wathout infarction and myo
cazdeal wfaccaon commonty vesults from some testniction of oxyges
supply other than that of occlusion The compound tetm myo
cardual infarcuon due fo coronaty aftery occlusion  bese describe
the condwon although major amenal occlusion and nfarcnon ar

all bur synonymous among most patients with hyperteasion Th
term coronary infarcuon 15 meaningless

Crrvicat Descriprion

That myocardaal mfarction due 1o coronary occlusion magh
exist as & syndrome as well as 2 canse of sudden death was all b
overlocked unnl berween 1912 and 103p Jarres B Hern
brought o 1t the attention 1t deserves He had precursors of cours
The development of the concepts of coronary disease 15 modest
told m tus Hustary of Cardiology and an a subsequent account
tus own conmbunions As Osler wsote of Holmes and chuldbe
fever 1615 nor the man who first s3ys a thiag but 1¢ 13 he who sz
1t sa long so loudly and so clearly thae he compels mea to he
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namely slowing of the stream of blood and endothehal denuda
uon, are fulfilled Flow 1s slowed by sclerotic obstruction and
creased tissue pressure due to increased systolic efforts, the endo
thehum may degenerate over an atheroma forming an ulcer (about
40 per cent of cases) or may be suddenly burst by hemorthage 1n
the vascular base of a sclesouc area (about 60 per cent) Fibun
forms on the denuded site blood cells are enmeshed and the clot
grows to occlude the vessel In a degree which depends on the
presence of former occlusions the patency of old or the availabiliy
of new collateral channels, occlusion robs a discrete mass of mus
cle of 1ts blood As with vascular occlusions elsewhere the neigh
boring channels of arterial supply are probably thrown mto reflex
spasm which exaggerates the deficiency of blood flow But reflex
spasm seems to be much less significant a factor n rapid death
after myocardial infarction than increased writabiliy of the 1schemic
muscle which predisposes to ventricular fibrillatton (Opdyhe and
Selkurt) The central zone of the sschemic area undergoes infarc
uon (Lat snfarctre to stuff 1n) with necrosis i the center and
peripheral zones of hemorthagic exudate (the stuffing) and hy
peremta peripherally during the first week According to the sie
and mass of the infarce the heart action 1s temporarily or perma
nently embarrassed The infarct 1s mvaded by granulation ussue
and exudate Absorpuon of the necrotic muscle and resolution of
exudate are followed n about six weeks by formation of fibrous
scat Meanwhile collateral vascular channels have been formed
and the sire of obstruction may stself be recanalized but the new
channels are less effective than therr normal predecessors because
they are smaller and catry 1 lower head of pressure

The sites of atherosclerouc predilection on which occlusions
form lie at pomts of branching Branches of the major artertes
rather than the main channels are thus the most frequent sites
of occlusion The branch most often affected s the lefe anterior
descending artery Its occlusion results i mfarction of the anterror
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enced by the obstrucuon and by the ability of the remaing ves
sefs propery to catry on their sork as determined by therr healdy
or disease Wo smple chmeal prevure of the condwon an there
fore be drawn. All atempts at dwmiding these chinieal manifesta
tions into groups must be artficial and more or fess imperfect Yet
such a0 attempt 15 ot without value a5 it enables one the better
to undetstand the graviy of an obstructive acaident to dufferennate
1t from other condiuons presenung, somewhat sumiar syndromes
and to employ 2 more rauonal therapy that may 10 a shight exent
at feast be more eficent. Thus wrote Hernck 1n 1912

Death may be immediate and panless or delayed a few min
utes and agomizng survsval may be for days months or years
pam may be severe and the symptoms mugnificant ar the disturb-
ance profound and pasn hardly felr. These are a few of the varanes
‘The typical pattern 55 that of a group whose  symptoms are severe
are distincuve enough to enable them 1o be recogruzed as carduc,
and 1o which the atrack 15 usually fatal but not immeduately and
pethaps ot necessanly so (Hersich)  Usually and perhaps 1
the last sentence hase been modified as recogniton has increased
and treatment unproved. The present mortaliy rate 15 esumated at
from 10 to 30 per cent

The attack may occur at any ume of the day or mght Unlhe
angina pectons there 15 no immediate assocauon with exerase
Indeed exercise seemns to speed blood flow and postpone the com
pletion of a clot and rest. which slows flow may permut occlusion
Sometimes a tustory 13 obtaned of unusual exernon whick pre
¢cedes by a dag ot two an attach which comes on duning sleep In
such cases 1t 13 conjectured that the scean of exeruon has sheared
off the weakened endothelmm over an athero: i

ma ot caused hemor
::age‘ o t‘:c base and that the slower erculanion of sleep allans
€ clot 10

o i ‘:n(eo “C:;\p‘e(e More often 1o ymmediate precipitar

Sull since the final occlusion depends on a dor, which may
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him, 1t 15 to lum that the credst belongs  So 1t may be sud of Her
rich and coronary thrombosts

Rapudly incrersing recogmition of the syndrome brought to
light the enormous problem of an affiction which strikes donn
Vvigorous men, more than twice as often as women, and 1n the prime
of useful Ife Nearly half the deaths from heart disease are now
telated to coronary artenial occlusion, 1n 1925 less than a third of
cardiac deaths were ateributed to any form of coronaty disease 1nd
occlusion was considered rare Istimates of the frequency with
which hypertension precedes occlusion vary from 20 to 80 per
cent It 1s all but certmin that hypertension predisposes to i, for as
with angina coronty occlusion rarely occurs 1n women 1 the
absence of increased artersal pressure diabetes or other defect pre
disposing to theroscleross

Predisposing factors are those of atherosclerosis three of these
~advancing age, masculinity and hypertension—we have noted
The others, though hardly less definite, ate not as clearly under
stood Obesity probably doubles the likelihood of coronary occln
sion The general impression 1s that incadence 1s most frequent
among heavy set muscular males A concomitant personaligy pat
tern which differs in detarl from that of essential hypertension has
been described The psychologic points of diffetence are believed to
lie 1n the greater tendency of those with coronary disease to project
their emotions so that they strive and dommnate are articulate and
companionable and overnorh toward a planned future The group
therefore tncludes 1t any level of mcome and social status those
who tend toward larger shares of 1chievement income and educa
tion The manifestations of the disease are more severe n sensitive
mentally overwothed and frequently robust or stout professional
and business men than 1n other wndividuals  (White)

The clincal mansfestations of coronary obstruction will evt

dently vaty greatly depending on the size location and number of
vessels occluded The symptoms and end results must also be nflu
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tation rate The beat ceases in the infarct 5o that it forms a passite
comporent of the yenmcular wall wiuch by roentgenkymography
at fluotoscopy may be seen o dilate 1n systole

The infatet mav extend to the epreardum A deposte of fibrin
chen forms on the surface and espeaaily when 1t 15 antenos causes
2 fncuon rub which appeats 1 about 24 hours and lasts for hours
ot days When the infarce causes necrosis of endocardsal endothe
am fibrn 55 deposied from the blood This mural thrombus 15
at first loose and weak 1 mesh since 1t encloses many cells thus
1t breaks easily and gves tse to emboh which since the snfascion
occurs most ofter in the left ventnicle pass snto she systemme arsenes
The resultant embolization appears in the bran spleen or hudney
or less commonly 1 the limbs where the volume of blood flow 1
smafler When the carduc symptoms wete shight os disregarded
the symptoms of embolization may fiest attract atenuon to the
underlying disorder

THE ELECTROCARDIOGRAM

The electrocardiogram 13 of preat unportance m the diagnosss
of myocardial wafarcuon since 1ts pattern 1s chatacterisuc 1n mose
than nne cases out of 10 The principal changes occur 1n the Q
S and T waves and 5-T segments They are wsually secorded in
opposite dections from the soelectnic line i leads I and JII The
patterns evolve theough one of recent infarcton presert wichin a
few hours and lastng for o to four weeks to one of Jate iface
uon and thence to the abhormalines of healed wnfarction Lead
I and chest leads ate greatly affected by electrical events o the
antenior surface of the lefe ventncle so that the more conspicu
©us changes of anterior infarcrion appear 1n there tecords Posterior
wnfarcuon 15 indicated chiefly by changes 1n lead HE The vatn
wons of these patteras of 1 certamn cases the absence of elec
wocardiographac changes 1 standard limb lezds have led log
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form slowly in the lumen manifestitions of 1ts presence my pre
cede 1ts completion These are found retrospectvely 1 40 or 50
per cent of cases to be present within the 24 hours or even the tvo
weeks before the attach Cardiac prun 1s the most common, although
dyspnea and palpiertion may occur The pun has the distesbution of
angma pectorss ind may occur 1t rest and pass off with excrtion
This 15 one of the puns the patient walks off These stgns and
symptoms are i fact almost dentica] with those of coronary insuf
fictency or cute coronary fulure (p 173) The sudden onset of
any untoward cardine manifestition tn 1 patent whose build nd
age make hum lible to coronry attenitl disese may be 1 warning
of smpending occlusion Unforrunately these precurrent spmptoms
are rirely premonttory (Lt praemonere, o warn before) 1n the
sense that they are recognized for what they are by putent or physt
ann

Consequently 11l but 1 few pauents are first scen after finil
occlusion Pun 1s preseat 1 all bue 3 or 4 per ceat of those who
live to tell their story Its character and distribution are those of
angin pectons from which e differs in that 1t 1s peolonged rarely
relieved by rest does not fully respond to mitrites nd 15 slowly re
lieved by morphine It 1s imuted to the upper 1bdomen 1 2 § per
cent of cases Like angnal pain 1t 1s presumed to arise from accumu
fation of metibolic products 1round nerve endings which 1n this
nstance et the margin of the infarct The fferent tronomic
stumuls also set off reflexes Loclly they cause vasoconstriction 1nd
systemucally cause vomiing gastric and intesunal distenton erinst
tory hyperglycemuir and glycosurin The frmulir clinteal fetures
(syncope feeble heart sounds imual shock hypotension changes
of rte 1nd rhythm dyspnet congesase fulute pertcedis cm
bolization  electrocardiogriphic abnormality) which attend and
follow the attrch dernve from the presence within the heart of
necrotic ussue causing fever leuhocytosss 1nd incresed sedimen
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COURSE

‘The effect on arenal pressure vanes The cardiac njury may
canse 1t o fall greadly at the onset, and shock may appeat 1o 2
hypertensive patient a fall of systolic pressure 90 mm. Hg 1
causual and omsnous Commenly i the sbsence of prolonged
shock or severe congesuse faslute the pressure rises 4 48 hours
to 5 premfarcion lesel and a secondary moderate decrease ap-
pess 1n 12-20 days ‘The pressute may remamn ac this decreased
fevel ot 10 some 1o thieds of pauents be restored to the ongmnal
lesel wichin weehs or months Most of those whose pressure docs
oot return 1o 1ts former level suffer from marked myocardial dam
age are dyspresc 1 falure and bedfast A very few are not, bur
tather seem wnproved. [n these st may be inferred that the pro-
Jonged decrease of blood pressute has somehow decelerated the
acumity of the hypertensive state

Shock, congesuve falure and the onset of ventnicular Fbnlla
won or embolzauon from a mural thrombus may cause death
dunng the first weeh Near the end of this time the ventricular
wall may soften and busst. This occurs 1 abour S per cent of fatal
coses 1t 15 three umes 8s likely when hypertension 1s present and
persists after mfarcuon and 15 less likely 10 the presence of hyper
trophy or when the scar of previous snfarcrion thicleas the wall
Thinmung of the wall which probably predisposes 10 fupture and
Jater results it cardiac ysm has been exp 1y shown to
follow exerase duning the Srst week after coronary higanon The
organzation of the star 18 nearly complete at about the eghth
week although further recovery of myocardial functon may be
expected. Berween the first and the eighth week pulmotary embols
zaton may occur from saphenous femoral or e thromby asing
on the basis of mmobdizanon slowed arculation and the throm

bouc diathess™ of certarn patents The hazards of sudden death and
of repeated tafarcaon persisy




184 ARTLRIAL HYPERTENSION

scally to widespread use of semudirect (chest esophageal) leads
These are often more accurate 1n their localizaton of infarcts be
cause they record the smpulses from points close to the heart and
the site of mjury

The record may also be used to establish the namre of an ac
companyg abnormality of electrical mechaaism As wich othet
electrocardiogriphic changes, the patterns of mfarction are more
surely interpretable when 1 previous record 1s avatlable for compan
son The use of multiple precordinl leads and the direction of tech
nic and mterpretation of records by one shilled 1n them will resolve
most problems of difficult diagnosis The anatomic nccuracy of elec
trocardtographic predictron 1s about 95 per cent

Among abnormalines of conduction and excitation which may
appear i the electrocardiogrim the mote important are heart
block aurscular fibnillaton alteenacion and ventricular extrasystoles
which proceed at tmes o ventricular tachycardim from which
fatal ventricular fibnllanon develops Venwcular tachycsdia
should be suspected when che heart rate suddenly becomes rapid
(180-200 per munute) while fundamentally regulwr 2nd unee
sponsive to carotid pressure

DiaGNosIs
Ths 1llness 15 now widely recognized We need not delay to
1ze chinrcal and lab y data and the observations which

establish 1t Conditions such s pulmonary embolization pesscasditss
asoruc dissection pneumonia herpes zoster and acute upper b
dominal disease may temporanly simulate some of the aspects of
infarction Pain alone possibly fright may give mise to abnormal
sties of T wave and S~T segment but not to charactesistuc abnormal
sttes of the QRS waves  If the diagnosis 1s uncertup 1t 15 much
better to err on the side of safecy (Gulbert) Thus 1s especaally
true 1 the trextment of a hypertensive suspected of having myo
cardial nfarceion
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40 per cent wege the result of recutrent snfarcuon 35 pet cent nere
sudden and atmbuted 1o ventncutar fibril 20 pet cent were
due 10 progressive congestve failute The more severe the mutal
ateack the longet its mamifestations ook to subside the more Tikely
was the evolution of myocardil imfarcuon into 2 course of con
gestne fatlute severe angoa and greaty restricted actunity  The
patent may be heattened by numerous accounts of sunnval of 20
years and more and especiatly by a 10 year survival in 23 per cent
of a group studted by Bland and White The presence of hyper
tension may shorten the esumated hife expectancy

Shoulder pain on the left more often than the nght with neak
ness and lmitavon of movement usually with evidences of reflex
sympathenc dyserophy 1m the hand may follow an artach by weeks or
months This complication whuch occuts 1n about 15 pet cent of

patients shontd be recognized 2s such and not attrbuted 1o recur
tent infarcuon

TREATMENT

The wreaument of myocardual infarcuon falls mto three phases
(1) prevenuon (2} treatment of the acute artack 1 1t typrcal
patrern and 1ts complicauons and (3) treatment ar the thied oc
fourth neek with astempts ditected wwatd restoranon 1o a5 acue
a hife as seems desieable These phases cortespond  respectinely 10
the prevennon of scierosis the reliet of pain and thwarang of death
and the p of a firm dual scar ded by healehy
tissae shich 15 nounshed by adequate collateral vessels With due
fegard (o tmprovements 1n trestmenr, 1t seems Idkely that the
proved prognasts of thus state over Herrick s early esumate 15 pardy
aunbutsble to the diagnosis of mild cases

Prevention —Preventive trettment must for a time remun 2
matter more of guess and resolve than of undisputable accomplish
ment It consists of arempted conerol of hypertension overnuen
twon and other predusposing states Should premonitory symptoms
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PrOGNOSsIS

Immediate mortality increases with advancing years repeated
attachs and pre exssung hypertension It 1s therefore greater
women 1n whom infarcuon 1s usually associated with hypertension
and advanced 1ge A history of anginn pectorss 1s favorable, posst
bly because the 1schemta of angma sumulates the formation of col
laterals The punless 1nfarct, in which pain 1s obscured by shock
or cardine fulure 15 usually freal Mortlity 1ncreases from 18 per
cent 1n patients without dyspnea to 62 per cent in those 1n whom
1t 1s severe while the degrees of shock and cyanosts similarly paralel
mortality The degree of necrotic absorption indicated by fever and
leuhocytosis 15 significant, moreality wis 16 per cent 1 those
whose leuhocyte count did not exceed 15 000 and 54 per cent 1
those with higher counts To these unfavorable fictors mty be
1dded the persistence of pun for more than 12 hours 1nd of fever
and leukocytosis for a week or more rapid and marked cardiac
dilaitiion  protodnstolic gallop rhythm  ventricular parovysmal
tachycardia heart block pulsus alternins pulmonary edema with
or without caedine asthma dropsy and embolic phenomena The
commonest ciuse of death n this phase 15 congestive fulure

The prognosis after heiling 1s more difficult to cvaluate The
mean duration of life i one group (Rosenbium 1nd Levine) was
44 months and the medn 1bout 25 months Angmn perststed of
appeared 1n tno thirds of the group In 1 few who were previously
subject to 1t angina disappeared presumably because nerve endings
in 2 formetly parunlly ischemic zone wete now destroyed Conges
twve failure appeared n half the group Despite these disabilies
about three quarters were restored to full or partnl actnaty, the
larger proportion was composed of those whose tfarcts were pos
terior Women 1n conteast to men lLived shorter Ives mamtuned
less actavity and mote often developed congestive farlute Nearly all
(95 per cent) of these pients deaths were from cirdnc ciuses
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sue s which 115 retennon had made it seem weffecnve In such
sceuations i¢ ss probably becter to give a small dose (Vs ot 112 gr
Bor 5 {mg) nwavenously Auopine (1/75 gr 08 mg ) 1 gnen
subcutaneously w1th the first dose of morphine A cotonary wasodida
to eher papavenne (Va-1% gt 50-90 mg) ot theophylhine
with edylenediamune (33471 gr 021-048 Gm.) 15 gnen
slowly intravenously through a 25 gage needle withdranang blood
10t0 the syunge from tme to tune and controlling the sate by
ceasing imjection when the pulse speeds or weahens

It che patient 15 not thete already he should be put 10 bed
preferably n a Gaxch bed. An ordinary bed 15 provided wth back
nd koee tests and the head tased on a chaw ot blocks of wood.
Once there whether m the hospital or at home he should not be
moved under circumstances short of fire for three nechs

Oxygen 1s bronghe o the bedside dyspnea pulmonary conges
won Cheyne Stokes respiration cyanoms shock or untomard casdiac
rhydums are mdications for xs use 1 concentratians of from 59 to
100 pet cent. The lower range of concentratons (50-75 per cent)
may be secured comforrably by a tent or mote rapidly by a nasalt
catheter snserted 10to the orophatynx ‘The use of a catheter requises
applicanon of a surface acung local anesthetic ommement s trach
diraugh the nostnl lubrication and removal of the catheter and
¢ inseruon 10 the opposite nostnd once 1 24 hours The most saus
factoty device 1 the oxygen mask Severe symptoms require the use
of 100 pec cent oxygen for which the mask 15 the most pracucal
means with the gas delivered at a rate of 12-15 L. per munute The
absence of cranosss docs aot mdicate that oxygen 15 useless Barach
observed  Even though che oxygen saturation of artersal blood
may be nosmal 1t should be borne 1n mind that the rhalavon of
100 pet cent oxygen 15 accompaned by 2 significant werease 10 the
Physically dissolved oxygen of the artenal blood leading 10 the
collateeals of the occluded blood vessel Thus results i a substan
ual increase n the pressure of oxygen avarlable to the heart muscle
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appear, bed rest 15 desitable, not because 1t will prevent the ae
veloping occlusion but becuse the supervision 1t 1mplies should
enable the physician to Limut the effects by 1mmedate treatment
Controlled admunustrition of anucoagulants such as heparin and
dicumarol® might stave off threatened thrombosis But these ate
two edged swords since the mumal hemorthage on which occlu
sion so often depends may be increased when coagulanon 15 1n
hibited Papaverine (3 gr, 02 Gm ) three to four umes a day
orally may be given as 1 vasoddator and mhibicor of venceicular
wntabihity, and atropine (1/75 gr, 08 mg ) three umes a day
subcutaneously as an inhibitor of reflex vasoconsteiction Although
experimentally mdicated nerther procedure 1s chinscally established
However, since 1t will remun impossible to prove the advantage of
procedures aimed at preventing imminent myocardial infarction
the logic of the situation demands 1 routine of rest and appropriate
medtcation

The acute attack —The attack and 1ts treatment may be con
sidered as carrying through the first three weeks Too often early
treatment 15 delayed because the physicran uncertamn of the diagno
sts, fears to alarm the patient or even when sure of his ground
believes that bed rest and nursing care are all that ¢an be done
(Gilbert) In some cises the ditgnosss must at first be obscure
The physician whatever his feelings should present himself as e1sy
quiet confident neither indifferent nor alrrmed Although he must
Lnow that he cannot abolish an occlusion by acting quickly he
can do much to control 1ts consequences

IMMEDIATE MEASURES Morphine (14 gr, 16 mg ) subcutine
ously 1s usually the first drug given and 15 repeated at mtervals of
30 or 60 munutes as necessary for pamn for three or more doses
Shock with feeble pertpheral circulation and some dulling of the
sense of pan demands that less be gren This 1s because the re
stored circulttion which follows relief from shock may disastrously
pour 1nto the veins a pool of morphine from the subcutneous 1
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The sum of the evidence gathered 15 that the bazards of the use
of anutoagnlants do pot dicate thewe ad when
smsh(\or; <eqal measitements of prothrombin tme can be made
a0d that with dhus safeguard and with adequate dosage the use of
dicemaral® greaty reduces the madence of thromboembolism and
definitely decreases mortality It s of course contrandicated 1n the
presence of hemorthagic diatheses The fact that 23 deaths have
been attributed 1o dioumarol® suggests that it shovld be used with
caunon 1 pauents with severe hypertension and a hustory of cere
beavascular accidents Suil the broad expenence of Wright, Allen
Barker and Nichol shows that 1t can be used 10 2dvanmge even in
vety senous crcumstances and thar under proper safeguards 1t 15
compatansely haomless

Stnce dicumarol* does not have an unmediate effect anticoagy
fant weatment 15 wsually started by ging enough hepann meave
aausly to brng clotng ume t0 3045 minues (shen normal
urme 15 up to 10 mumutes) Dicumarol® 15 given 10 a dose of 300 mg
oratly the first day The prothrombin ume 15 measured the nexe day
before the second dose 15 dearded on Usually the second dose will
be 200 mg and dus will be repeated duly to mamtan prothrom
bin tume 1n the range of 30-35 seconds (Lank Shapiro method
aotmal 15-17 seconds) An addimonal 50 or 10D mg ma be re
quired to reach this level Dasage 1 decreased or suspended whea
the ume s greater than 35 seronds There 1s 00 immeduate need for
weatmeny by transfusion and viamin K (60~75 mg rateavenously
every four hours) unless the prothrombin tme exceeds S0 or 60
seconds The customary treatment 1s merely to hold off further dos
age uned che poothrombin ime reaches 30 seconds when the
amount 1o mamntan the level berween 30 and 50 seconds 1s deerded
on as 50 100 or 200 g depending on previous responses

The aim 1o stheduling dosage 1s to mantan prothrombin ume

betneen 30 and 50 seconds dunng eh
g the three to fo
thromboerbohism s to be feared e weks i huch
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which may munta che funcuon of the crculation as a whole
even in the presence of 1 considerable 1rea of infarcted and func
tonless cardiac muscle In sevete cases oxygen treatment should be
conunued for approximately five days after onset of the attack
Overbreathing as from pain, may cause loss of catbon dioxide and
a tendency to 1lk1losts which in turn sensitizes vessels to constric
won This hyperpnea may persist when oxygen 1s used A catbon
dioxrde defiat due to overbreathing s evidenced by decreased
plasma content of carbon dioxide and alkalinzation of the urnne
It 15 countered by admunistering low concentrations (25 per cent)
of carbon dioxide with oxygen

ANTICOAGULANT TREATMENT The discovery of dicumrol®
was fasanatingly told by Karl Link m the Harvey Lectures of
194344 Trom us first rsolation 1t was obvious that the drug
would serve 1n the treatment of primary thromboembolic disease
Several clinicians later independently developed the view that it
might prevent thromboembolic complicttions of myocardial infarc
uon In 1605 cases in the literature Hellerstein and Martn estt
mated the incidence of such complicauons as 115 per cent But
evidently as 1 result of mcreased awarcness and more searching
examination they found an 1ncidence of 45 per cent 1n 160 cases
of their own In order of frequency the sites of embolizanon are
the lungs hidneys spleen extremiies and bram In general 1t s
conceded that these complications 1ccount for about 20 per cent of
deaths from myocardial infarction Consequently thewr prevention
should 1n theory do much to reduce distbility morbidity and mor
tality
The problem could not be answered by scattered studies of small
groups of patients Consequently under the acgis of the Americin
Hearr Assocation a group of avesugators headed by Irving Wright
set to work on 1 staustically sound clinical trial aimed at evaluating
the advantages tequisites and dangers of dicumarol” treatment 1
patients wath myoctrdial infarction
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wsolation may do hatm by causing anxiety The shilled nurse s per
haps the best judge of the good or hurt they may do Complete
mental relasavion botdening on dransiness 15 obtaned by morphine
guven only then pam persists ot by hypnotics such as amytal * pen
tobarbiral (144 g 01 G ) phenobarbial (14 gr 005Gm) or
chlotal hydrate (10 ot 15 g5, 065 0r 098 Gm ) thtee umes 3 day
sepatately ot 10 alternanon Alcohol in some agteeable form neither
wed nor 1n carb d waters butes to rel and 1n small
doses (V21 oz ) threc ot four nmes a day may substitute for other

sedation Coffee 1s given only m cafferne frec forms Smoking 15
forbidden

The diet at first should be hiquid provided every four hours as
broth milk ot frut yuice (not 1ced) and after a few days sofr as
custard apple sauce coohed cereal (neither hot nor cold) and never
guen with msistence An mtake of about 1 500 calories 1s adequate
Flud snake 15 mameaned at 2 500-3 000 cc dasly There 1s noth
ing to show that any reasonable volume of swaflowed water can be
4 lo2d on the heart except by reflexes which a large volume of ced

wa et can release from the stomach The discamfort of debydration
15 aa avoidable butden

Distention apatt the bowels need not be considered for two or
theee days A 1 or 2 oz ol ot glycenn enema ts then gsnen and
tepeated as necessary All patents should use the bed pan those
wbo make hard work of 1t may be moved to 2 commode beside the
bed for evacuauan of the bonel After 48 hours 2 gentle faxause

(cascara, muneral ol and agar mah of magnesis) may be
scribed darly * e

The regume 1 best secuted through careful skilful professional
nursing Special care should be contnued ar Jeast tno weeks

CompLicaTIONs A common complication of the eatly course
15 abdomsnal disteation Stace 1t decreases coronary biood flow 1
may be d as well as uncomforrable Heat 10 the abd
turpentine stupes and insertion of 3 rectal tube may selieve it When
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THE FIRST DAYS Morphine 1s continued as necessary for pam
Reflex ectopic thythms may be inhibited by atropme (1/150 gr,
04 mg) given at four, six or esght hour ntervals m the first 24 or
48 hours Vasodilation 1s sumulated by repeated perhaps alternat
1ng use of papaverine (3 gr, 02 Gm ) orally three to four trmes a
day or (14 gr, 01 Gm ) mtravenously every three or four hours
or ammophylline (334 gr, 025 Gm ) ntravenously every four
hours The two drugs should not be given 1t the same ume but may
be given one or more hours apart The dosage of atropme 15 de
creased 1n the presence of tachycardia and discontnued when the
patients condiion seems stabilized that 1s, at about 48 hours
Papaverme ahd ammophylline m1y be continued Of the two p1pav
erine because 1t acts s a vasodilator and a ventricular depressant
may be the more useful If st relieves pain, 1t may subsutute for
quinidime (3 gr, 62 Gm orally every stx hours) which also nhib
its the abnormal ventricular rhythms which go on to fatal fibnlh
tion Complete auriculoventricular bloch rarely present, 1s a pre
sumptive contraindication to the intravenous use of papaverine No
obvious benefit my be observed from use of these vasodilators Sull
the need of the heart for blood 15 so great and their value so convinc
ing experimentally that we would continue their use

LATER Days Although the emergency of the first two or three
days may pass without complications the ums and modes of treat
ment are lietle altered The physician s purpose 1s (1) to reduce to
2 munimum the demands on the heart, (2) to encourage collateral
cireulation and 1nhibie thrombotic spread and (3) to prevent and
treat complicattons

The work of the heart 1s reduced by rest physical and mental
The patient 15 given no occasion for unnecessary movement He s
fed during the first week Nonessentinl examinations which require
movement are left undone His visitors the immediate fanuly and
close friends are selected and mstructed on therr behavior which
should not cause anxtety or any violent change of mood Complete
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conunued 1n 3 gr doses (02 Gm.) three umes 3 day after meals
It 1» not ta be gaven ntravenously or 1 the presence of severe aunc
aloventtiontar bloch A synexgism of qumdine with strychnine sul
fae (1740 gr 16 mg) may be weful pamcularly to control
suncelee fiballaton when given orally three umes 2 day When
quindine and paparenne do not suffice magnesium sulfare (10-135
cc of 20 pet cent solunion) may be injected intravenously the heate
rare serving 35 a guide to the volume and speed of the injecton
Potasstum chlonde (15 01 30 g1 Lot 2 Gm ) every o oOF four
hours otally may be given zlone or with qumdine ot papavenne
Abnormal aunculae thythms unless they lead 10 nidyorda o
congestve fatlure are not usvally cause for concern Paroxysms of
Butter or fibnilanon whuch do not subside of themselves may be
checked by qumdine (gnen m the manner described abave) or
dipstalis
) Congestive heart fatfure 15 most common just as occlusion
15 most aminous 1 older panents and in those who suffer from
hypercension. An emetgency may be nded over by venesection or
bloodless phlebotomy The lawer cansists 1 applicanon of blood
pressute cuffs atound the four lumbs alternately brought 1o and
teleased from dustolic anenal pressure Recent evsdence sndicates
chat inducton of high caudal anesthesia may 2lso ap blood m the
vewns belos. the level of the anesthesia and thus reduce effecuve
axcntanng Hood volume Oxygen 15 guen (100 per cent 12-15 1.
pet munate) Glocose {30 cc of 50 per cent solution} may be ad
miistered intravenously every mo or three houss Its value 1s ques
woned Mercunal direncs reduce the blood and atersutial fluid
volumes and thus decrease the load on the heart, Death, which
resuhsdm a few tare cases from thews 1ntravepous tnjection 15 ap-
i:n“;::m)' due to ventcular Gbnlianon 0 which the patent with
on s predisposed. Injection of 1 ec of 50 per cent magnesmm
sulfate with or just before the mercurial 15 clamed to lessen dus
nisk (Pines et al ) But, 1n vies of the tisks of 1NMAVENAUS $njectson
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they do not suffice pitressin® should sull be avouded, although the
atropine like drugs trasentine® and novatrine® may be used by m
jection Hermann suggested the use of estrogen as estrone® (1 mg
mn oil) mneramuscularly

The other complications of the early course are n order of
frequency and tme of onset (&) acute circulatory fatluce (5)
arthythmias (¢) congestive farlure and (4) embolization

a) Acute arculatory failure 15 expressed as shoch and charac
tenized by dulling of consciousness, farlure of cutaneous and pe
ripheral blood flow indicated by pallor and cyanosts of hips and nail
beds oliguria hypotension thready pulse and restlessness The syn
drome 1s 1t appears after myocardial infarction seems to be dve 1o
fatlure of the heart to mamtun 1ts output and 15 n face the pat
tern of fornard fulure Shock demands the use of 100 per cent
oxygen prevention of undue heat loss and elevation of the foot of
the bed A hot room (over 85 T ) or arufictal heating may 1ntensify
the arculatory defictency Hot water bottles are more dangerous
than useful for the slowed circulrtion does not carry Amay their
heat 1f the feet are cold let no busybody burn them A smull
transfuston of blood or plasma (150-200 cc ) may be grven intra
venously at a rate of 4 ¢ per minute Theoretically this siuation
could best be met by 1ntr1 arternal transfusion The value of this i
under study Sumulation of myocardinl glycogenests his been the
theoretical basis for the recommendation of infusion of 100 cc of
50 per cent dextrose Murphy recommended the concurrent infusion
of amnophylline with the glucose solution

b) The more omnous arrhythmias ate ventricular and consist
of frequent premature systoles and ventricular tachycarda Both
may be prevented by papaverine or quinidine Intravenous snjec
tion or large oral doses of papaverine may temporanly check them
quimdine may be given orally after 1 test dose (3 gr 02 Gm )
1n doses of 6-15 gr (04-1 Gm ) every three or four hours unti
the desired effect or toxic symptoms appear and 1f found useful
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contimued 10 3 gr doses (02 Gm ) three umes & day after meals
t 15 0ot to be gwven wntravenously or 10 the presence of severe aunc
aloventricutar block. A synergism of quimidine with strychnme sul
fue (1/40 gr 16 mg) may be useful parucularly to contsol
susicalar fhaliavon when gven ofally thiee umes a day When
quiadine and papavenae do no sufice magnesium suifate (10-15
cc of 20 pet ceat solunion} may be myected mtravenously the heart
rate serving as 4 gude ro the solume and speed of the mjecton
Pomassum chloride (15 of 30 gr 1 or 2 Gm ) every mo of four
twurs arally may be gheo alone of with quitudine of papavenne
Abnormal auriclar thythms unless they lead o tchyeardia or
congestive fatlure are not usually cause for concern Paroxysms of
futrer or fibtllaton which do not subside of themselves may be
checked by quumdine (given 1n the manner descobed above) or
digstales
¢} Congestne heart failure 15 most common fust as occlusion
1s most ommous 1n older patents and 1 those who suffer from
hypecrension An emergency tay be tided over by venesecuon ac
bioodless phicbotomy The [atter consssts tn application of blood
pressute cuffs around the four hmbs alternately brought w 20d
releastd from drastolic artena) pressure Receat evidence iedicates
that inducnion of hugh caudal anesthiesia may alsa teap blood s the
vews below the fevel of the aresthesa and thus reduce effectine
circulating blood volume Oxygen 15 grien (100 pec cent 12-15 L.
per minute) Glucose (30 ec of 50 per cent soluton) may be ad
ouns tered intravenously every o or three haurs Ies value 1s Ques
uoned Mercunial dwrencs reduce the blood and sneersutal fud
volurmes and thus decrease the load on dhe hearr. Death which
tesults o a few rate cases from there meavenous WiECtion 15 ap-
e e s S
sulfate with or just bdm‘:I :h:z,o e 0f 30 pex cent MAENEOm
sk (Pines es ol ) But 1 vy eunia) 15 chasmed 1 lessen s
e% of the nisks of intravenous injecnon
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the slightly more uncomfortable tramuscular route 15 prefetred
If digitalis has been given, any tendency to intoxtcation from it
should be excluded 1nd uts use suspended for a day before using
the diuretic

Digitalss 15 not to be used routnely in nfarcuon, those whose
hearts are not dilated 1t may make worse It is given for congestive
fatlure and for ventricular tachycardin due to aurtcular fibrillaton
which 15 leading to congestve fatlure The dose of powdered leaf
1s about 10 or 20 per cent less than would be grven the patient had
he no recent infarct The tradiion that digitalis predisposes to ven
tricular rupture dies hard, 1t probably arose from the fact that the
patients who most often require 1t are the most subject to this
catastrophe Intravenous use of a cardiac glucoside demands speaal
considerations detatled by various authors Belief that digrtalis 10
creases blood coagulability and predisposes to embolization 1s a0t
satisfactorily proved

4) Emboli may be cardiogenic and ventricular, atising usually
1n the left ventricle by the fracture of 1 mural thrombus and caus
1ng actertal obstruction 1n the brain kidneys spleen or Limbs alter
nauvely, the thrombus may be auricular Such embolization 15 pattly
unavordable The commoner source of emboli 1s a pertpheral throm
bus formed 1n a vein of the lower half of the body which obstructs
a branch of the pulmonary artery This embolezation 15 largely pre
ventable The principal means of prevention is the controlled use
of anticoagulants espectally dicumarol® (p 190) Subsidiary means
of preventton are measures which tend to prevent stignation of
blood 10 leg veins Immobilizaton with the back raised and the
knees bent slows the blood flow 1n leg veins other positons mdy
be difficult to maintun and the alternative of cxescise of the Itmbs
may jeopardize the heart The problem has been vigorously posed
by Willam Doch whose disungwished father 1n 1896 was one of
the fitst chimicrans to make the diagnosis of myocardial nfarcuon
dunng life Tt resolves stself mto selection of the lesser of two evils
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The sofation may he i frequently tepeated passtve exercise of the
fegs during the first weeh Leeping the feet and legs warm in the
intervals and at about the second week the begmning of assted
acune leg exercise and elevauon. Massage may be belphul

Pulmonary embolization 15 probably made vorse by the reflexes
hich the local artenal obstncnon teleases Asropine subeutane
ously of intravenoosty and 100 pet cent oxygen afe goen ymme
duely on tecopmuon folfoved by papavenne s caously
Putmonary embol s tately an available procedure On the
othet hund penpheral cardiogenic embolizauon  paruculatly of a
large and accessible arrery iac saddle thrombus of sotuc bifurca
won) 15 a0 indicavon for embolectomy The decsion to operate
depends an the shall of the surgeon and the possibility of controlled
POSEOp ¢ we of gul Embol! of leg attenes
wsually demands only paravertebral sympathetic blockh and the
repeated use of papaverine

The drugs to be avorded dunng the first three weeks as unnec
essaty or harmbul are those contraindicated 1n angna pectoris
{p 171) with the probable addion of the munte vasodidators and
acoie cathacucs The wansient byperglycemia and ghycosuna caused
by the traymatic onset of wnfarction should not be tonfused with
diabetes mellirus lafarcuon may be associated with acetonuria {dis
closed by the muoprusside test for acetane) and dyspnez and
clouded consciousness due w circulatary farfure I¢ 18 diferentiaced
from diabetic coma 1 pare by feeling the axillae these 1n duabetic
coma are dry

Late treatment —Early weatmen shades mto the Jater coutse at
about three wetks The diet should now be established at a level of
subcafonc {1500-2000 calones) futnton with adequate patat
able protesn ravon {1 Gap perkg ) Viamn supplements notably
those of the B complex may be presceibed The drug treatment 15
lzj;h:e ::0:‘:‘0“\:1 o’lr_;l Zasoddmts unless especally indicated,

e ducation of complere bed resr from four



198 ARTERIAL HYPERTENSION

through the classic six to eight weeks or more, depends somenhat
on the apparent damage done by the infarct

Passive exercise and later active exercise of the 1rms and hands
follows chat of the legs this may prevent residues of suffness m the
shoulder joint and palmar contrctures which may complicte the
course 1t this ume The response to such mmor ctvity will ad 1
determining the ume when the patient will be alloned out of bed
and will gne a clue to the fuwre course A minrnal convalescence
of one or better two months 1s mantuned after the pauent ss first
allowed up The prolongation of this to three or six months, some
of which 15 spent 1 a swieable sp1 under adequate medical superst
sion may be advised Thereafter noncompentve pursuus and fre
quent vacations should be encouriged A return to stabtlized normal
acuvity without peaks and valleys 1s destrable It 1s not dvisable
for the patient either to travel or to Irve 1t hugh alutudes

A general psychotherapeunic orrentation developed along the
lines discussed 1n Chapter 7 should be begun That an encouraging
but realistic prognosis should be given 15 obvious The patient will
probably know that death may come suddenly It ss the duty of the
physician 1nd famuly to aid the patient toward 2 pomt of view m
which he does not feel with the poet Temtor mortss conturbat me
(The fear of death disquieteth me) Should the macuon and re
straints seem too great or the proposed pattern of life intolerable
minor overt psychotheripy may resolve the conflict which prevents
the patient from domng what intellecrually he 1s convinced he
should

Persistent angin1 ind congesuve failure are teated long the
lines recommended 1n the appropriate chapters They are mdict
troas for a greatly restricted dier such as that prescribed by Master
strcher Grishman and Dach One amm of the diet 15 to dectesse
physic1l demands and interests Asother possible effect 1s the re
gression of atheroma By this means a comfortable hfe may be
secured without nisk Dietary restriction unless severe will hue
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\ntle effect on pauents whose accual weght approximates xhe(ui:al
notmal The presence of hypertension rases the problem of low
sodwm diers Unul exact knowledge aids 10 selection of panents
a1l of whom will respand to sodum testriction probably most pa
wents would do well to complete thew cotonary cont alescence by
an adequate test of 2 low sodiem diet {p 357)

SPONTANEOUS RUPTURE OF THE AORTA

To a degree relatnely greater than theur wnereased liabiliy 1o
coronary occluston hypertensives more often than notmotensives
are subject to dortic ruptute Since this unusual condition may sim
ulate corpnary occlusion 1t 13 considered at this pomnt.

Aortic rupture usually with extravasaton of the blood directly
through the sorne wall occurs 1n a few cases 1 the absence of
atherosclerons os hyperiension or 20y eamly defined local lesion
The presumpume bass of such ruptute 15 2 congenstal wtimal de
fect the 15 confirmed by a pred D

P
aorec hypoplasia or coarctation.

Aorue rypture complicasing, hypertension 15 usually associated
with atherosclerosis and 1n most cases with a specific medial degen
etanon caffed medil ¢ysuc necrosis The lesion consists of Yoss of
muscle and elasec fhers and the fotmavon of mmute gsts which
contam a mucod substance Ruprure ta suck cases s icomplete a1
the outser comsmonly 1t penetsates the adsennua m 2 fex dags
A sma prop of these heat The pl
extravasation forms what 15 hnown as dissecting aneunysm The
tesion 1 50 named because the extrmvasation splus the ¢ystic media
20d penecrares the advenuna ay 2 pomt ohen distant from the en
senng inumal eear Lo not properly an aneprysm suce ses walls are
not endothell and clottng 18 rapid the lach of crrumferential
elasnic tissue predisposes to p of the ad

Diagrass—Thus 15 difficult, bur wih ncreafing fecognition
antemortem drignosss 1s made m abous 20 per cent of rases

to ruprure
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The patient 15 usually 2 male who has hypertension The onset
with tearing or crushing chest pain ssmulates myocardual infarction
The pain of parual rupture 1s commonly severe and not readdy re
heved by morphine It differs from the pa of mfarction i that it
does not commonly radiate to the arms 1t radrates to the nterscapu
lar region and may travel down the back from the nech to the legs

The symptoms and signs are (1) those of extravasation (fever
and leukocytosts) and (2) locally those caused by iterference with
arculation The Jocal signs vary as extravasation progresses tonard
or away from the heart and from 1ts more usual pomt of origin m
the ascending 1orta A cardiad direction leads to encroachment en
the aoruc ring so that sudden onset of aoruc isufficiency with pan
in the back or legs clearly indicates dissection A coronary artery
may be occluded Such an extravasation s usually completed by
rupture nto the pericardium, with cardiac ramponade or into the
mediastinum or pleura

Distally directed extravasaton causes signs which vary with the
arterses whose aortic mouths are compressed by the hematoma
Carotd or innominate occluston causes cerebral symptoms, 1nnom
nate or subclavian occlusion marked asymmetry of artertal pressure
The more common signs arse from obstruction of a renal artery
with renal infarction and of arteries to the lumbar cord, with pam
and partral or complete paraplegia

In contrast to myocardial mnfarction, the height of the blood
pressure 15 maintained or somenmes mncreased and the hert while
enlarged shows no weakness of sounds or charactersstic electrocar
diographtc change The diagnosis may be confirmed by radtographic
demonstration of suggestive distortions of the aorea or one of 1ts
branches

‘The prognosss at present highly unfavorable may lengthen into
years as has that of myocardial infarction Minor so called stlent
dissections ate thought to occur and even a cleatcut syndrome maj
be followed by recovery
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Treatment —Treatment is syMPOmanc 1t consises of bed rest
sedavion with doses of morphine suficient 10 control pan and the
exclusion of surgical operauon for acute abdomen rema} cobie ot
astenial embolism
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The pavent 15 usually a male who has hypertension The onset
with tearing or crushing chest pawn, stmulates myocardnl infarcuion
The pam of parttal rupture 1s commonly severe and not readly re
lieved by morphine It differs from the pain of infarcuon 1n that it
does not commonly radate to the arms, 1t radites to the interscipu
Inr regron and may travel down the back from the nech to the legs

The symptoms and signs are (1) those of extravasation (fever
and leuhocytoss) and (2) locally those crused by mterference with
arculwuon The local signs vary as extravasation progresses tonard
or away from the heart and from 1ts more usual pomt of ongin
the ascending 1orta A cardiad direction leads to encroichment on
the aoruc ring 5o that sudden onset of aortic insuffictency wath pam
1n the back or legs clearly indicates dissection A coronary artery
may be occluded Such an extravasation 1s usually completed by
ruptute nto the penicrrdium with cardine tamponade or 1to the
mediasttnum or pleura

Distally directed extravasauon causes signs which vary with the
arteries whose aortic mouths are compressed by the hematoma
Carotid or innominate occlusion causes cetebril symptoms mnom:
nate o subclvian occluston marhed asymmetry of arterial pressure
The more common signs arise from obstruction of a renal attery
with renal infarcuon and of arcerses to the lumbar cord with pan
and partial or complete praplegia

In contrast to myocardial infarction the height of the blood
pressure 1s muntained or sometimes tncreased and the heart while
enlarged shows no weakness of sounds or charactersstic electrocar
diographic change The diagnosts may be confirmed by radiographic
demonstration of suggestive distortons of the nort1 or one of 1ts
branches

The prognosts at present highly unfavorible may lengthen into
years as has that of myocardtal infarction Minor so called stlent
dissections are thought to occur 1nd even a clearcut syndrome may
be followed by recovery
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Sull most of the common methods of treatment have long been
established Tt s by applying these that the physician does much to
alieviate the pauents dustress and hold the condion o check dut
ing onths and ¢ven yeNs

Congestnt, heatt failure often develops slowly dunng months
and jears of myocardial suraw and cardua¢ hypertrophy On the
other hand as we have seen 1t may be suddenly preciptated by
myocardial infarcuon 1n which case 1t 2dds to a gloomy prognosis
O 1t may slowly appear 1 a patient who 15 alread) the vicum of
snpma pectons o1 cotonaty msufficiency Semetsmes 1t 15 brusquely
set off by the anset of aunicular fibrdlavon when it can be as dra
magcally rebieved by quimdine (p 194) In o fes patients as a
matter mote of academuc than chinical nterest, the debate aases as
1 whether congestive falure 15 to be aunbuted to hypertension of
to rheumatic heart disease when both conditions are present

MECHANISM

The observations of Stead McMichacl and others who base
their conclusions on determunanons of cardiac ourput by the cathe
tenzauon method of Cournand have greatly clanfied some of the
mechanisms of this condion  Earher observauons (Schroeder
Schemm  Mernll) established the postion of the sodmm sor m
pathogenesis and treatment

The ultmate causes of congestve heart failute of slow onset are
cardrac hypertrophy and overnork Bermeen them there resuits an
encroachment on the cardiac reserve untid 16 becomes madequate to
the pavents needs Hypertrophy does cis by increasing the size of
muscle fibers beyond dhe level of efficent nutnnon And the stram
and overwork of mamtaning a high arteral tension further narrow
the gap berween what the heart can do and what 1t must do t0
m'unt:;:n ; noemal arcularion As the point of fadure 5 reached
ven the chemical consutuno:

There s for example a de;z:::&:‘n:h :}:cyfca e e
eanne which thus becomes
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III CONGESTIVE HEART FAILURE

Because congestive cardiac falure 1s that manifestition of hyper
tensive heart diserse which most often causes disability and death
1t 15 the most important to the clinictian Paradoxscally this common
and significant condition 15 sn many quarters the least well under
stood and 1 a few the least well treated Of course the basic mech
anisms of congesuve fatlure have not been clariied to everyones
sausfaction although much has been accomplished 1 recent years
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definmon the absolute Tevel of carduc output may ot be low It
may even be st fly hugh, 25 m thy 085 D 1N AIENO-
enous fistula, Bur, for any given fevel of meubolic need, 1t 18 tover
than 1t was when the patsent was well and lower than it will be
when his heact 15 fully compensated agus Actually m congestng
heart failure associated with hypertensive heart disease the lev el of
carduac output 15 usually somewhat below the normal aversge

More particulacly when farture 15 of sudden onset so that there
1 no tume for the accurnulanon of penpheral edema and when as
i hypetcensive disease 1t 15 the fefe ventnicle whuch 15 under the
greater sueain there may be a temporary disparity of output between
the ventricles so that Ailling pressure maust sise on the left before 1t
agan puts out as much a5 the night side has ducharged o the
Tungs Thus increase of lelt auticular pressure results sn venous con
gesuon 1n the tungs Pulmonary congestion and edema ses off reflex
wnpulses which tesult 1o dysprea and discomfort Since nervous
sumuls are among the prncrpal determinants of the levels of both
carduac outpue and arcerial tension 1t 15 not surpising that a vicous
cycle of pulmonary congeston—dyspnea increased left ventmenlar
strain and relarnely decreased cardioc outpue—is set 1 srain This
same maechanism probobly obtans 0 congese fatlure of slow
onset although in such cases 1t has other concemuants

“Whenever as Leiter says  the curculauon 15 exposed to stress
whether fram sudden large hemorchages loss of arculaung plasma
o a traumatized area or other types of shock or dehydranon all
sssocsated wath an nodequate cardiac output a redistrbunon of
available hlood flow occurs whereby the more vital OIZADS e Supe
plied ac the expense of blood flos 10 skin muscles gastraintestinal
tract and kidneys In the kidneys as »e and athers have shown the
onset of shock 10 say nothing of shoch aself leads o 2 profound
decreast of senal Blood fow and glomerular filteation Some de
crense of renal blood flaw and glomerutar &liranon beyond normal
levels or the levels the patient can reach aa adequate treaument 15
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unavailable to form creaunephosphate for contraction energy Fu
nally fulure seself provokes sull more hypertrophy so that heaet
farlure runs 1n a vicious cycle

The overlapping of the need for work and the capacity 1o per
form occurs first during effort, especially durng effore associated
with emotional strain This 1s because nervous even more than
hemodynamic factors determine the level of cardiac output and
because output 15 especinlly increased by anxiet; The pattent says
that at such umes he loses his breath Later the overlap appeats
during ordinary effort or during munor emotional strains, and Jast
1t 15 present 1t rest and even during sleep In all these siuations
farlure 15 predisposed to by even munor infecuons, presumably be
cause the catabolic impulse of mfection or trauma aids 1n depleting
the chemical structure of the myocardium

Allbute chrvalrously suggested that this process be called car
diac defewt and not erdrac fulure  He thought that the heart 1
hypertenston s honorably overcome by superior force and he was
unwilling to grane the impheation that 1t had shamefully surren
dered 1ts task One ment 1 this phrasing 1s the sense 1t gives the
physician of his particspating as an ally rather than as a meduatot
of terms He should recognize that had he been able to find means
of mamtuning artensal pressure 1t more nearly normal levels
throughout the preceding years the possibility of cardre defert
would have been staved off ot even avoided Alternatively, had he
been able to increase the number 1nd size of the myocardial capil
{aries and pechaps to change the I1ws of physical diffusion farlute
mught have been postponed Bur lacking these beggars horses he
must deal with the situation as he finds 1t and as an ally

In so doing a concept of the mechanism at faule 15 very helpful
The fundamental fact as phrised by Leiter s that In congestine
farlure the output of the heart 1s intdequate for the body s require
ments even at rest and cernmly dunng exercise or any other con
ditton that increases metabolism and the load on the hearc By this
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The snctease 10 venous pressute and the preceding wcrease 0
blood volume have suil oxher effects One 15 an smereose first i 1¢
cacn flow and then 1n both flow and pressure of reruta of blood to
the nghtsentrscle Unable pechaps ta tansmut dus excessive volume
1m0 an engosged pulmonary craur e nght ventrrle s tun be
gws to farl and edema tends to increase sull more

fhus tn considenng the mechamusm of congesuve cardrac faill
ure ¢ deal wath a0 anterdocking geat tran arranged 10 senes m
which the prime movers seem to be the heart, more pasucularly the
left venencle on one hand and on the other the sbiny of the
hudneys 1o manens a normal sodwm balance

To summatze the mechanume underlyng the phenomena of
congesuve carduc fajure are (1) absolute or 1edauve decrense
cardia¢ output and (2) vasoconstricnon i kidneys shin and
splanchmic crculaton As a result of vasoconstriction there 15 de
cressed excrenon of salt the content of which 1 the body 5 no
{onger smaily tegulable according 10 need. Froma tus accumula
toa of sal, bypenolema and penpheral edema resuls with s
creased venous pressute both pulmonary and peripheral Mean
wiule the face that the left ventngle 5 the one preaommantly undes
stress tends to wrease pressute m the pulmonary oroun so that
dysprea 18 a presenting symptom And  ince renal blaod Bow and
Rlwration disproportionatelv decrease during the day another chn
teal resuit 15 nocrura 1n the absence of renal esceetgry faduce Thus
sequence of events presuppases el left sensncntar failure which
 conteast sath former explanavons 15 followed by sodum reten
uon before the funcion of the rght heart 15 altered.

LvIDENCES OF CONGESTIVE FAILURE

fhe wnmnence or presence of fature 35 usually brought to the
pateats sonce by the onser of noctutia and dyspaea or edema The
persistence or change of Qus evidence 18 also the majar princple of
uccess or farlvre of teeatment. ?
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usually but not invarmbly, present 1n congestve heart falure A
reduction 1n the rate of glomerular filtration decreases the mass of
sodium chloride presented to the tubules for reabsorption or excre
uon Normally, the tubules return to the blood some 98 or 99 pet
cent of the sodmum presented to them mn the glomerular filtrate If
the volume of filtration 1s reduced and the rate and limuts of reab
sorption remain about the same, there will be an increase i the
proportion of sodium reabsorbed so that, say 985 or 995 per cent
1s filtered The difference 1s not large when phrased in this way and
1t 15 2 very difficult one to prove by semidirect measurement Meas
urements with radioactive sodum have most accurately established
the decreased sodium excreton 1n congesuve falure When ve
recall that the mass of sodum chloride filtered each day 1s about
215 1b a diffetence of one half of 1 per cent becomes important
The difference equals 6-8 Gm or about 1 L when diluted 1n extra
cellular flurd Consequently the deficit :n sodium excretion imposed
by decreased glomerular filtration in the example equals 1 gain 18
weight as edema of 2 Ib or 1 kg per day The water retaned 15
distrsbuted 1n the interstitial flud and plasma Ulumately the tend
ency to hydremra of the plasma 1s countered by a gain in red cell
mass so that total blood plasma nd red cell volumes are increased
more or less i parallel with the increased interstitial flurd

The result of this plethora 1s a mise n venous pressure nd the
accumulation of edema i the liver intestinal tract and dependent
areas of the body Since exercise reduces renal blood flow and
glomerular filtration even 1 normal people exercise 1 people with
impending congesuve failure further accelerates the retention of
sodtum and water The exercise 1s carsied on by day wherexs during
rest renal blood and filtration rise with the resule that sale and
water are lost at nught Consequently one of the fiest evidences of
congestve carduc failure 1s nocturia Especially n patients with
hypertenston 1t 15 important to distinguish cardiogenic nocturia
from the hyposthenuric nocturia of advanced renal disease
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ponent may be awakened shghdy dunng the hyperpneic P‘:;‘;_:d
doze apiin 25 eSPITALOTY €XCUTSIONS are lessened and slow 15
form 15 not usually assocated wath acute pulmonary copgestion
but 15 more charactersue of advanced congeste falute with
chronic congestion, It 15 more comsmon and less ominous 3o older
people than n those under 30

Contiauous dyspres. occurs 1n advanced congestive farfure ft
causes great dwability and discomfort. When newher the sehief of
edema nor the ad of digtalis abolish
st5 15 grave

Edema—The edlema of congestve fahure 15 almost enurely due
10 retention of sodsurn. The feteaton s not as has been thaughs, an
avidicy af tissues ot a spearfic renal defect of even a result of venous
congestion wich increased back pressure and excess formanon of
meersunal fluid Whale at times cardiac edema 15 contrsbuted o by
assocated hypoprotemenua this 1s never a punoipal and determun
g factor Rather the real cause 15 tena} reternion of sodwm The
prsapal mechamsm by shich the kidney tends o tetain sodwm
1 heatt fadure 15 a decrease 12 the rate of glomerular filvrauon 2
defect which s exaggerated dunng exerase That there may be
assoctated with this more or less mechanieal retention consequent
o deficient supply with continued tenal whular demand a fscror
of sncreased tabular teabsorprion of sodmm 15 supgested by certan
observers Such an 1acresse beyond the normal « the fracnon of the
filtered sodium reabsorbed might be attribueable 1o mcreased adce
nocortecal (muneralocorticord) acuvity But as yet 2n adrenal par
uapation has not beep demonstrated beyond quesion while a
remal defios 35 present i nearly every case
. The edema mag be pulmonasy only mantfest as dyspnea and as
‘:z :1:: grdir;x’aofsuu;;ndmg to the point whete thege 1, dulness
edema are )flcr the most p:: ;’::‘::i;:ngts er hods of pulmonty
i fature aod 2 e : 1'cjum manon of left ventric

total blood volume Normally

1t, the progno-
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Dyspnea—The dyspnea of congestive heart failure 15 probably
1miated by pulmonary congestion on a high filling pressure of the
lefe ventricle It 1s not, at least 1n s eatly and even in some of us
most distresstng phases due wholly to replacement of pulmonary
alveolar surface by edema Rather, edema of the alveolar spaces sets
1 tran reflexes which elicie dyspnea

Dyspnea may be classified as (1) exeruonal, in which the sever
1ty and conditions of exertion should be noted, (2) resung or (3)
contmnuous

Dyspnea at rest 1s usually nocturnal and may appear before the
pattent has gone to sleep in the form of orthopnea and trepopnea
or of evening dyspnea The association of dyspnea with the recum
bent posture 1s apparently due to the increase n blood volume
which occurs on Iying down To this factor are added the decreased
dinphragmatic excurston which follows recumbency and in some
patients, an increase 1n auticular pressure Orthopnea 1s dyspnea
provoked by recumbency and relieved by the patients assuming a
semierect position, trepopnea (Gr trepo, I turn) 1s dyspnea pro
voked more by lyng on one side, commonly the left, thin on the
other Evening dyspnea 1s dyspnea clicited after the day s faugues by
conditions which would not cause dyspnet 1n the morning Dyspnea
which appears after the patient has gone to sleep and wakes him ot
distusbs his slumber 1s usually paroxysmal and takes the form of
cardiac asthma The attack 1s precipitated by anything which may
transiently throw strain on the slowed circulation of sleep such as
a full meal 2 warm room a nigh e or a fit of coughing It may
Iast for some minutes and 1n sts muld forms s relieved by sunng up
and coughing once or twice to ad n the discharge of transient
pulmonary congestton In 1ts severe forms it progresses to pulmo-
naty edema with manfest acute fadure of the lefe ventricle mild
severe or even fatal The other form of sleep disturbing dyspnea 15
penodic breathung of the Cheyne Stokes fype In deep slecp the
respiration lternately 1s depressed and sumulated 1 cycles the
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Jem Insuch cases the Gatch bed ot the so-called cardiac chaie bed 15

supenor 1o the ordinaty variety because the patent can sit up even

hile asleep Sde fathings should not be forgotten Often pavents

prefer 1o sit on the side of the bed for shore periods Usually they

ate the bt judges of what postuse gyves the greatest comfart and
dwgly opumal cond for the arculanon

Except duting the acure phases of falure sincy rest need not be
engoined, Manv phystcians believe that sinct bed sest has been orver
done We think our patients have done better since they have besn
allowed more Yatitude and espeaiatly since we have mied 10 heep the
museles 1 better tone by means of bed exeraise and gentle physical
therapy The fact that exescise aids 1 the rerrn of lymph 10 the
arculaton indscates that this view has a physiologic basis

No two physicians are lhely 1o agree on the ume a pattent
should be alloned to desert the bed Acmally thete 15 seldom a
sharp disding line The scales and the pauents response are prob-
ably the two sumplest critesta,

Once the patient 15 up expenence sl usually teach hum what
he can and cannot do 1t 15 perhaps well for him to expenment 2
lutle with the effect of standing and on occasion even of salt on the
occurrence of edema Such expenments may have impressine peda
gogi value Hydrotherapy and massage may be helpfal but Tushush
baths and strenuous massage should be clearly maresdicred,

Dres —Diet 15 important 10 heart faidure because 1t mfuences
the work of the hearr and the amount of sodum provided the kid
neys {01 retention

The volume and type of fond sageseed may have smmedate
oo e f ke e e o 1
nents become more dyspoexc or ha:: :‘::C e any pa

cardiac distress afrer

;ncals especiatly shen eaung 35 associated wich aerophagia or the
o S sty b o s
and the bearts requirement for oxygen ate
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constderable fraction of the total blood volume 15 at 1ny moment
passing through the lungs and 1n increase 1n the total volume i
creases this fractton and so 1ugments the congesuon due to lef
ventricular deficit

Or the edema may be Inrgely peripheral erther latent or mant
fest Since edema 1n the last analysis 1s an abnormal increase i the
rato of extracellulir flud to cellulir mass there 15 necessanly 3
latent phase 1n which pitting edema 1s not present and the changes
mn body fluid can perhaps be most readily measured by following
body weight from day 10 d1y Actunally latent edema may repre
sent an abnormal accumulation of 1s much as 10 L of body flud
During this phase 1nd usually before preting edema appears in the
ankles or shins there will have been nocturi the liver will have
become congested tender and large Thus the course of cardiac
edema 15 pethaps best followed by repentedly mesuring the body
weight and noting also the position and tenderness of the left edge
of the liver 1n the right midclavicular hine

TREATMENT

Treatment of the fuling heart depends on the mtclligent use of
five important agents rest diec water and salt digualis and die
retics As i many cutrent trextments thesr separate and often com
bined use has developed over several decades Modetn treatment
15 the refined culmnation and co ordin1tion of many yets of careful
chincal research

Just as the blood pressure and fluid intake and output should
be taken datly 1nd charted so should the weight of the patient It
1s an extremely practical and accurate guide to trewment In this
condition the bathroom scales are of more value than the clinical
thermometer

Rest and exercise —The amount of test and exercise depends on
the degree of congestve fulure If very mild complete bed rest may
not be necessary If severe the pauents themselses setele the prob
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fem In such cases the Gatch bed or the so<alled cardiac chaie bed 15
supenor to the ordinary sanety becanse the panent can sit up £ven
while asleep Sude rarlings should nor be forgonen Often pavients
prefer to siz on the side of the bed for short perods Usually they
ate the best judges of what postuse gives the greatest comfort and
pondiagly opumal cond; for the crculanon

Except during the acute phases of farlure strict rest nced not be
enjorned Many physicians befieve that suict bed rest has been over
dene We dunk out pauents hase done better since they have been
allowed more Iatiade and espeaally since we have tred 10 heep the
muscles 1 better cone by mesns of bed exerasse and gentle physical
thetapy The fact that exerase aids i the rerorn of tymph 1o the
arcalanon indicates that this view has a phsiotogic basss

No tno physicians ate likely to agree on the tme 3 patient
should be allowed o desert the bed Actually there is seldom a
shatp dinading hine The scales and the panents response are prob-
ab'y the teo sunplest crmera

Once the patient s wp experience will usually reach him whae
be can and cannot do fr 15 perhaps well for hum to expesiment a
tietle with the effecr of standing and on occasion even of sale on the
ocaurrence of edema Such expenments may have smpressive peda
gogic value Hydracherapy and massage may be helpful but Turkish
batks and stcenuous massage shoutd be cleatly imiesdicied

Dies —Dret 1s umportant n hearr fardure because 1t inflvences

the nork of die hears and the amount of svdem provided the hid
neys for retention

The volume and npe of food mgested may have immediate
disturbing efiecrs A hearty mea) has tong been recogaized as a
preciprianng cause of sudden death an cardiac patients Many pa
uents become more dyspnerc or have more cardice distress akter
meals especially when eaning 15 associated with aerophagia or the
foods are gas-formme This 1s pantly because cardne output artersaf
pressute: carduc work and the hearts requirernent for oxygen are



212 ARTERIAL HYPLRTENSION

increased during digestion, particularly of proten food Some of the
distress arises because a full stomach elevates the diaphragm and
displaces the heart transversely mto 1 posttton where 1t 1s belteved
to work less efficiently at the same tume reducing vatal capacity
and compressing alyeols

During the mutal phase of treatment when the patient 1s usu
ally oo sick to take more than very simple food the Karrell diet
1s sauisfactory and practical It consists of 800 cc of milk given m
200 cc portions at convensent intervals during the 24 hours
Mulk 1s Iow 1a salt calones and protem, 1s simple to take and fulfils
the need of the very sich patient But the ration 1s 1nadequate and
annoying over any long penod, so that 1t 1s seldom continued for
more than 2 week It also has the disadvantage of very low flud
content while salt excretton 1s arded and discomfort decreased by
moderate water dwurests Thus, 800 cc of milk with 2 L or more
of water during the 24 hours 1s a more satisfactory ration If the
patient becomes hungry boded rice milk and sugar are given Re
constituted salt poor milk such as lonalac® may also be advantageous

When the time comes to supply solid food the need rematns
for a det with small bulk, Iittle sodium few calories and no more
than a modetate protein content Master and his co workers called
attention to the reduction of oxygen consumption and cardmc work
caused 1n two to four weeks by an 800 calorse diet consisting of
80 Gm carbohydrate 50 Gm protein and 30 Gm fat Since the
protein ration 1s adequate edema will not be aggravated by nutnt
tional hypoprotenemia Many of their patients remamned ambula
tory for three to 12 months on diets of 800-1 200 calories Ketosts
does not develop Loss of wesght which 1s especrally desirable in the
obese, 15 at first rapid then tends toward a plateau The low caloric
value (800) of the mtial diet may lead to weakness and fatigabil
ity which 1n the expertence of both Master and I'ishberg are usu
ally transttory and may be alleviated by reserving portions for
between meal collations Should these symptoms petsist the caloric
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value of the diet can be sncreased 10 1200 or 1500 ealonies

The purpose of treagment 15 00 Lurnut the energy vakue of the diet
t0a point where cardiac work 15 seduced 10 3 level 1n heeping with
the hieart s capsouy for otk while muntumog somewhat Jess than
wdeal bodg weightand o feehng of relanve well being

TABLE 9 —CARDIAC DiET {FISHBIRG)

Breakjast
Frun
Ceeal

1egg
& oz of weak tea or coffee
Msdmorasng
6 0z of milk with eracker
Dinner
Boned or brogled, tendey meat chicken or fish
Vegetbles
1 shice thinly buttered bread of toast
Gelatn dessert of stesed fru ¢
6 oz, of weak coffee or 122
&tidajternoon
6 oz of pulk with cracker
Supper
Fish, chucken egg or cortage cheese
Salaid wuth muneesl ad dressing @ vegetables
1 shce tunly buttered bread or roast
Light pudding or custard
6 oz of weak coffee o tea
Befare vetsrimg
6 oz of hot mulk or malred milk

The resalts of thus diet sn hypertensive artenoscieronc hearr dis
ease are often dramatic espeaally when the patient 1s obese Car
diac discomnfort and dyspnea are reduced and even the tendency to
flud retention 13 dimuntshed s some instances the anertal pressuze
18 also favorably affected.

Frequent meals advised wch these diets make for small meals
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which 1 the cardiac patient are altogether desirable A schedule of
breakfast, mdmorning noon, midafeernoon nd exrly evenng col
lations fulfils this purpose Nesther food nor fluid 15 tahen during
the late evening Cold nd carbonated liquids are at all times
avoided It 15 important that the diet be well bilinced ishberg
recommends a practical diet (Tible 9), emphastzing that the choce
of food depends on mdividual likes dislikes and 1diosyncrasies

Salt and 1 ater —The third major aspect 1s control of sodium
mtike 1t muumal practical levels This 1s necessiry because  high
or normal sodim intihe munzans or increases edema while a low
one c1uses loss of water The muntenance of 1 low sodmm meike ss
necesstry not only 1 pattents with evident edema but i those with
the Intent varnety

Obviously the control of salt content of the diet depends on
the ficilities avaultble for its preparation Some chucians feel that
sale should be rigidly resiricted so that uttnary excretion of sodmm
(1n terms of sodum chloride) s less than 1 Gm duly Such conirol
requircs careful selection 1nd supervison of the foods Unul the
wvent of sale free mulk powder (Jontlac®) such restriction has been
possible only 1 a hosprtal (see p 358) Dicts contuning s Iieele
as 200 mg of sodium per dty but 1dequate 1 protein and calorics
can now be prepired in the home Others believe thie an ntahe of
sodium which causes excretion of 2-3 Gm of sodum chloride 15
low enough This level 1s readsly attamnable i the home It 1s well
to point out that whether 1n hospstal or 1n the home many patients
never recenve 1 sodum poor diec This 1s usually due to Ik of un
derstanding by the patient or his attendints Some are under the
mmpression that bacon 1s salt poor and others hasten to relicve
gastric distress with sodium bicarbonate For such resons quantt
twnve determination of the urinary sodmm or chlonde excretion
1 a 24 hour specimen should be done occasionally after the salt
poor regime has been estiblished for three or four days and re
peated 1t weekly or monthly meervals
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Custom has sancrioned fhe restraction of flards m treatment of
cardiac edema But fluid sesencuon does not tiate diurests indeed
1t depresses Unnary output Furthermote about 1 ¢c of unne must
be excreted per minute for maximal excretion of salt Unine volumes
below this figure tend 1o lessen s excreuon

Stnce warer 15 rarely remned in the bods unless thete 18 suff
e salt to rake physiologic saline solution salt 15 necessary for
the formation of ederna, Once sodsum 1ntake has been cut to 05 Gm
datly or less there seems no feason for restncung water Usually
15-2 1 dally 15 adequate Schemm has shosn that the rebset of
edema 15 sorenmes hastened by gving latger quantiues but Wood
showed that excreuon of salt 15 often reduced when water sntake
exceeds 3L hence there seems no reason for exceeding this amount
Advanced renal msufficiency due to renal parenchymal 1njury 15 an
wdicanon for st conrol of fud and elecurolyte snmhe at optimal
lesels nether toa small nor taa large Such pauents like those oo
persistently plied with mercunals pass into oligerma 27oteme and
oliguna because of an excessne drain on the electrolytes

Dugutali.ation —Congesuve fature sesudnng from hy perteaston
18 always © be eated with digiralis  Always 15 seldom tewe i
medicine but we know of no excepuon to this diczum m the man
agement of the hypertensive Thus patients with congestive fadure
with or without aunicular fibeillanon with slow or fast rate wich or
wichout heart block should tecene 1t. Normal thythm and rare
even if slow are not contrandicatons ‘The heighe of the areenal
pressure plays no pare in the dect on whether or not to grie digy
tls The cheef and almoss sole criterson 15 the bretence of conges
tece heart fatluce

The chowce of digitalss preparation has heen the subgect of ex
teastve stachies There can be birtle doubr of she desttabritey of an
':;;"‘;::‘;;L:‘:gg‘ﬂns (P‘i:‘ ghucoside which would have all of

digalis leaf None ;‘E‘“h“ » med shwcosdes fom the whole
the many preparatons that have appeared on
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the market has displaced the hughly reliable dried powdered leaf of
digitalis

Rarely 1n the course of hypertension 15 digttalization so urgent
that the drug cannot be given by mouth If the siuaton 15 very
urgent ouabain 1s given (03-05 mg ) intravenously n 10 cc of
saline over 5 or 10 munutes Its full effect 1s apparent 1n about o
hours It 1s macttve orally Results with cedilanid® (lanatoside C),
pure glucoside from Digutalis lanata used both orally and intra
venously, seem good It can cause intoxscation stmilar to that from
excess Digitalss purpuren but this 1s sud to pass off more quichly
It 15 someumes tolerated when other digitalis bodies are not

Before any cardiac glucoside 1s grven 1t 15 essenuial o ascertasa
whether the pattent has already recetved one of them Thus 1s espe
cally important if a glucostde 1s to be administered intravenously
If an unknown amount has recently been given, attempts to digital
ize by the intravenous method 2re dangerous

Dosace Eggleston s observation that 01 Gm of dried digitahis
leaf per 10 Ib of body weight produced satisfactory digttalization
n most ptrents 1s the basis for most rules of dosage of digitalis leaf
Clinical expersence has shown that this formult 5s approxmately
correct Its strict application depends on knowledge of the normal
weight before edema occurred 1 datum someumes not eastly avail
able and therefore estimted from the pactents budd Most adults
gnen 15 Gm of dried powdered digitalis leaf by mouth during 2
24 hour period become fully digitilized The el dose 1s 05 Gm
(7Y gr ) and the remunder 15 "dmmustered 1n divided doses with
n 24 hours

Digutoxin long favoribly known in Lurope has been enthust
astically receved 1n America Gold whose experience s large, says

Tor the routine treatment of cardiac farlure the oral 1s the route

of choice digitoxin (Digitaline Nauvelle) s the glycostde of choice
and digialization 1n a single dose the method of chotce

Gold and his group esumated the average imual diguahzing
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dose 25 1.2 g eally or sntsasenously and datly mamsenance dose
15 02 (sometimes 01) mg DeGraff Batcerman and Rose found
the snerage therapeuuc dose (o be larger (09-48 mg mean 22
fog ghen n divided doses at six hout ntervals 1645 mg mean
27 my m s smgle dose schema) Sigas af wweny appesred at
mean dosages of 28-46 mg They have emphasized the value of
muluple dose digytalization and concluded that digitoxn has no ad
vantage over digitalss leaf for toutin treatment of these pauents

Sansfactory digstalzation 35 shown when tate thythm and @
Ebrillagon pube deficit ate restored toward normal when symp-
toms abate and dwresis begins Reducuon 1o rate otdinanly 1s

assoctated wath umprovement but 15 by no means an essential ac
£ If electrocurdiogy

ae bewng made frequently
progressnve flattening, and finally 1nversion of the T waves ta the
standard leads may be noted Commeonly but not imarably the
T wave changes appear at dosage Jevels well belos those of max
inal therapeunic effectseness The mamtenance dose of dimwils
Ieaf vaties from pavent to pauent but usuafly 1s01-02Gm (1Y -
3 gt} aday A fes panents requre 03 Gm (414 gr) but these
should be watched carefully for signs of toxicity

In our expenience the cardinal s 1o the wse of digrabis s gnv
mng too iite When there has been an adequate ndication for s
use sufficient glacoside or leaf should be given to cause fuil digueal
avon dunng whe st 24-56 hours followed then by a chmical
uwration to ascertain the ptoper matntenace dase

SIGNS AND SYMPTOMS OF GLUCOSIDE TOXiCITY These ate
protean One 13 probably no more impostine than asother and
they occur 1n & sade vaniety of combinanons For chis reason con
sant satchfvlness 15 necessary especally while e mamtenance
dose 1 being ascertained

The most common signs of toxicuy are Joss of appette nausea
and vomiting headache drowsiness and confusion coupled thythm
and partat aunculoventncular block There ate othets—dsarrhes



216 ARTERIAL HYPTRTINSION

the market h1s displaced the highly relnble dtied powdered leaf of
digttalis

Rarely 1n the course of hypertension 15 digitalization so uegent
that the drug cannot be given by mouth If the swuation 1s very
urgent, ouabarn 1s given (03~05 mg ) intravenously 1n 10 cc of
saline over 5 or 10 munutes Its full effect 1s apparent in 1bout two
hours It is mnactve orally Resules with cedilamd® (lanatoside C), 2
pure glucostde from Digitalss lanaea, used both orally and intra
venously seem good It cin cause ntoxicaton similar to that from
excess Digitalis purpuren bur this 15 said to pass off more quickly
It 1s sometimes tolerated when other digiealis bodies are not

Befote any cardiac glucoside 15 given 1t 1s essentnl to ascettan
whether the patient has already recerved one of them Thns 1s espe
cially smportant 1f ¢ glucoside 15 to be rdmunistered meravenously
If an unhnown amount has recently been given 1ttempts to digteal
1ze by the intravenous method are dangerous

DosaGe Eggleston's observation that 01 Gm of dried digttalis
leaf per 10 b of body weight produced sanisfactory digstalizition
10 most patients 1 the basis for most rules of dosage of digralss leaf
Clinical experience his shown that this formult 1s approximately
correct Its strict application depends on hnowledge of the normal
werght before edema occurred 1 datum sometimes not casily avul
able and therefore esumated from the patients build Most adults
given 15 Gm of dried powdered digiealss Ieaf by mouth dunng 2
24 hour period become fully digialized The minal dose 15 05 Gm
(7V% ge ) and the remunder 1s adminstered 1n divided doses with
1n 24 hours

Digtoxin long favorably known m Europe has been enthust
asucally receved 1n Americn Gold whose expenence ss lrge, sys
For the routine treumnent of ciedeac fulure the oral 1s the routt
of choice, digttoxin (Digrealine Nauvelle) 1s the glycoside of chosce
and digiealization in a single dose the method of choice

Gold and his group estumated the 1verage il digitnlizing
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espectally when venous pressure was much elevated and when as
fouch 25 600-800 cc of blood was removed

If bleeding or bloodless phlebotomy s successful  dyspnea
due to pulmonary congesuon 15 quichly reheved venous pressure
falls and the hver decreases tn sze Fishberg, recommends Meeding
not only when there 33 sysiemic venOus engotgement but alse
ssolaced left heare fadure with pulmonary but no syscemuc venous
engorgement. The effect 15 to lessen the pulmonary engorgement
as demonstrated radiographseally by cleanng of previously clouded
lung fields We bebeve it Ihely dhat s latter swuation where
there 5 temporary cardiac disabshiy withour a marhed sncrease 12
blood volume 15 that 1 which the bloodless method 1s specifically
ndicated

Other drugs—Pauenes who are acurely i from heart faduce
may require motphme 1o relieve tespiratory dustress and thewr
anxiey Some combine 1t with atropine Perhaps atropine aids
drying up bronthsal secrenons and by providing a freer aur passage
betcer tung, movement and lymph drainage hastens the tesolution
of pulmonary edema Eggleston thinks 13 mg (1/50 gr ) of atro
piac 15 the mintmal dose which ss of any value and aur expenence
camades wath hus D15 dosage should be gaged quue independently
of the amount of morphine given

Pulmonary edema and parucularly Cheyne Stokes resprravion
may at am.s be dramancally ¢ fled by ntra 4

von of phytine Egel Ted ds 2 dose of 05 Gm
up 10 20 ¢c of saline and injected douly dunng

(7' gr) waken

10 or 20 munutes The action 1s prompt of 1t 15 10 be effecave at all

often, st gives a temporaty re,
prte whie other measutes such as
bleeding  bloodless phieh y oxygen mhal and d “‘l

non are bemg insututed

Duuretres —In the past few
years the use of dwmretics in treat
ment of congestve falure has greatly mcreased Not many years
g0 they were scarcely used at all and even this use was frowned
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oliguria visual disturbances urticarnl or scarltniform rish—but
they are not common

The problem with each pruent 1s to decide how much digitalis
to 1dmunister to obtan the desirable maximum effects and to rec
ogmize these once they have fully developed while avording unde
sirable toxic mamifestations 1nd to recognize these when they 1p
perr Digealis 15 1 drug with potentiliues for good or for evil It
should not be used umudly nor yet with a free and uncontrolled
hind

Bleeding and  bloodless phlebotomy —Much difference of
opinion exists regarding the value of bleeding, 1n chronic congesuve
fulure Some have abandoned the practice nd others urge tts more
frequent use We have used 1t only as an incidental procedure
Bleeding 1n the absence of polycythemir, must be considered 1
temporary expedient for the relief of acute left ventricular fulure
and intense pulmontry engorgement During epssodes of acute con
gestive fulure when blood volume venous pressure 1nd erythrocyte
count re increased the removal of 600 cc of blood 1s a logil
method of relieving temporatily the load on the heare

The bloodless method may be preferable This consists 10
application of tourniquets or nflated blood pressure cuffs to the four
extrenmties as close to the trunk as possibe sufficient compression
being used to obstruct all the veins Usually this 1s about 80-100
mm Hg i the legs and half of this 1 the arms The tourniquets
ot cuffs are released serally every 10 minutes after 1 period of 20~
30 munutes and reapplied 1f need be The method temporartly traps
more blood than blood letting Care muse therefore be taken to
avord oligemtc collapse Some careful observers believe blood letung
sull the procedure of choice 1n preventing eatly relipses wto cute
congestrve fatlure Others vigorously disagree

Arternal pressure usually does not fall signtficantly after bleed
1ny, nor does the pulse rate chinge However venous pressure con
sistently falls and may remam 2t lower levels for scveral hours
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It 15 doubtful that the addional trouble 15 always wotth the effore
ot the msh. of acdosss In the vnusuat pavent when diresis 18 10
sufficeent the addinion of ammonim chlonde may be tned
Diurencs used 1 congesuve farlure certamly make the pauent
more comfotble and may prolong Ufe apprecubly Penpheral
ederna often 1s prevented, and the seventy of dyspnea and other
due to put ¥ ate lessened Lessening of
edems decreases plasma volume and 5o benefns the bears by &
mushing its load
There 1s some disag garding dicavons for use
of mercurials Renal irntstion shown by increased numbers of red
cells protewnen ot cylindrurm, does not wtterdice theee use siace
most patents with severe beart failure show such unnary changes
as the result of fafure withour having glomerulonephrins It has
been general expenence that when the edema 18 predominantly due
10 congestve faduce mercurial dwretics may be used without fear
of damaging the kidneys When severe renal damage has occurred
25 1n edvanced malignant hypertension they have ltde value and
may be dangerous
Rescreans to mercuntal diretcs may be immediare minor or
lethal or delayed. The former are usually chacactertzed by dyspaez
h sneanng sub 1 d !

and increase an polse
ry rates Cyanosts and collapse may occur Fatal reac
uons seem to be due to venwicalar fbrdlaton {p 195) The de
fayed reactions uswally consist of asthmane artacks with pulmonary
edema Fever and a rash may follaw There 15 no denying thae mes
cunal ditetics have cherr dangers especrally when guen mera
wenously g}usd‘n tesufied ©© by the number of reports of fatal
frearuons Bur therr usefulness surel "

dications for their use ate real " cueghs e digen o the

Oxygen enbalatron —Weakness of the lef;

fungs 10 become engorged wath blood a:u; ‘;‘:“:g;;‘s“: (\}1‘;
monary capllary pressuce so induced results 1o uansedauon ;he

and respirato;
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upon 1n miny quarters Perhaps the effictency and decreased toxiciy
of the modern mercursl direucs has changed all thus

Instead of waiting, as 1n the past, unul as much edema flud
as possible has been lost under the influence of digrtalss, the tend
ency 1s to start dretic therapy concurrently with digittlization
Thus, 05 cc of mercuhydrin® 15 given ntramuscularly the first day
and the amount of fluid lost noted If 2-3 1b 15 lost 1 day, dwresss
1s sausfactory Too small a diwrests 15 countered by increwsing the
dose up to 2 cc daly

Mercurinl xanthine diuretics except thiomerin,® should be given
deep 1n muscle 1t makes no great difference which ones re chosen
The buttochs are the usual site There s less chance of dangerous
reaction when they are given this way rather than travenously
But even given intravenously, the danger 1s not great provided they
are given slowly

Gold prefers to give dwrencs datly, along with digitovin and
salt poor diet untd Al signs of edema have disappeated and the
weight declines to 1 resistant level the dry weight  Thereafter,
conunued use of diuretic fuls to reduce weight Salt poor food 15
then added to the diet and the pauent 15 allowed ta be up and
about If the dry weight 15 mamtamed the amount of duretic
15 gridually decreased unuil a stabtlized level 15 actueved 1n which
the 1njections are made ¢ longer and longer mtervals Most ob
setvers belicve that the mercurinls should be used rather more
sparingly and our own practice 1s to rely somewhat less on them
than does Gold On the other hand much depends on the circum
stances 1 which the trertment must be carried out If 1¢ 15 1n the
home for example where very low salt diets are difficult to main
tun mote relrance must be pliced on dmretics But these wre mat
ters the physicrin himself will decide

The use of 2 Gm (30 gr ) of ammonum chlorde three umes
a day duning three successive days in the week along with mer
curals 1ncreases drresis about 15 per cent i the aserage putent
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of tongestive falure have been amehorated or have disappeared
the oxygen concentration may be gradually fownered. Two days at
a concentranion of 40 per cent and three days at 35 per cent may
give sufficient acchimauzaton to atmosphenc arr

Parovyimal cardrac dysprea (cardiac astbma) —The chimical
pattern of this manufestanon of left heart faiture 15 famibar Treat
ment is prophylactic i the fitst mstance and consists 1n the general
treatment of congestve failute plus special atienuon to hight meals
and flud restriction before going 1o bed and to the sleeping pos
wwre The arack may respond to suung up ot standing 1t may re
quire morphine ot mtravenous ammophylhne or, m those who are
not digicalized ousbain Fatture of these measures 18 an indicanon
for phiebotomy bloodless ot not and for use of oxygen
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volume of potentinl air space 15 thus decreased Measurement of
vitl capacsty demonstrates this 1n patsents with congestive failure
The reduced velocity of the flow of blood impairment of diffuston
of oxygen through the edematous alveolar membrane and nefficient
distrsbution of ur mn the alveol all tend to reduce the amount of
oxygen avatlable to be carried to the tissues Prolonged circulation
ume through the greater circulation also increases the amount of
oxygen removed from the blood socalled stagnant anoxi  To
compensate for all these difficulties the volume of breathing must
be increased

Cardiac dyspnea 15 thus due to several sumuli among them the
increased breathing requirement 1mparred elastic properties of the
lung CO. retention and proprioceptive smpulses Barach has ndi
cated that hypoxia 1s one of the major factors by showing that
shortness of breath may be relieved by a 48 hour residence 1 an
oxygen room despite the fact that vital capacity 1s unchanged ot
lower than before treatment

The average patent with early congestive farlure due to hyper
tension does not need oxygen therapy unless the fulure 15 exceed
mgly acute Occasional patents with chrome fatlure may be greatly
improved by residence 1n an oxygen tent for a week or more The
treatment 15 however only adjuvant to the use of digualis and
other measures Possibly st makes the pauent more comfortable
and that alone may justify sts use

Barach finds that the atmosphere provided the patient should
be not less than 50 per cent oxygen concentration and better 60
or 70 per cent A large well venulated oxygen tent with com
pletely transparent Pliofilm or Plastocele canopy lessens the feel
ing of claustrophobia and because 1t reassures 1s comfortable

During the first three days of oxygen admimstration dyspnea
restlessness and apprehension are usually much improved and
following this dwresis may occur Residence in the tent for two
or three weeks may be required When the signs and symptoms
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of congestne failute have been ameliotated or have disappeared,
the oxygen concentranon may be graduaily lonered Two days at
2 concentratton of 40 per cent and three days at 53 per cent may
gnve sufficent acclmauzanon ta atmospheric atr

Parovysmal cardsac dysprea (cardiac asthma) —The chnical
patern of this manifestanon of left heart falure 15 familiar Treat
ment 15 prophylactic in the first mstance and consists in the peneral
teatment of congestive falure plus special attention 10 Dight meals
and fluid restncnon before gomng 1o bed and o the sleeping pos
tare The attack may respond to sunng up of standiog 1t may re
quire morphune or intravenous amnophylline or 10 thote who are
oot digitalized ouabain Failure of these measures 1s an dication
for phicborormy  bloodless of not, and for use of oxygen
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11 Eﬁ-ects of Arternl Hypcrtcnswn

on t}1e Br'un

THE CEREBRAL consequences of hypertension—hemorchage, throm
bosts hypertenstve encephalopathy vertigo unmitus and headache
—are meduated through its effects on the cranal vessels The fre
quency of these complications suggests that these vessels are espe
cally suscepuble to the mjuries which hypertenston causes hety
and his assocrates have mngeniously demonstrated that the bran
shares 1n equal measure the generalized increase 1n vascular tone
They have shown that cerebral blood flow and oxygen consump
tion remaim within normal limits 1n patients with greatly sncreased
artersal pressutes so that in the group studicd, mean cerebral vas
culr reststance was neatly doubled The degree of increase n fe
sistance could be roughly correlated with the grade of retmopathy
It 1s all 100 easy to find structural explanations for the fre
quency of apoplexy whether hemorrhagic ot thrombotic Cerebral
arteries differ from arteries elsewhere 1 that their muscular wafls
are thin and their adsentitias very weak and the vessels themselves
once they enter the brain are unsupported and lie free 1n the per
vascular spaces The intima of the cerebral arteries 15 well devel
oped and although the degree of its hyperplasia 1n mature hfe
does not equal that of the coronary artertes sull its nternal elastic
membrane 1s normally sphit and fragmented at about age 50

224
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The cerebral vessels therefore follow just belund the coropaty
antenes and aona an the frequency of atherosclerosis The thun
medua and adsentina are more readsly penetrated by stheromatous
pecrosss than are those of oiher vessels The cousses of the aresies
parneularly those around the base are short so that the posnts of
atherosuleratic predilection at branches ate many The branches
\hemselves come direcly from large trunhs and therefore are ex
posed 1o hugh pressure The more vulnerable petforating vessels
atsse from the postenor communscanng anterior or middle cetebral
attenes near the turcle of Withs They supply the thalamus Stratum
and chotod plexus sending branches deep into the whate matzer of
the cerebral radanons Therr distobution supplies the sites of
predl for b thage and vhromb These branthes are
especially thin walled and 1n the direct line of the pressure wave
from the heart, Qne such branch the lenuculostriate was once
alled the artery of cerebra) hemotthage Acrually thewr anatoms
18 50 vamable that no one artery can be mcnminated Indeed m
Schemker s concept, the site of bleeding 15 venous and not artettal

Apant {rom ruprare the farladen numa of atheroscleross
predisposes 10 occlusion of artenies by thrombosis The somenmes
severe effects of apparently minor cerebral occlusions have been
expluned on the basis thot cestbral attenes are end artenes  “This
s tarely true for among capill are 1ly
profuse parucularly i gray marer It s portally true m the
setise that major collaterals ase much rates than 1n the myocardiem,

The better explanauon seems to he 1n the great sensitiveness of
nene nSsue 10 O%jgen want

The reactian of cerebral tissue to oblietation of blood supply
1s usually characrersstic It consists 1n slow localized disintegration
of nerve ussue ang 1ts replacement by proliferating gla rangumg
from a central focs and mpetcepibly metging snto normat ussue
The pattern resembles thar which hypertension causes 1 the hid
feys and the analogy with so-called

interstitial  nephning g5
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stressed 1n the nime nterstitial encephaliis which Ricker has
given the change Cerebral arterioles 1n hypertension show inumal
hyaline degeneration The concomutant capillary degeneravon 1
one of homogentzation and thickening of endothelial walls and
prolifcration of endothellum adventitia 1nd gl Together the
changes 1n rterioles and capillaries account for diffuse foct of
cerebral softening and of gliosis The extent of these changes does
not correspond n degree to the concurrent renal vascular disease
(Scheinker)

The general causation of the munor cercbral mamifestatons of
hypertenston-—encephalopathy, vertigo dizziness and headache—1s
a2 medley of steuctural and funcuional change Since the cerebral
arterinl media 1s weak the vessels tend not to constrict when con
striction elsewhere has greatly increased artertal pressure Instead
they m1y tend to dilate or only hold their own Therr control
depends on tontc dilatation ¢specially by blood CO  of sessels
with 1 strong intrinsic tone Vessels elsewhere tend to tonsc con
striction  Thus 1ntense cerebral vasoconstiction can result from 2
dimiution racher than 1n excess of sumuls Conversely the nced
for greater blood supply 1s probably met by dilatation brought
about by 1ncreased local supply of vasodiator substances

Obliterating scems 1 plausible expl a for

810Sp
many minor clinical phenomena To the argument that the weah
medta of cerebral vessels cannot sustain such constriction 1 the
face of high arternal tension may be opposed the fact that the
retnal artertes whose structure 1s sumilar ate frequently scen to do
so Thus though demonstrated only under rather extreme exper
mental conditions cerebral angiospasm 1s something more than an
armchair hypothesss Unfortunately 1¢ 1s also a1 rather easy recourse
for those prone to pat explanations and one which may covet
ominous organic changes (p 228)

Vertgo results from a wide variety of sumul The labyrnth
has nerve connections through the vesubular nucler to cerebellum
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cercbral coreex and espectally the ocufar muscles Thus \erngo
may anse not only from Iabynnthine sumulation by rotaton of
the body and hot or cold water impinging on the ear but from
sumulauon of the ocular muscles for example danng he produc
ton of eve strmn The inmediate cavse 18 excration of the semt
oraulas canals ot their central connecnons

Readache also may be grven a measure of structutal explana
uon Many headaches seem to anse m dilauon of cranmal artenies
This difacion m 2 dwease characterized by constnction would be
patadoxical were 1€ not for the mtnnsic weakness and patadonical
tesponses of the cetebral artertes and the sensttineness of the extea
cramal artenies to the pun of strexching Thus an attracuve gen
eralization 15 that arteral hpertension predisposes 1o headache by
causing passwve dilauon of some of these vessels

CEREBRAL HEMORRHAGE

Massve hemorthuge of thtomboss 1 the brawm 1s usually called
apoplexy  Although it 15 common in hypertensives 1t also occurs
without hypettension chuefly because of atheromarous degenera
aon Hemorrhage alone will be considered now and thramboss
fater though their causes seem to be much the same

In do not agree

gardiag the preaise mechantsm of
hemorrhage t the bram Theee explanations are considered Jikely
(1) H 1nfarcuon

pasm and pillacy dam
tge tesult 10 venous difetation and stss and of prolonged

dapedesis through the ven and necrosss of 1ts wall the massive
hemorthage usually results from confluence of smaller ones [¥3]
Arteroloscleranc narsoning ( hyaline degeneration) and elosuse
produce an area of softening which deprives the vessels of some of
theyr support This loss contnibutes to fuptuze of a larger atheroma
s vessel by the tugh anenal pressure Ic has been pownted out
however thar the semeiusd softening whith surrounds the v'J 1
s under roughly the same pressute as that of normal tissue Iy cr:ac)'
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be that these areas of softened brain contan proteases which act
on an injured vessel wall (3) Rupture of 2 media weahened by
sclerotic deposits seems the likeltest explanation at least n very
old petsons

Most views concerming the pathogenests of cerebral hemorrhage
at ages below GO stress the prime mmportance of hypertension Es
pecally 1n young and muddle 1ged patients 1t causes hypertrophy
of the medra with increase m the number of nuclear elements of
the large and mddle sized arteries Hyperplastic change affects the
iternal elastuc lamina Hyalinization 1s found m all of the smaller
branches, even the capillartes Thus there are 1ndications that the
changes i the cerebral vessels 1n hypertension differ from the
usual changes in arteriosclerosis of other organs In parucular have
been mentioned the facts (1) that the mumal hyperplasta of
artersosclerosts 1s infrequent 1 hypertenstve cerebral arteriolar dis
ease and (2) that 1n hypertension, diffuse hyaline degeneration of
the entire wall 1s the most strihing feature seldom complicated by
such secondary changes as necrosis of a hyperplasnc intima, fatty
degeneration and sclerotic plaques usual 1n atherosclerosis else
where There are other differences but the question of whether 2
different pathogenests 1s involved remains to be settled

In patients with advanced essental hypertension hyaline de
generation 1s associated with scattered areas of softening 1n the
parenchyma destruction of netve tissue and replacement by masses
of gitter cells crrcumscribed foct of ghal scar formation pervascu
lar hemorrhages and diffuse or localized edema Undoubtedly these
ussue changes ate secondary to the artertolocapillary changes If
the patient survives after cerebral hemorrhige the hemorrhagic
area may be replaced by a cyst Large numbers of scavenger cells
oniginaung from the microgla take up the debris Small cysts thus
formed may be obliterated by proliferation of the neurogla when
the larger ones remaimn they become sequestered by glinl zones

Malignant hypertension causes cheefly from mednl change re
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ducuon of the lomen Necrosis ot calafication of cerebral :\nznc;
ot attetioles 15 rare Rather the lesions are sumilar to those fount
1 patiests waih essentual bypertension &iffening only an thes
advanced degee 2od severe nature

Thus the brains of patients wuth malignant hypertension ate
often senously damaged Hemorthage with rupture 1nto the ven
tricles may be the eause of sudden death. A second vanety of Ching:
consists of small srregulasly distoibuted h h h
the white marter of the cerebrum and cerebellum They are assoct
ared wah snalt mfares Agan diffuse capillary hemorrhages may
be the principal lesions

Thus cerebral hemorthage vanes all the way from small
petechual bleeding 0 massive extravasanon The signs and symp-
toms depend not only on the extent but on the place

Without entering 1010 4 penetratng discussion of the sigas and

poms that foreshadow hemorrhage ar may be useful to powat
out those five that Taylor and Page have found parucutarly useful
n disungushing hypertensive patents who wall suffer strole from
those who probably wall ace. If the pattent has any four of the fo!
loning signs and symptoms the chances ate thar he wall have a
stroke wthin the following tno yeats

1 Severe ocapial or nuchal headaches

2 Verugo o syncope

3 Moator or sensory disturb
sient paralysis etc )

4 Nosebleeds

(ungling t tran

5 Reunal hemorthases whick ate usually small discrete and
olten numerous 1 the absence of papiiledema or exudates

An 2ddendum 10 the hist was suggested by Monteiro of Ruo de
Janewro who finds shar the attery of the malleus becomes visible
on the tympanum of paneqes Prone 1o apoplexy We have no ex
pertence wth this physical siga.

The symptoms of major sutracereheal bleediog are 100 well
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hnown to need repetition here Of the several apoplexy aphorisms
offered by Adums and Cohen one sucanctly applies  Apoplexy
which cuses sudden onset of headache confuston then deep coma
hemtplegia and bloody cerebrospinal fluid under ncreased pressure
1s usually due to spontineous cerebral hemorthage Compated to
thrombosis, cerebral hemorrhage more often causes conjugate
deviauon unilateral pupilary diatation loss of fighe reflex suff
ness of the nech bulateral Babinsk: signs and a cerebrospinal fluid
pressure greater than 300 mm Hg (Aning and Hewitt)

Treatment —Consideration of treatment must be limuted fo
masstve hemorrhage not because the minor varieties are not inter
esting and important but because we hnow nothing of their dragno
sis and 1n undertaking trexement 1t should be recognized thit 1
fatal outcome 15 the rule and recovery an exception

After diagnosis of cerebral hemorrhage 1s established lietle of
a speaific nature can be done for the patent Sudden detth is rarely
due to hemorrhage unless 1t occurs 1nto the ventricles or medulla,
hence there usually 1s a pertod during which the outcome 1s uncer
tain Whether treatment during this persod alters the prognosis 1s
not established The old fashioned heroic bleeding of 1 L or more
perhaps deserves more thorough study Oxygen may mhubit the
spread of cercbral damage

The patient should be placed 1 a bed equipped with side botrds
The head should be slightly elevated and turned to onc side 50
the tongue does not fall back into the throat If convulstons occur
they should be stopped by venesection or careful admunistraion of
magnestum sulfate (p 239) Dufficulty in breathing 1s sometimes
met by lowering the head placing an airway and asprraung secre
tions Atropine may be used to dry the bronchi

An attempt may be made to reduce the edema of the brain by
sntravenous mjection of 50 per cent sucrose or 25 per cent mannitol
(p 239) With 300-500 cc of sucrose Murphy has obtained
prompt and prolonged reduction of cerebrospmnal flurd pressure s
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sociated wath profuse duurests Headache \ominng snd verugo may
also be reliered Salt poor hypertonic serum albumin should n
theory have a lasung effect Lumbar puncrare 13 performed for dug
nostic pusposes at first If a forge amount of bloody flud 15 ob-
taned under increased pressure the puncrure may be repeated
sith beneht partcutarly shen the mcreased intracranal pressure
15 10 part due to blood whuch has mprared 1010 the sventriculosuty
arachnoid space

Usually no sedatives ate required, Rather oxygen by went and
caffesne sodum benzoate 05 Gm (7% gt ) every two hours may
speed the retutn to consciousness Hypostaue congestion should be
avarded by turmng the pauent m bed enery bour Bed clothes muse
be kept dry to prevent bed sores Dunigg, the first few days st s
usnally pecessary 1o tmsert an ndwelling catheter and ndal dram
age 1§ someumes gecessaty Hygiene of the mauth 1 1important.
Tube feeding 15 somenmes necessary Penicillin may be gnen as a
prophylacte. agamnst pul y and !

Some patieats have been treated sutgically when there was
definute evidence of persistently increased mtracerebeal pressute or
when the symprorms seemed <o be those of mmor A few patents
may be benefited simply by aspiration of the old blood through
a pertorator opening but an osteoplasuc Bap 15 usually necessary
We hxe had a0 expenience wath this type of weatment The se
lecuon of patents for decompresston mvolves heen neurosurgical
koowledge Cervical sympathenc Block on the side of the lesion 15
clauned © speed recovery and 1n paruculac may relieve dissressing

sensory phenomena such as paresthestas and thalame pan (Gard
ner and Nosik )

As convalescence begins geatle massage should be nstiruted
and the shan carefully cared for to avoid bed sores Evidences of
phlebachcombosis should be Jooked for daily i the legs should
they become evident venous biganon rather than anticoagulant
therapy should be corsidercd Abave afl the phystan and ateend
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Known to need repetition here Of the several apoplexy aphorisms
offered by Adams and Cohen one succinctly applies Apopleyy
which causes sudden onset of headache confusion then deep comt
hemiplegi1 and bloody cerebrospinal flurd under increased pressure
1s usually due to spontaneous cerebral hemorthage Compared o
thrombosis  cerebral hemorrhige more often causes conjugate
deviation unilateral pupillary dilatation loss of Iight reflex suff
ness of the neck, bidateral Bibiski signs «nd 2 cerebrospinal flud
pressure greater than 300 mm Hg (Aring and Hewitt)

Trearment —Constderation of treatment must be limted to
massive hemorrhige not becuse the minor varseties are not intet
esting and mmportant but because we know nothing of their dngno
st and 1n undertibang treatment 1t should be recognized that 1
fatal outcome 15 the rule and recovery 1n exception

After dingnosis of cerebral hemorrhage 15 estiblished Lutle of
a spectfic nature can be done for the panent Sudden death s rarely
due to hemorrhage unless 1t occurs 1ato the ventricles or medulla
hence there usually 1s a period during which the outcome 1s uncer
tain Whether treatment during this period alters the prognosis is
not established The old fashioned heroic bleeding of 1 L or more
perhaps deserves more thorough study Oxygen mny ihibic the
spread of cerebral damage

The patient should be placed in a bed equipped with sde boards
The head should be slightly clevated wnd turned to one side so
the tongue does not fall back into the throt If convulsions eccur
they should be stopped by venesection or careful admnistration of
magnesum sulfate (p 239) Difficulty in brewthing 1s sometimes
met by lowering the head placing an airway and asprraung secre
tons Atropine may be used to dry the bronchs

An attempt may be made ¢o reduce the edema of the brun by
ntravenous 1njection of 50 per cent sucrose or 25 per cent mannitol
(p 239) With 300-500 cc of sucrose Murphy his obtaned
1 1 reduction of cerebrospinal fluid pressure s

prompt and pr
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il have o much foot dcop ¢hat they il t:q\:t? 2 §hor:;efpl:;a;;
As rercaintng advances ambulation © e
“;:‘n:‘xiulz‘z‘?ndt:‘::guse of crutches vsually wsiog the alcernate four
A

FiQ. 4~Pass ¢ pulley exsrases in front of anrrer wll prevent sdhesicos
and acrease shouller movement and conttol (Cauceesy of 3 G G Deavet and
K G Petcrson Arch Phys Med 27 17 1948)

point gt as progeess 15 made, instrucuon 15 gwen 1n climbing
steps cuths and tamps

Numerous vanauons from this basic plan caa be thought of
Thus Lowman has recommended early zcuve exercases under water
w2 Hubbard tank for 30 runutes three 10 six umes weekly The
methods are chosen 1o sutt the needs and capactttes of the paueat,
suace the all unportant aspect of treatment at this tme 15 the mam
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ants should encourage the patient to take a hopeful view of the
outcome

Lfforts must now rapidly be directed toward rehabilstaon and
retramning The outline which follows 1s taken from the plan pro-
posed by Howard Rusk, whose programs of rehabilitavon have
been outstandingly successful (Dinhen)

Furst there 15 the problem of preventing deformies To this
end (1) a footboard or a posterior leg splint 15 used to prevent
foot drop, (2) sand bags are placed to retrain outward rotatien of
the leg on the affected side, (3) adduction of the shoulder 1s pre
vented by 2 small pillow 1n the axilla and (4) the foot and leg are
braced so that strength 1s mantamned 1n the quadriceps (5) Sut
ung in bed gives training 1n balance (6) Aphasia 1s met by early
speech therapy

The next phase 1s retramning In essence ths 15 passive moe
ment of the affected limbs against a weight suspended on a pulley
attached to 2 goosenech pipe over the head of the bed The rope 55
secured to the hand or leg with 1 1n webbing While a wide vatiery
of pulley exercises can be devised those described by Deaver and
Peterson will be found most useful Their advantage over the cus
tomary exercises 15 that they are passive but sull controlled by the
pauent who hnowing the limuts of his pamn and stretch thresholds
will more rapidly achieve a maximum of mouon The range of
motion 1s thus contnually increased to tolerance Disabling joint
adhestons and contractures are prevented while the patients morale
improves as he sees his own progress As soon as possible the pa
tient 15 encouraged to sit erect to mmprove his balance Speech re
education can then begin under the supervision of an expenenced
teacher
The next stage 1s ambulation It starts by practicing balance by
standing at first with ad and then between parallel bars Normal
walking habtts and reciprocal leg motion are helped by developing
a heel and toe gut thus minimizing clonus About half the panents
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Prodromes may occur especially of the clot begins 1n the small
branches of an artery and extends to the main channel but the
onset may occur without much warning when the clot forms 1n 2
large artery As a resule of the obstruction an area of the bram
becomes mfarcted with edema widespread n the vianity of the
leson As the edem passes off the area of wscherma 18 decreased
by the restotation of exsung yascular beds and the development of
collarerals The zone of most severe sschemia finally dematcates
and necrases As the niecrotic ussue 1s absarbed 1t feaves small cystic
cavinies to marh the lesion

The signs and symptoms of thrombosis cbviousty depend on the
posttion of the clot These need not detun us here except to point
out cerramn general chasactenstics Jachsoman convulsions some
umes occur at the onset dhey mdicate thrombosts tather than
hemorrhage Sudden severe headache with vomunng immediate
unconsciousness abpormahities of the respiration or of the eyes
suuffness of the neck and marhed lenkocyrosis all suggest hemor
thage 1n contrast to thrombosis Bloody cerebrospinal fuid under
increased pressute 1s rare o thrombosis and usual m hemorrhage

The weatment of thrombosis 15 mu.ch Jike that of hemorrhage
tp 290)  Antcoagul hepatn and & I*—may have
salue but until mote 15 known of the mechanism and dugnosss
of the apoplexies we shun their use Among the vasodilators we
have tried papatenne with possibly beneficial effects Nicounsc
20d has been recommended Probably the best and certainly most
physilogic sumulus to cerebral vasodilation 15 sshalation of CG
(25 per cent) Ie should be used expenimentally at least when
the durnous of cerebral thrombosis 15 well established and may do
&ood ater otgamuzanon of a hemorrhage

Homolateral block of the cervical sympathetc chatn after cere
bral embolism or thrombosis has been tred 19 the hope that mnter
rupuon of sympathetc impulses would dumnssh vasaspasm atound
the fesron and increase blood flas on the affected side (Volpreo
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tenince of an ordered and progressive program which will restore
to the patient the ability to enjoy Itfe as more than a hulk While
the aud of a comperent therapist should be sought whenever posst
ble, in many cases the progrim must be admunistered by an ateen
uve nurse or an mterested and instructed member of the fami

CEREBRAL THROMBOSIS

Cerebril thrombosis lihe cerebral hemorthage s cwsed by
motbid chinges 1 the vessel walls hence ether or both may occut
mn the swme patenc Thrombosis often precedes hemorrhage m
those who have had several strokes It tends to occur when the
blood pressute 15 reduced and the blood flow less rapid s dunng
sleep after surgery severe exposure or during cachecuc stites

Some clinicins believe that the usual cause of thrombosss 15
lowered blood pressure This 1s sometimes true when the lowerng
15 sufficiently rapid and severe 1n the presence of vascular dimage
But this must be nfrequent for we have scen the blood pressure
profoundly lowered during severe allergic reactions 1n miny mhg
nant hypertensives wnd hve observed thrombosis 1n only 1 smsle
case That gradual lowering of blood pressure over dys or weeks
does not mtnte thrombosis 1s testified to by the results of sympt
thectomy or hidney extract mjection Therefore the dictum thit
cercbral thrombosis 1s due to lowening of the arternl pressure b
no more than occastonal 1pplication

What may be 1 striking example of the effect of lowered pres
sure with slowed circulation has been reported 1n 1 pitient who
had a hypersensitive ctroud sinus Bilateral thrombosts of the an
tertor cerebrl arteries occurred 1 few munutes after 1 test sumult
tion No doubt the vessels h1d previously been dimaged by sclero
s1s Other cases have followed this one nto the Literature But the
mechanism of thrombosis induced by carotid compression may 10
clude reflex effects which do not occur in a simple decrerse of

arternn] pressure
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Prodromes may occur especally f the clot begms 1 the small
branches of n actery aod extends o the man channel but the
onset may occur without much sarming when the clac forms m a
large artery As a resule of the obstruciion an area of the brain
becomes infarceed with edema widespread n the vicumity of the
leston As the edema passes off the area of 1schemiy 15 decreased
by the restoration of existing vasculat beds and the development of
collaterals The zane aof most severe ischemua finally demarcates
and n croses As the pecroti tissue 15 absorbed 1t leaves small ¢ystic
caviuies 10 marh the lesson

“The signs and symptoms of chrombosts abviously depend on the
posiuon of the clot These need por decun us here except to point
wut cenan general chasaciensucs  Jacksonnan convulsians same
umes occur at the onset they ndicate thrombosis rather than
hemorrhage Sudden sevete headache with vomutng immediate
unconsaousness abnormabies of the respiranon or of the eyes
suffniess of the nech and marked leuhocyrosss all suggest hemor
thage m comtrast to thrombosis Bloody terebrospmal flusd pnder
wncreased pressure 1 tate 1 theomboss and usual i hemornthage

The treatment of thrombosis 1s much like that of hemorrhage
(p 2501 Anucoapufants—hepann and dicwmarol*~may have
valve but unul more 15 known of the mechansm and duagnosis
of the apoplexies we shun their use Among the vasodiators we
hae tmed papavenne with possibly benehuat effects Nicotnie
aad has becn recommended Prohably the best and certamnly most
phasiolopsc sumalus o cerebral vasodifauon 15 snhalazaen of @«
i o o s b el ¢ st i

rat chrombosts 15 well eseablished and may do
good after organizanon of 2 hemorrhage
Homolateral block of the cervical sysopath te chain after cere

bral embolism or thrombosis has becn

ted 10 the hope that
ruption ot sympatheuc impulses wauld dimin sf vas:srasmnar‘:::\rd
the lesion and inceease blood flow on the affected side (Volpitto
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and Risteen  Gulbert and de Tahats) The onset of Hotners syn
drome ndicates that the mjecuon has been properly placed These
blochs should be repeated once or twice daily as Jong as improve
ment continues De Takats finds such blocks most effectve when
gwven as an emergency treatment 1n the first hour or two after
thrombosis or embolism, but W ] Gardner of the Cleveland
Clinic earnestly recommends a routine trial of block at any stage
1 the evolution of the residues of apoplexy Turther, he has ob
served dramatic telief of thalamtc pan The blocks may facthiate
rehabtlitation since they seem to favor the recovery of normal sensa
tron and movement, especially 1n the legs

HYPERTENSIVE ENCEPHALOPATHY

Hypertenstve encephalopathy, as desctibed by Volhard and
Oppenheimer and Fishberg somewhat resembles an epileptic sez
ute with which at times 1t 15 carclessly confused Prodromes may of
may not be present, when present they consist of severe and almost
constant headache, nausea vomiting and soranolence Loss of appe
tte and disturbed sleep may occur a few days before the attack
Paresthesias are not uncommon Pallor s often stubing The artersal
pressute usually rises often to great heights and the unnary vol
ume may fall The pulse 1s often slow Changes 1n personality maj
be evident several days before the attack especially increase 10
serstability

So heralded or without prodromes the dramatic part of the
attack may begin Some patients have violent convulstons with loss
of consciousness much like those 1n eclamptogenic toxemsa of
eptlepsy Viston may be lost for several hours or days but the loss
1s not permanent The profound disturbance of the nervous system
15 reflected 1 the development of a Babiasks reflex and nigdity of
the nech accompanied by 2 Kernig sign

Other patients sapidly pass into deep coma with slow and
stertorous breathing and feeble arculavon From this they maj
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< and appear almost normal m 12 ot more hours The spnal
::ﬂ smmP::: Blood offeting evidence that much of the brain 15
free of pross hemosrhage Spinal flud pressure 15 usually greatly
increased though ths 5 not an wwarsble tule, The rapid 3nd
ofcen geeat tise 18 both systolic and duastolie pressures and the heavy
butden thrown on the heare by the convulston may preapitate acute
myocardial isufficency and death from arculatory falure of pul
monaty edema

Vathard fovnd the cerebral symptoms cotrefated not with
puirment of fenal function but with sise 1n blood pressute and vaso-
constrscuon. This waportane cbservanion dufftrentiates the chinseal
prcture cleatly from the coma and convulsion, of uremia. The con
stancy of assocunon of the encephalopathy wath increased blood
pressure and the frequency of 4 sharp mse 1n pressure before the
convulsion suggested to Fishbetg that the hypertension or the
phenomena concerned 10 115 production are causally related to the

4

Ths 15 2lso suggested by sinlaniy of the syad asgt
may ocaur 10 gl lonept and essential hyp 10 that
1 eclampsia

The pathogenesis of the syndrome 15 uocertan Eishberg who
bas gven the matter the most avtention Suggess a3 2 workung
hypothests that when the rse n artenal pressure 15 sudden or ex
ueme adaptation of the cerebral vessels o the arteral pressure
may be defectve 0 esther or both of mo waps (1) The cerebral
areerroles may not constuce as farcefully as necessary to keep pace
with the general fise 1n areenal pressute tesulung in increased pres
sure 10 the cerebral capillanes and consequent development of
ed mwa. (2) Tndiidual vessels may react to rise 1n pressure by 1
fense spasm. wath ischemua of the adyacent poruon of the braa aad
focal cerebral symproms This would occor most of

fren 1 the pres
ence of marked cerebral arteriascletosis F
Thete s cenanly much ndirect evidence suggesting the oceur
rence of ab 1 dunng the synd

but e 1s
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far from being proved The concept of the spectal wrtability of
sclerotic foct was ably attacked by Allbute and by Pickering

Agamn the occurrence of edema of the bran remamns to be
proved I focal edema occuts 1t mighe easily explara maay of che
signs and symptoms The fact that hypertonic sugar solutions are
so valuable 1n trentment adds indirect evidence to the validity of
this view Schemkers syndrome of cerebral swelling seems to
overlap that of hypertensive encephalopathy and mn so domg to
offer some substance to the view that the ctuse 15 edema of the
brun local or diffuse

A valuable study should be made to determine whether hypet
tensive encephalopathy 1s not based on constituttonal dysthythma
of the electrical brain waves s 1n epilepsy It may well be that the
use in artenal pressure acts as the trigger mechanism to tnitiate
the wctach The differences in these serzures from thase of epileps)
due to cerebral scars might be due simply to the substrate on which
the seizure plays

If the panents do nor die during an attack~—and usually they
do not if adequately treated—recovery from the episode 1s complete
This suggests but does not prove that hemorrhages thrombt and
focal ~reas of necrasis probably are not the basis of the syndrome

What many clinicians speak of s hypertensive encephalopathy
s a chrone progresstve disease quite unlihe the episodic crists just
reviened The state to which we refer 1s characterized by headiche
memory loss attenuation of mental acuity personality change nd
15 epasodic only 1 that transient severe motor or sensory disturb
ances do occur The course is relentlessly downward usually to
sudden death from apoplexy Autopsy reveals diffuse treas of cere
bral softening foct of extravasation 1reas of ghoss and cyst formt
ton The process 1s evidently due to arterio 1nd arteriolosclerosts

Treatment —Tishberg has recommended venesection 1n almost
all patients with severe encephalopathy especrlly during the pro
dromal period Usually 500 cc of blood should be removed re
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petted 10 a day oc tno 1f necessary Te s not cleat why \incstcuorl:
1 of value especially since the reseltant fall in artens prc:su
roay be shight and transient Transitory reduction 1n blood 1o f\lmt
may benefit by causing fud from edesnatous brain 10 flow from
assue spaces 1to the blood stream

Lumbar puncture 15 1 measure occasionally valuable and rarcly
specracular (Fusbberg) akhough dignosucally important

Hypertone sutrose of manaol solutions produce a prolonged
fall m neracransaf pres ure with ltle of no secondary nse whereas
2 secondary nse 18 common after 50 per cent glucose solunon In
adults 200-600 cc of 25 per cent mannito} may be gnen by stow
mtravenous nfusion ‘This may be followed up by several fuethee
injections of 100 ce duning the next 24 hours Such frcatment often
stops the convulsions 1mmediately Treatment with sucrose should
not be prolonged over 2 penod of days because of the danger of
cobutar cell snjury Manarol does not appeas to shate this i
jurious action As noted previously large doses of salt poor albumin
may prove sall mare effectine 1 the treatment of cerebral edema
However in this syndrome 1ts effece and thar of other modes of
teeatment s difficale (o evaluate parthy because of the episodic pa
wre of the alment

Admuassteaon of a solunon of magnessum sulfate durtng the
stage of headache and vomwing may prevent convulsions as in
eclmpsta Tn adults 20 cc of a 10 per cent solution may be Boen
wntavenously very slonly and 1n childten 10 ¢c per hg of body
weght of a 2 per cent solution This may be repeated at tno hour
wtenvals or of the atiach 15 severe even once an hour with due
attention to the tendon reflexes respiatosy rate and the tare of
urine formation

In muld cases che dosage 15 30-60 ¢ for chuldren and 60-100
o of 50 per cent soluon for adule Lven by recum every four
or fixe hours as indicated by the seate of the patient More severe
¢ases may tequire muramusculsr injections of § 204 cc per hg of
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far from being proved The concept of the specal trritabiliey of
sclerotic foct was ably ateached by Allbutt and by Pickering

Agam, the occurrence of edema of the brain remuns to be
proved If focal edema occurs, st might easily explain many of the
signs 1nd symptoms The fact thae hypertonic sugar solutions are
so valuable 1n trertment adds indirect evidence to the vahdiry of
this view Schenkers syndrome of cerebral swelling scems to
overlap that of hypertensive encephalopathy and 1 so dong t©
offer some substince to the view thit the ciuse 15 edema of the
bramn local or diffusc

A valuable study should be made to determine whether hyper
tensive encephalopathy 1s not based on constitutional dysthythma
of the elcetrical brain waves as 1n epilepsy It may well be tha the
tise 1n arteral pressure acts 1s the trigger mechanism to e
the 1tich The differences 1n these serzures from those of epilepsy
due to cerebral scars mighe be due simply to che substrace on which
the serzure plays

If the pattents do not dic duning n attrch—and usually they
do not 1f 1dequately treated-—recovery from the episode 1s complete
This suggests but does not prove that hemorrhages thrombt and
focal areas of necrosts probably are not the busis of the syndrome

What many clinicians speak of as hypertensive encephaloprithy
1s a chronic progressive disease quite unlihe the eprsodic crisis just
reviewed The state 1o which we refer 1s charnctenized by headache
memory Joss attenuation of mental acuity personality change 1nd
1s episodic only 10 that transient severe moror of sensory diseurh
ances do occur The course 1s relentlessly downward usually to
sudden death from apoplexy Autopsy revels diffuse arens of cere
bral softening fous of extravasation 1reis of ghosts and ¢yst forma
won The process 1s evidently due to arterio 1nd areertoloscleross

Treatment —Iishberg has recommended venesection 1 almost
all pruents with severe encephlopathy especinlly during the pro
dromal period Usually 500 cc of blood should be removed e
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pea ed i a day o mo if necessary It 15 not clear why u{ncsccnon
15 of value especually since the resultant fall sn arrenal pressure
may be slight and transient. Transtory teduction 1 blood volume
may beneht by cavsing flwd from edematous bramn to flos from
wssue spaces into the blood stream

Lumbar puncrure 15 2 measure occasionally valuable and rarely
specuscutar  (Fishberg) although diagnostically important.

Hypertonic sucrose or manmutol solunions produce a prolonged
fall 1 inteacranial pressure s ich hieele or no secondary rise whereas
2 secondary nise 18 common after 50 per cent glucose soluton In
adults 200-600 cc of 25 per cent manntol may be given by slow
intravenons infusion This may be followed up by scveral further
smjections of 100 cc duning the next 24 hours Such treatment often
staps the convulsions ymmediately Treatment wath sucrose should
not be prolonged over a peniod of days because of the danger of
wbular cell injury Manmito) does nat appear 1o share this in
jarous action. As noted previously large doses of salt poar altbamin
may prove sull more effective in the treatment of cerebral edema
Hawever s this syndrome 1t effect and that of other modes of
trea mene 15 dufficult o evaluate partly because of the epssodic na
wre of the almenr

Admimistravion of a solution of magnesiom sulfate duning the
stage of headache and vomwung may prevent convulsions 2s
eclampsia In adults 20 cc of a 10 per cent solunion may be gnen
ntravenously very slonly and in childten 10 ¢¢ per hg of bady
wenhe of 2 2 per cent solunon This may be tepeated at two hour
mervals or 3} the atack s sexere even once an hour with duc
ateention o the tendon reflexes respiratory rare and the tate of
urine formauon

In muld cases the dosage 15 30-60 cc for chuldren and 60-100
e bt e £ B e sy o
€asES may requite mmmusn{)‘ oo o aent. More scvere

ar imjections of 02-04 ce pee hg of
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body weight of 25 per cent solution for children and 2 total dose
of 10-15 cc for adults

If respiratory depression occurs after magnesium sulfate admin
wseration and chis 15 rare, 1t can be relieved by the intravenous m
jection of 5 per cent solution of calerem chlonde ot calom gl
conate 1n 20-30 cc doses

If convulsions are severe and difficult to control, a small i
travenous mjection of pentothal sodm® has merit It should be
given slowly and only enough to control the current serzure Neither
motphne nor chloroform seems to have any parucular place 1n the
treatment of this syndtome If a sedative 1s needed one of the
longer 1cting barbiturites may be given—by rectum if necessaty
contained 10 1 pin perforated gelatin capsule

In the face of impending cardrac faslure treatment follows that
described (pp 210 ff)

Papaverme recommended as possibly of value 1 cercbral
thrombosis has been advocated to prevent the less severe transient
cerebral serzures which Russeh and Zohman attributed to angto-
spasm It 15 given orally in doses ranging from 03 t0 12 Gm
(41418 gr ) alone or with phenobarbital The advantage of mild
sedation 15 suggested by the fact that tea and coffee impair the value
of papavenine in cerebrovascular disease

Aminophylline 01-~02 Gm four umes daily has been recom
mended by Reese and Kant as a cerebral vasodilator for use 1n
cerebral artersosclerosts and so called hypertenstve encephilopathy
Although 1t may be helpful st 15 not likely thar the drug thus used
does cause a significant cerebral vasodilation

VERTIGO

Vertigo 1s the sensation that the outer world 1s moving about
the patient or that the patient 1s moving 1n space It 15 not dzzt
ness or giddiness As a rule 1¢ has no relation to syncope Tortunately
1t 15 not common 1n hypereensives but 1t causes real suffering and
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15 presence usually ndicates that hemotthages albeie small ones
have occurred n the bram

Simce vertigo may asse from 2 wide vanety of foa e the
Lahgnach wself. the vesubular nerve the vesubular centers or een
tal pervous connections 1t 15 exceedingly difbeult to ascertam 1ts
mechanssm 1n the hyperrensive patient. Preseace of nystagmus may
be ap aid Spontanecus verucal Rystagmus suggests esions 1 the
brain stem. The phenomenon of past ponung speaks for cerebellas
disease There are other tests for abnotmal labyrntune funcucos
Iut they sequire the services of 4 spectalist both for thesr perform
ance and for their wterpretation

Sedatves such as phenobatbital and bramide ia small doses may
bave some value 1n allevianng the disttess Since there 15 thought
10 be some sumdariey of the verugo of hypertension and that of
Mentres diseass e wearment of the laver has been med m
e former Furstenberg bad good fesults from 2 low sodram diet
and admistranon of six capsules of 048 Gm. (7V2 gt) am
monsum chfonde wath meals for three days and then a rest period
for ™o days He believes that a lesion 1s present m the labynoth
which allows retencon of sodium 1003 thus producing pressure
afteravons wWhich tause the verngo Talbort and Brown obamed
equally good resules 1n Memeses distase with dies of normal
sodium content and hence conrluded thar the sodum o was not
the precipitsung cause of acute artacks They administer 6-10 G,
of potasstum chlonide datly Potassmm nirrate may be subsututed for
powssitn chlonde These vanous procedures deserve a trial bue
there 15 no assutance of success We find nicounic gard m 50 or
100 mg doces as tolerated, fout tumes daly mote valnsble than
any of the foregomg
develops while the n}xen:‘ss “l,h :h ot popopoght When ¢
cetous E Pﬁn N 15 m 5 onizontal posiuon 1t 18 usnally

¥ rare y hyp except m those de
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body wesght of 25 per cent solutton for children and a total dose
of 10-15 cc for adults

If respiratory depresston occurs after magnestum sulfate admn
sstration, and ¢his 15 fare 1t can be relieved by the intravenous
jecuon of 5 per cent solution of calcium chlorde or calcium glu
conate 1n 20-30 cc doses

If convulsions are severe and difficule to control, a small 1n
travenous myection of pentothal sodwm® has merie It should be
given slowly and only enough to control the current serzure Nerther
morphine nor chloroform seems to have any particular place i the
treatment of this syndrome If a sedatve 1s needed one of the
longer 1ctng bacbicurates may be given—by rectum sf necessary,
contained 10 a pin perforated gelatin capsule

In the face of impending cardiac farlure treatment follows that
described (pp 210 ff)

Papaverme recommended as posstbly of value m cerebral
thrombosis has been advocated to prevent the less severe transient
cerebral seizures which Russek and Zohman attributed to angio-
spasm It 15 gwven orally in doses ranging from 03 to 12 Gm
(41%-18 gr ), alone or with phenobatbital The ad ge of mild
sedatron 1s suggested by the fact that tea and coffee impair the value
of papaverine 1n cerebrovascular disease

Aminophylline 01-02 Gm four tumes daily has been recom
mended by Reese and Kant as a cerebral vasodiator for use i
cerebral artersosclerosts and so called hypertensive encephalopathy
Although 1t may be helpful 1t is not likely that the drug thus used
does cause a significant cerebral vasodilation

VERTIGO

Vertigo s the sensation that the outer world 1s moving about
the patient or that the patient 1s moving in space It 1s not dizzt
ness or giddiness As a rule t¢ has no relation to syncope Formnarely
1t 15 not common 1n hypertenstves but 1t canses renl suffering and
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The first and rypical headache 1 hypertension 15 2 Jull diffuse
deep ache Espectally at the outset the pain 15 throbbung It usually
derelops ta the small hours of the morming and may be intense
enough t0 awahen the patient The site vares paun may'bc gcntm't
2ed fateral or occiptal Getang up out of bed suung wp 0 3
chaie dressing taking coffee and begmning the duties of the day
olren gne relief at least m part. Some patents hase some yehel
from steeping 0 the headup postion wath the hesd of the bed
rassed on chaurs or blocks Mo ¢ forms of bodily effort parucularly
stooping and coughing mcrease the pain momentanily Drgraal com
pression of the common caroud ocapial fromal postauncular of
temporal areerses reheves the para when the site of headache can
be localized Esgotrmme taterate (025-05 mg tntramuscularly)
telieves the patn although it may increase artenal pressure The
fact that chis drug acts pnmanly on the branches of the external
catoud artery and the effece of digital compression sndicate that chis
1pe of headache lihe that of migrare 15 caused by distention of
extetnal carond branches Indeed ligation of the rempors! artery
may decrease the meensity of headache for some months
‘The tacr that this type of headache 15 akia 0 mugrame was
fitst andscated by Janeway m 1913 He found that a large oum
ber of panents who complamed of by pertensive headaches  had
had mugraine throughout he Simce the headache appears s many
pauenyss afier the onset of hypertension but wahout definte rifa
«on o the level of arteral pressure 1t 1s probable that in some
2 dervessed cormacuve power of the arteties comforrable enough
‘(‘*::“‘::l‘:t:;’f:::l‘::\; :;r:::l tesules 1 pupful distention of
15 elevated The association with
migraine has 3 further corollary dhat m migrainous people as in

pavents with hyperension the frequency and sevenity of headache
i closely tefated 10 seates of emonamal tension

'X}"h: wecond type of headache 1n hypertension often coexistent
with che fisst, 15 charatterized by pain and suffiness Yocalized 1o the
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veloping, orthostatc hypotension following sympathectomy The
possibility that syncope 1s the result of 1 hyperactve carotd stnus
should not be overlooked

Drzziness and giddness 1re terms restricted to an abnormal sen
sation of unsteadiness characterized by 4 feeling of movement
within the hewd According to Soma Weiss dizziness 15 often a
forme fruste of syncope Nicotinic acid may be gnen s for sertigo
Injections of histamine (005 cc of 1 1000 solution) once or thice
2 week have been recommended by Marshall The dose may be
increased by increments of 01 ce to a maximum of 05 cc of raler
ance develops Both 1ndrogen and estrogen therapy have been rec
ommended to increise cerebral arrculation but too lietle exprtience
15 avatlible to provide a bass for the determinaton of therr value
In brief treatment 1s unsiwusfactory Possibly greiter attention
should be pud to the probable psychogenic origin of these symp
toms

HEADACHE

Owing largely to the studies of Wolff the mechwmsm of the
headache 1n hypertension 1s well on the way to being understood
First let us make st clear that although there s a rel wonship
between the height of the blood pressure and the occurrence of
hetdiche 1t 1s not 4 direct one Thus about half of hypertensne
patients do not have headaches In others hexdaches began before
hypertension was present Hetdaches disappeir in some pruents
without changes in blood pressure this 1s often striking afeer
lumbodors1l sympathectomy Despite these facts there can be lutle
doubt that headache 1s more common among hypertensive pitients
than among normotensives

A musconception exists thrt headiche 1n hypertension 1s neces
satily assoctated with high intracrinual tension This 15 almost cer
tunly not true It 15 1important to realize this because the mrscon
ception has led to spinal taps 1s a means of grving relief
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these muscle tenston headaches should be recogaized and treated
1

KPPEL:EZ yshoun!t& ot be gven They usually make the headache
worse not berer Spmal puncrure rately has 2 benefical effect and
may make the headache worse Vepesecnon 15 sad to relieve sevese
obdurate headache but we have never needed 1o use 1t

Dorsolumbar symp y often gnes surp relief event
when attersal pressuse 1 not sigificandy reduced This 1s 2 benefit
of sympathectomy not to be dismissed tightly but 15 not 1n wself an
indication for operauon
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nape of the nech the occiput or on up to the vertes Typreally, the
complaint 1s of a fecling as 1f the neck or back of the head were
m a vise or clamp or as if a band of 1ron had been pressed down
on the head Inspection may reveal some torticollis or elevaton of
one shoulder The muscles of the neck are found tghe and tender
on one or both sides Ixtremely sensitive small nodules can some-
umes be felt 1n the affected muscles The mechanism of this tpe
of headache 1s sustuned contraction of the muscles This contraction
even more obviously than the first type of headache arses on 2
basts of emotional stress and stramn

Tmnally, in patents with renal failure and malignant hypereen
ston headache may appear which 1s diffuse has no relation to pos
ture and 1s only 1nfrequently decreased by the removal of cerebro
spinil flud Ineravenous mjections of glucose sucrose or manmtol
usually give temporaty relief

Treatment of headiche 1n hypertension 15 on the whole rather
satisfactory, and all the more so when the mechanism of the head
ache 1s understood For slight headaches aspitin (03-06 Gm)
usually adequate Aminopyrine seems to be more effective 1 some
patients Codemne (60 mg) cin be given at umes when pun 1
more mtense Two remedies remam which are exeraordinitily
effecuve One 1s rest in bed and as suggested sometimes m 2
head up bed prolonged over several days The other 15 potassium
thiocyanate given properly (p 320) In using any of these 1t
15 important to remember that remedies for headache act best when
taken 1n adequate dosage early 1n the coutse of the pun

Headache due to muscular contraction responds to these 1nd
other measures including a prolonged hot bach che use of 1 heat
lamp or heating pad 1nd masstge When tender nodules are pilpt
ble procane can be mjected near them often with dramauc and
sometimes with lasung effect Wolff his pornted out that such i
jecttons deep 1nto the muscles of the neck can be very dangerous

For the rest the strong psychic and emotional components of
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dhese muscle tenston headaches should be recognized and treated
)
m?x‘:::; Yshonlcl not be given They usually make the headache
somse pot beter Spinal puncoate carely has a beneficial effect and
may make the headache worse Venesecuon is saud to rehieve severe
obdurate beadache but we have never needed to use 1t
Dorsolumbar sympathectomy often gines surpnsing rehef even
when artersal pressute 15 not sigmficantly seduced This 82 benchit
of sympathectomy not to be dismssed hightly bug 15 not 10 wself an
mdicanon for pperation
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12 The Kidneys m Hypertension

I FUNCTION PATHOGENIC PARTICIPATION

THE IMPORTANCE OF the fenal vasculature 15 cbuious from the
facx that 1t accounus for about one fifth of the towl peripheral re
sstance while the hidneys account for less than 1 per cent of the
body weight The ntense vasculanty of the kadneys 15 not obyvs
ous after death as it 15 1n spleen and hiver This 1s partly due w0
ngor of the muscular walls of the renal arteral and arteriolar
sessels This wmyrad of channels 15 elmost spearfically susceptible
to the destructive snfluences of severe or prolonged hypertension
Inpury results 1w parenchymal loss and eseablishes a relauon be
tween renal injury and hypertension which has been recognized
sice the ume of Bright

But, since the sequence of events has remained ohscuce concepts
of the genesis of hyperten ion have deseloped 1n ¢ycles which differ
as they ascnibe mofe or fess importance o the hsdneys as the pn
mary agent (Table 10) Thus the ycle has 1 a century gone the
full course and returned to the kidney As long as renal funcuon
was considered only 1n terms of excrenion and this funcuion was
normal or neatly 0 an many cases of hypertension the possiblaty
that renal injury caused onset of the disease seemed implausible
The fact that the 1dney has endocrine as well 2s ex

octine functions

has partly closed chus gap Recent advances s the study of renal
excretory funcuon have also been broughtt to bear an the problem

7
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FormaTION or URINE

The ulumate components of the hidney are blood vessels ept
thelial cells and fibrous stroma These jomn together i the untt of
Ridney structure, the nephron Each nephron 15, 1n microcosm, a
Kidney, and the whole hidney consists of an orderly, space saving
arrangement of more thin a mullion nephrons The concepts of

TABLE 10 —CONCEPTS AND COGNOMENS IN HYPFRTENSION

Priasr Aurlior CoGNOMEN ATTRIBUTID CALSE
A Rend
Brighe (1827) Albuminous unine etc Renal (h?mcnsmn
assumed)
Johnson (1868) Bright s disease Renal
B Arteriosclerosss small vessels
Gulland Sutton (1872) A Hary fibrosis G fized
Mahommed (1872) Pre alt Bughts G lized
drsease
von Basch (1893) Latent arceriosclerosts Generalized
Huchard (1899) Presclerosis Generalized
C Vascular hypertension
Allbute (1896 1915) Hyperpiesta Vasomator (?)
Janeway (1907) Essential hypertension Vasomotor
D Artessosclerosss affecting 1 asomotor mechanssms
Starling (1925) Presumed arteniosclerosis
of vasomotor center
Bordley Baker (1926) Stnular concept with
demonstration
E Renal artertolosclerosss
Volhard (1918) Generalized and

Goldblate (1933) (Experimentally shown) Re{m‘nls:hcmu

renal function are therefore most simply constdered 1n terms whech
visualize, for llustration the whole kidney as 1 single nephron and
the renal artery and all 1ts branches as a single vessel (Figs 10 and /
11) The first component 1s an artersal vessel which braaches 0
form the afferent arteriole Around 1¢ are dispersed myoepithelial
cells which aggregate in cushions close to the glomerulus where
they lie 1n relation to the macula denst of the distal wbule
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blood flow to the cortex while an mncreased proportion and even an
increased volume of blood 1s forced nto the medulla through the
justamedullary glomeruls, whence 1¢ passes to the renal yen In
thewr monograph the authors devclop thus face mnto a by pothests
which would explain post traumatic anuras and even the genesis
of hypertension These concepts scem to us overdeveloped  Shunt
g of blood from the cortex 1s haedly a valid concept since there
15 no evidence of true shunung of the total renal blood flow but
only of corticil 1schemin with resultine redisteibution of fractonal
blood flow 1nd a relative or shght absolutc merease 1n volume of
blood 1n the medulla The Trueta phenomenon scems 0 us an
end srage of any severe rcnal vasoconstuctton  As such it may
occur 1n paucnts under severe stumulatons of many hds But
shunting has been shown not 1o be present n hypertensive pauents
under basal condiions and even under the influence of visorwcte
drugs This does not mean that renal vasomotor reactions i hyper
tensives may not result in cortical 1schemia with a relamne increase
i medullary flow under conditions which would not have this
cffcct 1n notmal people It as the wthors suggest renal vasocon
striction of nervous origin were the basic factor i hypertenston
then renal denervation should be a curatve procedure Bue s is not

Bowman recognized the funcuon of the glomerulus staung a
century ago It would indeed be difficult to concerve a disposiion
of parts more calculated to favour the escape of water from the
blood than that of the Malpighian body A large astery breaks up
1n a very dircct manner 1nto 1 number of minute branches cach of
which suddenly opens into an assemblage of vessels of far greater
apgregate capacity than self and from which there 1s but one
narrow exit  The first step in excrenon s fileraton from plasma
of watcr and the substances 1t holds 1n solution Iiltration is 2 com
mon function of all capillaries glomerular filtrauon 15 disuactive
because of (1) the anatomic arrangement Bowman described (2)
the double capillary walls endothelium -+ epithelum so that pas
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“The afferent attenole abrupdly div 1des 1nto a senies of TP‘““’Y
Joops all of which are toped 1n 2 thun epubel !
Bowmans capsule Loops and capsule togedhes fotm the glomerulus.
The capillaty loops rejoin and leave the capsule 3s & thin shorz, suff
anscular vessel—ihe efferent artenole—whuch fypically bdivid
110 3 group of anastomosing capillanes These streams of blood
samufy around the eptehelial bules and flow together 1nto venules
and veins to leave the lidney Preglomerular actenial chanuels may
lead to penwbular capillasies ta a sery small extent normally and
w greater degree i the presence of tenal parucularly primardy
glomerular disease These preglomerular shunts ate branches of
affetent artenoles mterlobular or capsular arteries Their physiologic
sigmficance even 1m disease 15 not casy to visualize excepe as they
account for p and even yp phy of agl \
10 disease

Truew, Barclay and co-workers have applied newn and very
graphic technics to the study of repal arculanon which emphasize
differences berween corncal and medullary blood flon  The
glomeruls 10 and near the boundary zone between cortex and
medulla are the juxramedullary glomeruls. It has long been hnown
that theie structure was diffecent 1o detadl from that of the glomeraly

10 the cortex proper The basic anatomuc difference lies in the fact
that the effereat les of the dull )

1
y do not
arborize o capillanies as do those of the many umes more numcr

ous corueal glomerub Rather they branch 1nto long looptog ves-
sels which pass down 1to the medulla (artere verae rectae) and
rerurn therefrom as venules with hde formation of a capiilary
meshwork Constriction of the afferent attenoles and meerlobular
artenes teduces blood flow through the coreex Such constecuon
€an occut 10 many siuauons but g5 apparently best elicued by strong
sumulauon of tenal vasomotor nerves Increased cortical vascular
resstance wath persistence of blood fow 1» the wurlobar and
arcuate artenes decreases total renal blood flow and especaally the

wubules
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blood flow to the cortex, while 1n mcreased proportion and even an
increased volume of blood 1s forced into the medulla through the
juxtamedullary glomerulr, whence 1t passes to the renal vem In
their monograph the authors develop this face 1nto a hypothesis
which would explain post traumatic anurms and even the gencsss
of hypertension These concepts seem to us overdeveloped  Shunt
g of blood from the cortex 1s hardly a valid concept since there
15 no evidence of truc shunung of the total renal blood flow but
only of cortical 1schemia with resuleant redistribution of fractional
blood flow and a relauve or shight absolute increase i volume of
blood 1n the medulln The Trueta phenomenon  scems to us an
end stage of any severe renal vasoconstnction As such it may
occur i patents under severe sumuliuons of many hinds But
shunting, has been shown not to be present sn hypertensive paticnts
under bisal conditions and even under the influence of vasoactve
drugs This does not mean that renal vasomotor reactions 10 hyper
tenstves may not result 1n cortical 1schemia with a relauve increase
in medullary flow under conditions which would not have this
effect 1n normal people If as the authors suggest renal vasocon
striction of nervous ongin were the basic factor i hypertension
then renal denervauon should be a curiuve procedure But 1t 15 not

Bowman recognized the function of the glomerulus staung a
century 1go It would indeed be difficult to concerve a dispossion
of parts more calculated to favour the escape of water from the
blood than that of the Malpighian body A lacge artery breahs up
1 a very dircct manner 1nto a number of mnute branches cach of
which suddenly opens tnto an assemblage of vessels of far greater
aggregate capacity than mself and from which there 15 but onc
narrow cxat  The fisst step m excreuon s filtration from plasma
of water and the substances 1t holds 1n solutuon Liltration 1s a com
mon funcuon of all capillanes glomerular filtraton 1s distnctive
because of (1) the anitomic arrangement Bowman described (2)
the double capillary walls endothelium -+ epithelium so that pas
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sage of proten s resincted (3) the Ingh h)d::suuc P;?s“‘: gf
the capiilaries 10 the order of G0 1nstead of the 25 mm Hg of f(“c
systemic copilary and (4) the outward umdurecuonal flow of fi
wrate

‘Theoreucally the yolume of glomerulat filtrate depends on the
balance between the volume of glomerular plasma flow and the
fltravon pressute the lamer usually beng the more significant,
Frltrauion pressuse 15 a net value derived from the algebrac sum
mauon of (1) a postne value—hydrostatc pressure and (2} op-
posing values—plasma osmouc pressure renal ussue pressure and
the pressure tequired to force fud ot through the wbules The
most important and eastly vanable factot 15 hydrostauc pressure Trs
control fests 1n the atrenoles With a normal conseant, systermc
arterral pressure constneuon of atferent artenoles reduces fittra
ton subsequent constricuon of efferent artenoles rebuilds the head
and restores filttauon

When some sumulus causes systemuc artenal pressute to 1se to
a ugh level the afferent arenoles constrice presumably to protect
the fragile capillanses from the full blast. Filtration rate may then
remain unchanged if the afferent constction 15 adjusted so as to
mamtain normal filtration pressure and renal blood flow If o this
state of balanced artenal hypertension and renal actetiolar can
suriction there 1s added constricuon of the efferent arterioles 1atra
glomemlar pressure rises while the added vascular resistance tends
to decrease renal blood flow  Although the plasma minute volume
from which the filtrate 15 expressed 1s thercby reduced increased
filtrauon pressure may sull force a normal volume of water out of
the plasma

We concene of the first of these siuations—that of areenal hy
pettension  afferent arserolar constricuon and normal fevels of
fenat blood flow hitranion pressure and filtration rate—as that which
obtains in the stage of early hyperteasion 1n which 1t seems hikcly
that neural and neurohumotal factors predomunate The later stage
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—with supenimposed efferent arteriolar constriction, reduced renal
blood flow, increased filtration pressure but sull perhaps a normal
filtration rate—is thought of as more consistent with humoral reaal
pressot activity

Glomerular filtratc 1s a nearly protein free flud which contams
all the soluble constituents of plasma Normally, about 130 cc 15
formed per minute Its uncheched discharge to the extetior would
cause daily loss of about 200 L water, 1 100 Gm sodum chlonde
and 270 Gm dextrose, 1n additon to the numerically less impres
swve but physiologically lughly signficant content of other solutes
‘The modificatton of filtrate into urine prevents this loss This process
occurs 1 the epithelil portion of the nephron, the renal wbule
It consists 1n the rcabsorption of water and differenuially, of solutes
It 15 completed by the secretion into tubular flud of certam sub
stances

Several mechanisms participate m reabsorpuon One 15 simple
osmotic adjustment by which the pull of the concentrated plasma
1n the penitubular capillaries withdraws water from the tubule flud
But osmosts alone would result i the formauon of 1sotonic (sp gt
1010) unne of constant volume and content and would lead
rapudly to dehydration and demuneralzaion The greater part of
reabsorption thercfore depends on the acuvity of the renal wbular
cells This restores to the body by cellular chemical work the flurd
and nceded solutes the mechanical work of the heare had farced
through the glomerular capillaries The details of this process may
be reviewed in Smuth s monographs Briefly water and electrolyte
reabsorption are concerved of as developing 1 two phases which
correspond to the major divisions of the tubule In the proximal
portion salt and glucose are acuvely transferred carrying water
anto the plasma the dilute fluid which enters the thin segment 15
then brought up to the osmotic concentratron of plasma with fur
ther loss of water At this stage the flusd volume has been reduced
from that of filtrate by about 80 per cent In the distal tubule the
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final formaton of unne wncludes further adjustment of uts volume
according to waez needs 10 pact as @ resule of twbular cell control
by pasterior prwtacy hotmone and of s gH by reabsorpuon of
bicatbonate and secsetson of ammonia, Formaton of unae ends the
excretory aspece of reaal function.

RENAL PRESSOR S1STLM AND EXPERIMENTAL RENAL
HYPERTENSION

‘The demaastzauon by Goldblatt thar the fudney can play an
odes ole—that of a causal agent tn expenmental hypertension—
indicates the existence of a funcuon other than excrenon one of
wnternal secrenon, Troe the wiew that che hidney mughe acwvely
cause hypertension through some distatbance of ns arculation bad
been advanted befose The problem of credi—if 3 problem here
exists—is easfy sesolved 1n the terms ated from Osler apphied
previousfy to Hernck and here to Goldblare. He demonstrated that
persistent astestal hypertension having many charactensucs of es-
sental and mahgnaae hypertension 10 human beings, can be regu
Larly produced 1y by partal of the renal
axtery witun 2 metal clamp Subsequent studies and the demonstra
ton by others that thus renal hypertension does not depend on
the action of renal nerves indicates that the mechanism 1s humoral,
A suntlar state may be more easily induced by perrenal apphica
uwon of sk or Cellophane (Figs 5 and 6) The dissociauon of
renal excretory and pressor-endocrime funcuions 1s perhaps best
demonstrated 1n the endocnine kidney of Selje Here compression
of the 201t between the renal artenes 5o decreases artersal pressuse
m the fower (left) renal artery that glomerular filtranon ceascs
Busr blood flow persnes and, although the glomeruli ducts znd
:l:lzs:l:i‘mponems of the tubules atrophy part of the proximal

yperuophies This process 5s assocated with hypertension
and severe arteriat disease which runs ws coutse 10 a few days

Thie possibility of a renal interna) secrenon which might resule
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FIG 5 (abote) —Hypenensmn results when clamps are zpphcd 10 the
renal arterses This dog d d by wit d renal excre
tory funcuion (Courtesy of Dr Ha(ry Goldblarr )

FIG 6 (below) —Pernephric hull resultng from application of silk ot
Cellophane to kidney After six weeks artertal pressure was 744 mm Hg
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in persistent hy pertension has since been cesohved a0 the follo\wd
ing propositons (1) Remun 3 prowin present i renal cortex an

formed 1 tubule cells 15 a proteolync enzyme (2) The substrate
on which renmn normally aces 13 another protiin formed 1n the
twer demonstrated i plasma as 3 consutuent of the 2 globulin
(3) The acuon of reamn on remn substate results 10 the liberation
of a product called angiotomn whose charactenstics are those of
a polypepude and the pattern of whose structure has been outhined.

Angiotonin CUSES CONSTHCLON of smooh muscle 1t has relamely

lidle action on vewns of gut but acts poweefully on artenoles
artenes and the myocardum Its formaton from fenin wathim the
body or 1ts 1jection as such causes arceriolar constricuon, cardiac
augmentauon and \ncreased arteral pressure When jected o
normal persons 1t produces hypertension with many of the clinical
charactenstics of esseatial hypertension. The differences are small
but real they perhaps depend on the rate at shuch the sumulus 15
prosided—suddenly the n

ormotensise and by slow  adjusted
\acrement with chance for adaptauon 1n the hypertensine (Fig 7)
The problem of the pressor System 15 complicated by the fact
(4) that angiotonun s reachly altered or destroyed by proteoiyuc
enzymes widely distributed throughout the body Some which act
1 vitro under condions compauble with acuvity i vivo are con
centrated 10 the hudney From thus aspect these enzymes are gen
erally referred to as angotonases Thus apart from the possibility
of excess lib of renin ak 1 acc ! of

in blood may depend on farture of the mechanism which
1t

B
destroys

Following the il observauon of hohlstaedt and Page that
renin fequites a substance contained m plasma for it pressor acuon
Braun Menendez and others of Dr Houssay s nsutute 1 Buenos
Atres mdependently developed a simifar concept Their nomencla
cure differs in that remn substrate 15 spohen of as hypertensinogen
angiotonin as hypertensin and angiotonase as hypertensinase
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RELATION OF EXPERIMENTAL RrNAL TO CLINICAL
ESSENTIAL HyPERTENSION

The presumption 15 that expenmental renal hypettension 15 the
cesult of eacessive renal pressof acuvity However the exact mecha
nusms are not fully established It 1s pot o much o suppose that
pamary renal {glomerulonephaing, pyelonephniuc) hypercension de
pends on the same mechamsm The clinical and pathologic sum
latsues of renal hypertension and of essential hypettension with
renal asteniolasclerosis suggest, but do not prove the operanon of
the pressot system 1n late essenual hypertension.

The transiton from the special conditions of pyeloncphnas
and gl tonephris which the bulk of undisputed
renal hypertension 1n man to essential hypertension 15 not easily
achieved Typically i early hypertension the solute content and
volume of urne are normal Renal excretory function s o out
ward appearances undisturbed Indeed the concepe of essental
hy pertension and 1ts separacion from nephnus depend on this fact.
Further the angmal concept of expenmental renal hypertension
ncluded the view that it developed and persisted because of renal
ischemia 1t smvolved the belief that hypertension is a compensation
for a reduced volume of renal blood flow But ischemia, a deficiency
of bloed flow sufficienily abnormal to exaite an endocrine mecha
msm- should also result 10 some decrease of excretory funcuon in
an organ which has to do double duty Necher ustologic nor func
uonal examunations i cases of early hypertension wdicace cthat
ischemia 15 present rather the methods of measurement of renal
blood flow developed by Smuth indicate 1n hus hands as m ours that
Viand o of mpes ety sy R
fall of arcerial rycsp:ux ! o lﬁis lxs ohin increased dunng the
Ths fact wey, Es snllcfuordxnmmn e used by spinal anesthesna
sclerosts and gthe view tha }c\r o he prumary fole of artriolo

't hypertension 1s a compensation for renal

.
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1schemia due to arterolosclerosts (Fig 8) ‘The analogy between
renal hypertension and essential hypertension 1s thus jeopardized at
the outset It seemed that there might be two types of hypertension,
one due to renal sschemia and numenically Jess common, another
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FIG 8 —Renal hemodynamics 1n hypertensive pauents duting high caudal
or spinal anesthesia ranio of expenmental to control levels Despite a drop of
artenial pressute P into the normal range fenal blood flow 1s increased be
cause of decreased vascular tesistance R both afferent R, and efferent Kg
A residue of ab afferent butabl losclerosis ac
counts for most of the fall sn filtration rate and fraction The data demonstrate
(1) the fl a of the hy s renal vascular bed (2)
that by 15 not a for renal losclerone wschemia and
(3) that a decrease 1in blood pressure does not place renal funcuon m jeopatdy
(Courtesy of Am Heart J 36 226 1948 )

not due to primary renal factots or to renal ischemia sufficiently

widespread to consutute the great chinucal problem of the age
However 1t has been shown that renal hypertension may be

experimentally produced in the absence of persistent renal 1schemia
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ot excretory defect esther by senal artersal constction of by gc
compression of the budney 1n the scar of penncphrins Since s
h 1 undovbtedly renal and p bly the effect of
m:xl pressof acumyy the ndependence of renal pressor-endocrine
and excrerory funcuons 15 eswabhished. Thus 5 3 possible for the
renal mechapism to opesate in the chmeatlly sigmficant hyperteasive
stages and 15 the absence of ichemua, However all eapenmental
methods producing renal hy pertension depend on procedures which
raay 1 some way modidy the flow of blood dirough the hsdney
The pature of this chagge was hunted at by the observanion that
comsersion of renal bload flaw from a pulsaule to a connnuous
ope wuh maunenance of canstnt renal biood flow sesults 10

fiberation of semm in the wolated hadaey which secondandy be
comes wchemuc

Thus wiule tenal hy pertension sometimes persists in the absence
af renal schemsa thete 15 usually a secondary decrease of fenal blood
flon This occurs because of arenolar constiction affecung both
afferent aad efferent arteroles The humoral vasocanstrictor which
causes this 15 p bl At least has such
an effecr 1n normal dogs and human beings Whether or not reqal
“asoconsmenion resulis 1 renal schema depeads on the balance
struck betneen wnceeased renal tesistance 20d smereased asteral pres
sure Ulumarely as stracturad lesions advance renal sschemua nwust
aocue and places ife wself 1n perd Loss of ussve and of excretory
funcuon thes fnally prevait whide the organic antenolar disease

they depend on probably accelerates the cycle of arcslaory dys
funcuon and pressor actvity

The stage in the course of esseaual hy pertension at which the
renal pressor factors become signsficant sustamog and perhaps
dommnant 15 not easily estumated. Patienss who dre of hypertension
almost always show fenal artensolar sclerosis wheceas this fesson 15
uacommon in nermotensies even 1 advanced age The conclusion
that renal antertolar sclerous s the seaenc factor in hypertension 1s
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a natural one, but its opposite, that hypertension causes fenal arterio-
sclerosts 15 as justificd and much more convincing Evidence con
sists 1n the demonstration (1) that experimental renal hypertension
due to unilateral renal manspulation leads to artersolosclerosis
the untouched normal lidney of rats, and (2) that biopsy spect
mens from patients with hypertension which 1s disabling but not
yee fatal show 1n 28 per cent no or msigmificant vascular disease

TABLE 11 —RENAL TUNCTION IN ARTERIAL HYPLRTENSION

ESSENTIAL IIYPERTENSION
| ISSENTIAL HYPLRTENSION

NORMAL Early | Establ shed | Mal gna t

Renal blood flow} 1075 1133 697 369
Renal plasma flowt 675 630 393 216
Glomerula filtration ratet 128 130 93 61
Tmy , mgt 49 48 36 21
Atterial pressure (Pm mm Hg) 100 126 154 176
Filtration fraction 019 020 024 029
Renal blood flow/Tmyy. 238 246 197 1700
Glomerulas filtration rate/Tmy, y 268 275 266 295
Resistance per unit Tmy ¢

Afferent 112 175 375 565

Efferent 104 085 138 160

Total 216 285 511 716

Val s given are representauve means The data demonsrate (1) the normuzﬂﬂﬂ
of renal funct on 1n carly %)pencns on with only increased afferent resistance to bk ‘7"
(2) decreased renal funcuonal stacus in establ shed esscnual hyperension and in thi & “l
nane syndrome w ch loss of secretory capacuty (Tm,) 1} as measured wics duodsastd jod ne

a gre ter decrease n renal blood fow (evidenced by decrease in the functon renal bbﬂi
ﬂnw/TmD x) and because of efferent arteriolar constricion a0d increased inuraglomerul

pressure an inceease 1n the volume of flratc per ua ¢ of res dusl secretory, Capac o Nowe
also che increased toral repal vascular res stance (per unt TmD I the disease advas

or becomes more severe

mec /17350 m of body surface
and (1n) an additronal 25 per cent only muld changes (Castleman
and Smuthwich) (3) Less conclusive although sull wesghty 15
the argument from functional studies which ndicate thac in many
pauents the patterns of renal blood flow and functton are incon
sistent with the presence of significant vascular discase (Table 11)
Thus the primacy of renal arteriolosclerosts scems unsupported n
most cases

But those who insist on the necessity of pnimary structural
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tenal chiange tend also to retceat from the artenoles to the renad
artery and suggest that i many cases an adequate sumulus—en
qrely analogous 10 2 Goldblate clamp~—is to be found 1n atherom
atous parnal occlusion The evidence has been analyzed by Yuile
«ho notes ¢ 15 apparent that atheromatous plaques 1n the tenal
antenes usually assopated wich severe atherosclerosss s the aorta
and elsenhete occut 1n a hugh percentage of individuals with essen
ual hypertension However a cntical analyus of the evidence
nould seem to favor the view that chese lesions are secondary ot
ncdental to the ypertensian tather than causatne 1n all but the
fow anstances 1n which remal astertolar sclerasis 15 absent. Thus
morphologic evidence of renal vascular disease ns the primary
samulus to hypertension 15 not obtanable in most cases

The ocher avenues of pathogenesis funcuonal father than
motphologic are more difficult 1o establish becanse the approach is
not as objecuve as that of ustology Further funcuonal concepts
hase sull o fight a to-front war forward tato the unknosn aad,
ar the rear fepding off the wradivonat demand for easily demonstra
ble pnmary strucrural change The mechanisms by which changes
of acuvity qual Yy normal bu¢ ly hy
peracuve become fixed at hugher levels of supme resung pressure
can be only vaguely visualzed as a combination of neural neuto-
humoral endocrine and possibly renal factors As prehypertension
passes 1o early hyp the only d ble renal abnor
maliy 15 canstricuon of afferent arcerioles Such a state could be
enutely a fuscuonal disorder due to newrogensc vasomoror tmbal

ances

The pattern of renal blood flow differs from this 0 the typrcal
case of essential hypertension 1n which fading adpustment 15 te
flected 1 retnal artenolosclesosis cardiothoracte vascular disease
and renal inury Absofute reduction of enal blood flow 1s common
and the rate of flow per unnt of secretory capaciy 15 uswally less
than normal secretory and cancentrating capacines are dimunished
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The increase 1n renal resistance extends to both afferent and efferent
vessels The increased afferent resistance responds slowly or very in
completely to high spmal or caudal anesthesa In such patients
humoral and structural (arteriolosclerouc) renal factors outbalance
the normal autonomy of the renal circulation

Transwtonal cases have now been observed and studies made
n fathers with the one pattern whose sons reveal the other From
these 1t seems likely that the two are phases 1n the course of the dis
case The supposition 15 then made that the persistence of early
hypertension may elicit changes in renal blood flow, the result of
profonged vasoconstriction or, more probably, of premature arterio-
scleross which stmulate the renal pressor system mto action
Thus we visualize the stage of beginning vascular disease as the
one at which the renal system becomes operatve and the disease
self perpetuating

This concept of the pathogenesis of hypertenston 1s necessarily
incomplete Certainly the factors which determine the localization
of nervous energy 1n the vascular system elicitng vasomotor hyper
responsiveness and those which subsequently determine the onset
of hypertension at rest and the course of vascular disease are not
included in 1ts scope But 1t does not do violence to the facts and
does offer a framework for further study

II TESTS OF RENAL TUNCTION

Whatever the sigmificance of the renal pressor system may be
means for demonstrating and 1nterpreting 1ts action 1n hypertension
are not yet avatlable or are mdirect and mn large degree wnconclu
sive The clinician who would evaluate the status of the kidneys 1
a case of hypertension 1s most concerncd with tests of excretory
renal funcuon As we have seen the disturbances of these two
modes of renal function can be wholly dissociated under selected
expenmental conditions Sull they center 1n one organ and both
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respond 10 changes 1 the olume and distribunoa of blood flow
so that, in a disease characterized by vasculaz injury some 2s80cd
tion of pressor and excrefory funcuions 5 © be expected

THE STRUCTURAL AND FUNCTIONAL CHANGES

The renal changes 10 bypertension seem o develop in merging
phases of functional and strucpural abnotmaliry which Anally aleer
blood fow The stage of early hypesrension 15 chatacterized by
< asoconstriction localzed 1w afferent artenes and artenoles This
v asoconseaction commonly halances the ipcrease o artertal pres
sure so that renal blood flos glomerular filtranon sate wubular
nutninon and funcuon ste quantutamely normal In this phase
tests will show that eacretory funcuon 15 completely preserved.
Persistent artersal hypertension (o man as i the rat 15 one pre
sumptive cause of accelerated arterrolac sclerosis At about the ume
sclerosts begins the actwity of the renal pressor system probably
begns w add two the exsung artecialar vasocoastricuon  eardiac
augmentation and acreased areersal teasion w the ladacy
causes cansticunn of the glomerular afferent and efferent anenoles
The added afferent constriction tends to decrease glomenatas filtra
tion pressure wiule efferent constriction sestores 1t to and above the
oormal The pasred constncnons wereae 1enal resistance o sach a
degsee thas despute ncreased amenad pressure  some decrease of
cenal blood fow commonly tesntes Were 1 unaccompansed by any
other change derseased blood flow wonld resulr in a concurrent
dfcxcasel n excretory funcuon However the increased saera
g presswre of by consequent on ¢Hetent at
teriolac consncuon mantans those aspects of excretory function
::;C;tiﬂg u:‘::l‘:a:;n, even 1n the presence of schemsa Filira
contents) from \es:blmds%‘:::mg et pond i dusoliod
sequently tests of funcuon which re
et the tate of glomerular filteauon often yteld normaf values
uatd tenal snjory and schema are wel) advanced, although other
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cvidences of injury may appear Later, the spread of vascular injury
50 reduces the mnss of renal ussue and blood flow that all tests re
veal the defect

The first structural lesions are preglomerular They affect, m
order of decreasing frequency and degree the renal arcery and us
main branches (in the form of atheroma) the small arcerolar
branches (as sclerosis) and the end arterics (as proliferation), the
last sn malignant hypertension Most charactenistic and widespread
m long standing hypertensive disease 1s the afferent arteriolar
sclerosis These arterioles apparently 1n greater degree than artent
oles elsewhere, re subject to accelerated senescence mduced by
high arwcrial pressute This change follows the pattern of mumal
hyalinization, medial hypertrophy elastic uissue degeneration and 1n
malignant hypertension fibrinotd and necrotic degeneration The
glomerulus distal to a Lightly damaged artcriole may be normal As
1ts blood supply 1s first impured the eputhelum may prolferate,
when bload flow ceases the capillaries ulumately collapse and
sclerose The twbule may undergo simple tschemic atrophy Al
ternatively occlusion of the afferent artertole may sumulate forma
ton of collateral arterioles from the afferent and interlabular
artertes and they may nourish 1 twbule whose prosimal segment
becomes hypertrophic The functional value of the aglomerulac
tubules thus formed 1s unknown The sumple patchy sclerosis with
preservation of normal renal stroma pattern spreads and increases
1n degrec untl large numbers of nephrons are destroyed Bue while
renal function s often impaired exceptionally does the course of
essential hypertension terminte 1n uremia

The rapid exudanve and necrotic change which characterizes
malignant hypertension 1s accompanied by mereased renal vaso
constricuon an aceelerated rate of ussue loss and an added type of
structural mpury This 1s hydronephrouc atrophy due to obstruc
uon of the disal tubules Two factors contribute to 1t One 15 the
more extensive and exudative chrracter of the glomerular imjury
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which resules i greages proteinug (han 1s common 1t the atrophy
of essential hyperension. The condensation of this proten 1 the
flud of poorly funcuiooing distal whules someumes pesmancay
obstructs them. The other factor Teading to tubufar obstrucuon 15
due to the provmuty of the macula densa of the disal comvoluted
cubule to the afferent atteniole. The lesion of this artenole i ma
lignant hyperrension s necronc and exudame he exudate sur
rounds binds and obstructs the tubule even when 1t does not wmvade
the lumen of the artenole Elsewhere n the parenchyma the ac
celerated sschenuc atrophy of the malignant phase resufts i accu
mulations of macrophages and plasma cells which give the nssue
the appearance of 2n mfammacary exudate These dusaub dhe
reticular connectne ussue and leave occluding scars of abnormal
stsoma in their sahe

Thus the appearance of the hadney m hypertension may be
wholly normal or the parenchyma may be normal with begmning
afferent areerolar and arenal scleross or dhe tubules may be
patchuly awrophuc with more advanced anenolar dsease In malig
nant hypertension che rase and degeee of u sue foss are greater the
arteniolar fesions more acute and exudative and the rype of renal

ussue damage hydronephrotc and almost wilammatory as well as
sscheaue

SELECTION AND USE OF TESTS TO MEASURE CHANGES

The purpose of 4 test of renal funcsion 15 to reflect the charac
ter of the renal lesion 1es weensicy and the probabality ot presence
of renal falute The achievement of this objectnne 15 depeadent on
the choice nterpretanon and repettion of tests.

The nawre and techasc of tests of renal funcrion have been
developed 10 astorushing lesels of accutacy through the effors of
Addis Van Shike and Soauth, Howeser selecuon sl depends on

the cx(‘Emal condiuons of the physician s practice: Tests which can
be d using office equip are (1)

of pro-
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teinur, (2) counts of unnary sediment and (3) determinations
of unnary concentraung power Where the faciliies of clinical
chemistry are avadable, (4) the urea clearance may be added o
these as well as (5) the phenolsulfonphthalemn test The tests used
1 office pracuce will be considered 1n some detarl A chinie which
deals with large numbers of hypertensive patents should also have
means of determining (6) glomerular fileration rate, effecte renal
blood flow and tubular secretory capacity Specfic indications of
the demands of research may call for sull other tests

1 Protesnuria—Esumates of protemnunia may be qualtatne
adding a semiquantstative description, or chemically quanntame,
The heat acettc method 15 qualitative and the result semiquantia
tve since it 18 recorded as O trace or 1 to 4 plus The physician
should establish for himself some noton of the approximate con
centrations of proten to which the semiquanttative symbols cof
respond A rough estimate 1s that trace =035, +=1, ++==3
+++ =5 and ++++ =10 Gm of proten per luter of urine
The quanttative methods may be approximate, adapted to the
physictan s office laboratory or unnecessarily exacung The approxt
mate quanutative methods commonly used are that of Esbach
which does not require a centrifuge nd that of Shevhy and Stafford
which does The latter (p 367) 1s more raprd and sausfactory
Quantitative measurement 1s hardly worth the effort if the volume
and pertod of urme collecuion are unhnown The measurement IS
made with urine samples collected over known periods of several
hours (eg 12 hours)

Utinary protein 1n hypertension usually atises in the hidneys
although traces may be duc to exudation of pyuria m patients who
suffer from inflammauon of the lower unnary tract Renal pro-
temnuria may result from 1schemic glomerular capillary njury which
breaks the double barrier of endothelium and epithelium and pef
muts abnormal passage of plasma protemn into tbular flud Al
ternatively as the result of tubular sschemia the cells may fail 0
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teabsorh the small ameunts of prowein notmally present i tubulac
fud such prowenuna s wbalas A glomerular ongn i more bhely
i hypereosion The glomerslas snjury of which proreuuna 55 an
d may be { and due 0 P in which case
1t 15 fucuaung Somenmes iansient 25 dusmg pressor sumulauon
—or largely stroctural the tesuls of preglomesulas scieross whea
& 15 Constat, someumes progressne Sclerosss proceeds © oblitera
tian of the glomerulus so that protenuna ceases 10 one wbale 1w
appear wn anotber as #is glomerulus begins De affecied. Conse

quently she proteraussa of hypertension never reathts the levels
which are common in g

p and ecl wx
emn 1w which blood Rows mare or less treely over large groops
of severely inused glomerular capilasies A common nate of pro-
tewpuria 10 hypertensives with cenal vasculas wpary 15 03-1 Gm
per 24 hours Values rarely exceeding 5 Gm appear when renal
myary is widespread because of mal! hyp Higher

cates suggest the presence of some other disease (glometulonephrs
us eclamptogenic wxemsa, amylordosss meercapiflary glomerufo-
scleross) Qualiaunely protewnuna posnts to renal vascular injury
quanntatiely 1t ndicates the rate of renal impury when very se
vere 1t poings o 2 dragnosts other than essennal by perceasion

2 Sedimens count-—Study of the erystalline deposis 1 urine
15 not of direct inzerest 1y cases of hypertension Bue the organuzed
sediment of urine the red and whie blood cells epithelum and
casts, has the charactes of a renal biopsy fts description like dhat
of may be g or g The semt
Quangeative examiauon 1s made by muctostopic mspection 1 a
drop or under a caverglass of the sedment from centnfuged
speamen The descripuon hese 15 1n terms of the numbers and gpe
of cells per bugh power field. This method does not serve for mace

than rough comparsan when wrne volume and concentration and
the technic of ohservaon vagy

A quanutatne mote pawstalung and much more worth while
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measure of the sediment 1s obtaned by the method of Addis (p
368) The pricple s to collect urne during a umed tenval and
to determne 1n this specimen the output of protem and the num
ber of formed elements Fluids are usually restricted dunng collec
uon for two reasons (1) the test 1s often done concurrently with
measurement of maximal specific gravity, (2) red blood cells and
hyaline casts disintegrate i diluce neutral or alkaline specumens
but persist in spectmens which are hypertonue and acid The unne
1s acd during most oligurns including that due to flurd restriction

Although as many 1s 2000 000 red blood cells per 24 hours

TABLE 12 —COUNTS OF URINARY SLDIMENT In HEALTHY SUBJLCTS
(MODIFIED FROM NAERAA)

TTUAOCYTLS PLUS

AUTHOR Rep BLood Criws | EPITHILIAL CELLS CASTS

MiLLIONS MiLLioNs THOUSANDS

Addis 0-04 (006) { 003-18(032)( o1 (1)

Goldnng 0-15 (016) | 002-34(065)] 0-9 (06)
Naceraz

Healthy adules 0-11 (013) | 0014 (10) 0-9 (20)

L Algedadults 0~23 (075) | 019-2 (08) 0-15 (70)
yitle

Children 0-013 (001) | 001-25(03) 0-12 (1)

may occur in the unine of a healthy petson the practical uppet Tiue
of normal 1s 500000 (Table 12) Levels higher than 500000
suggest the advisabiliy of repeated determinauons The red cell
count has great value 1n glomerulonephrins since st reflects the
acute exudative acuvity of glomerular irrtation Hematuna alone
has less significance 1n essential hypertension 10 which tncreased
red cell excreuon 1s the result of preglomerular njury which also
causes protemnutra The bursts of hematuna ( renal eprstaxis )
which appear and rapidly substde n certain cases of severe essen
ual or malignant hypertension are exceptions to this rule These
presumably ate due to acute oblteration of a small artery or
artersole with minor renal farcuon They are omnous since they
pont to acceleruon of arteniohr disease
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Lewbhocytes and eprthelial cells other than squamous epithelium
are couated together ssnce they have much the same $122 and shape
“The adveat of the phase Microxcope gnes promise of more aceu
care differenuation of these cells. A count greater than 2 000 000 per
24 hours may be connidured sbsosoal The whie cells may afise
from istanon anywhere in the unnasy wact, The count should
therefore be done before of at a reasonable wmrerval after geouo-
arsary sstramentsbon, Reaal ongn of Jeubocytes 18 suggested by
systemaic excluston of other foct and by the presence among, them
of tenal epithelial cells and of cellular casts. The unnary feuhocyre
count i esseatial bypertension wathour utogenital snfecuon 15 not
commonty abnormal it varies with due tate of 1enad vasonlar sy
and therefore with procinuna and hematursa, When the inpury %
smere and rapdly extending and assumes the character of an
exudate 25 33 malignant hypertension the unnary sediment may
reflece dus change Chuefls the count 15 of most value 10 drawing
artenton to assocstted wrologic wnfecnon It shauld be tecognued
ahae cheaaic pyelosephunns is not exciuded by the absence of pyutia
an a single test or even on repeated tesis
Cylindrumma 1 abnormal when the number of casts 18 greates
chan 10000 per 24 howrs In the presence of other abnormalies
of the sedimens 5 000 casts per 24 hours may be cansidered abnot
mal ta mase peaple The cast 1s formed i the collecting and duseal
whules from condensed wrnary protein and cells ‘The proten 15
:»’rhe: a{ local srestacnve or of plomerulat ongw Commonly 1t s
and cyhind 5 d with P Slow 1
wey of one nephron which leaves ws nesghbors et such a5 ce
curs «a hypertenyion may result 1n cplindrra which seems our of
vroportion to the accompanyig proteieuna. Cyliodruna abso de
pends aa dhe concentrauons of unoary solires (ueea electralytes)

zl’: o and s Olsver suggested z cachobiydrate factor simalar 1o
[s gni;m 1 Rhuch seems 1o be seereted 1 the collecyng and diseal
FL H
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The potnt of junction of distal convoluted and collecting tubule
1s narrow Plugs of protemn condensed 1n the distal wubule may b
prevented from escaping while similar condensations formed i the
collecting tubule appear 1n the urine as casts Those which do no
escape may occlude the tubule and cause hydronephrosis and
atrophy Heavy cylindrurna suggests that such damage may be oc
curring  Protemn precipitates most readily 1n acid highly concen
trated unine Plugging of wbules may be inhibited by providing
conditons which result 1 the formation of a neutral or alkaline
urine This result may be obtained by ncreasing water intahe t0
about 3 L daily and, in the absence of uremia, by admimisteriag
potassium citrate 15 gr to the drachm (1 Gm per 4 cc) after
meals 1n an amount sufficent to mantain the morming unne new
tral to litmus

Casts are the only components of the sediment which are neces
sanily of renal ongin Their assocration with red and white blood
cells potnts to a renal origin of the whole sediment The presence
of coarsely granular and of cellular casts 1s more indicative of 2
destructive lesion of the nephron than that of hyaline or finely gran
ular casts When most of the nephrons and collecting tubules
which unite 1nto a duct of Bellin1 (the major duct which opens
nto the calix) are injured and the stream of urine 1s slow casts
form at thus site also These casts are unusually large Their appeat
ance presages renal failure

Addis viewing the sediment count as a form of renal biopsy of
much more than merely quanutatise value nststs that the clincran
should do the count However an experienced technicran can at
least arrive at a better expression of the sedtmene by this than by
any other method One disadvantage lies i the false sense of s¢
curity a number however specious almost always conveys Im
properly pecformed the count 1s probably more fallacrous than in
spection of fresh sediment 1n morning urine An advantage lies 10
1ts providing from one aspect——that of exudation—an insight 1nto
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ihe character ot the tenal mury and by senal counts of changes
10 the xate of progress ‘The procedure bas not wan the wide ac
ceprance 1t deserves Caleulation of the count can be greatly :hu:)
plificd by the use of Hiness nomograph (p 370) or by tie mes
ptoposed by Addis 1 s book.

3 Test o{ urnary can:entmrron——'fhe esumation of unnary
spenfic gravity 1s the oldest quanutative test of renal functon and
the most easily pecformed The common practice af measuting spe
afic graviy 1w cosual speamens has also made ¢ one of the lease
dependable whereas 1t can be one of the most sensiuve indexes
of renal njury 1 hypertension.

The speaibe gravity of an aqueous solution 13 a measure of the
amount of dissolved subsmnce st contans The abiliey of the dud
nieys to form unmaty flud of speufic gravity different from that of
wnterstunal fwd that 15 greater or less than about 1010 depends
on osmonc work done by zenal cells which separate these fuids
Abuliey w do thus work may be measured by wnducing water dwitens
and measunng the hypotoniaey of the resultant unine (dilunion
tese) or by provoking oligura due (o water deprivanon and meas
uning the wcrease w uhinary speafic gravity {concentrauon test)
Esumaton of diluting power 15 Jess valuable than that of concen
traung power partly because the range of dilution (1 010-10005)
15 smallee than the range of concentsauon (1010-1 026 of more)

Compatison of tesults of contentrauon tess shows that the
raethod of water deprivanon must be swandardized, Of the pro-

cedures used the Adds test (p 367) seems the mose sausfactory
and 15 also adapted to the 1 b

s of p 13

and sedhiment count. Spearfic gravity 1s measured in the stime formed
duning the last 12 hours of 4 24 hour petiod of fluid deprivation
The tesult 15 recorded as  maxamal urnary noaprotewt specific
Rty sce consection s made fot protetouna. The loser lumis
of notmal concentration ability 15 1026 tacely 1025

The fancaon measured by the test 15 the degree 1o which uning
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The point of junction of distal convoluted and collecting tbules
1s narrow  Plugs of protein condensed n the distal rubule may be
prevented from escaping, while similar condensations formed 1n the
collecung tubule appear 1n the utine as casts Those which do not
escape may occlude the tubule and cause hydronephrosss and
atrophy Heavy cylindruria suggests that such damage may be o¢
curning  Protein precipitates most teadily 1 actd, highly concen
trated urine Plugging of tubules may be inhibited by providing
conditions which result 1n the formauon of a neutral or alkaline
urine This result may be obtaned by increasing water sntake ©
about 3 L daily and in the absence of uremsa by admunistering
potassium citrate 15 gr 1o the drachm (1 Gm per 4 ) after
meals tn an amount sufficient to maintain the morning urine nev
tral 1o hitmus

Casts re the only components of the sediment which are neces
sanly of renal ongin Their association with red and whete blood
cells points to a renal ongin of the whole sediment The presence
of coarsely granular and of cellular casts 1s morte indicatve of 2
destructive leston of the nephron than that of hyaline or finely gran
ular casts When most of the nephrons and collectng tubules
which umite 1nto a duct of Bellini (the major duct which opens
into the calin) are mjured and the stream of urmne 1s slow casts
form at this site also These casts are unusually large Their appeat
ance presages renal failure

Addis viewng the sediment count as a form of renal biopsy of
much more than merely quantitauve value ststs thae the chinician
should do the count However an experienced technician can at
least arnive at a better expression of the sedument by ths than by
any other method One disadvantage lies i the false sense of s¢
curtty a number however specious almost always coaveys Im
properly performed the count s probably more fallacious than n
spection of fresh sediment 1n mornung unne An advantage lies 1n
1ts providing from one aspect—that of exudation—an 1nsight mto
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atise
s last hours pass duning sleep An errof I interpretaton may

the fice diet may be abnot
from the pavents diet, which, as 1
mally deficient 10 protein and salt so that those solutes which con

eibute most 1o spectfic gravity urea and salt, are lacking In such
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Fi¢ 9 —Scattergram of glomerutar filtfauon rates and concurrent maxumal
unoary concentrating powet for 116 pat ents with essential hypertension 53 1o
the mal gnant phase (open aircles) The verucal and honzontal bars indicate

fower | muts of normal for each funcon. The scatter demonstrates the wndency
10 lose concentrating powet while mawntain ng normal or nearly normal rates of
glamerulat fltrauon

patients as 10 those Who are excessively hydrated the renal cells
ate not fully sumulated by the soutine of the test.

The result of the test should not be interpreted diectly in tetms
of rubular ntegnity or injury without confitmatory evidence Actu
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can be concentrated in the nephron by reabsorption from the 1so-
tonic tubular fluid of a hypotonic solution 1nto the blood Ths final
concentraton 1s performed by cells of the distal convoluted tbule
A normal result suggests that these cells are mtace and normally
responsive when the sumulus nciced by water lach causes an 1
crease i the osmotic concentration of body flud and in tura s
cretion of posterior pituitary hormone which acts on the tubule
cells Distal and proximal tubules are commonly injured together
by disease The maximal urinary specific gravity therefore usually
parallels the more complicated tests of proximal tubular funcuon,
such as that of the ability to secrete diodrast® or p aminoluppurate
The association of decreased concentrating power and tubular secse
tory capacity lihe the relation between falling concentrating powet
and loss of glomerult persists down to a level of 10-20 per cent of
the normal At this point the maximal uninary speafic gravity 1
about 1010 (hyposthenuria) With further progress of the disease,
the ability to dilute 1s also lost and the uninary specific gravity be
comes fixed and the urine 1sotontc (1sosthenuria) The test 1s there
fore to be thought of as a sensitive means of esumatng renal func
uon, available to the physician 1n hus office but of no further value
once the renal 1jury has progressed to the onset of renal falure

The test simple 1n practice has several sources of error which
must be considered 1n 1ts nterpretation It 1s usually contraindicated
1n the presence of azotemra of any definite degree (eg when blood
urea mitrogen 1s over 25 mg per 100 cc ) The sumulus of water
lack may be adequate because the pauent mistahenly drinks flud
on the day of the test 1s excessively hydrated from the day before
or 15 beginning to release edema Performance of the test requires
the patents understanding and co operation and the exclusion of
receding edema Those whose ability to concentrate urmne is greatly
impasred and even those with normal funcuon may be disquieted
by thust despite the use of chewing gum This 15 avordable to some
dearee by starting the period of water deprivation at 8 AM 5O that
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FIG 10 —Schematzation of excrenion of water urea and glucose Each
schematic nephron represents the normal renal function of 2 buman bewng.
Numer cal  alues opposite blood vessels 1ndicate conceatrations, tespectavely of
plasma water urea and plucose Bracketed values ate wesbized s, they tepre
sent concentrations which would obrain were plasma water nog filteted wih
the solutes In the case of water of 100 per cent of renal artenal plasma water
70 pet cent 15 filtered more than half of the filrate 15 restored to the plasma
by proximal tubular reabsorpuon and the remander except the small volume
whch appears a3 unine 5 reabsorbed 1n the distal rubude, With a filuraton rate
of 17% ¢c per minute Water tesbsorpuon Is 124 cc. per mnute when unine
olume 5 1< per m ante The second nepbron sepreseats urea cleasance whea
arterial urea N s 10 mg. per 100 cc. of which 20 per cent 1s filtered a frac
ton s ceabsorbed and the amount excreed per minute 15 equivalent 1o 75 cc.
of blood o plasma. In the case of glucose ar normal plasma level (100 mg.
per 100 ¢ ) 175 mg. 1 filtered and reabsorbed each minute At high plasma
levels (400 mg per 100 cc ) the amount filtered s 500 mg. the amount ex
reied 150 mg. per m oute the difference (500 minus 150) of 350 mg per

minute represents the maximal glucose seabsorpuve capaciry of the tubules. This
darurm 15 abbrey ated as glucose Ten.

23
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ally, the degree of concentration depends on () the ability of the
tenal cells to work and (4) the amount of work they are called
on to do If, as 1s common 1n hypertension the volume of glomer
lar filtrate presented to the remaining tubules 15 greater than ot
mal, the concentration of the resultant urine may be low 1 propor
tion to the actual renal mjury Conversely, when some factor such
as congestive failure abnormally depresses formation of glomerular
filtrate, tubules really deficient 1n concentrating power may delivet
urine of high specific gravity The concentration test 15 therefore best
interpreted when there 15 also available 2 measure of the concu
rent rate of glomerufnr filtravon This 1s most castly obtamed from
the determnation of urea clearance

4 Urca clearance —The French word for clearance 1s épuration
It conveys the notion of purification of a volume of blood somewhat
more clearly than does the word clearance As ongmally used by
Van Slyke the term clearance was applied to urea, 1t may be ex
tended to any substance which 1s present 1n blood and excreted 10
the unine The concepe 15 used because neither the blood urea con
centration nor the rate of urinary urea excretion separately pto-
vides an index of the change the hidneys make 1n the blood which
passes through them Thus excretion rate or blood level may be
low because of a low protein diet or both be increased by a meat
meal Concurrent measurement and comparison of the two €
cludes factors other than renal n the resultng mndex Urea cleat
ance by definition 1s the least volume of blood (or plasma) whose
content n urea 1s equal to the amount of urea excreted 1n on¢
minute Thus if the urine formed 1n one munute contans 75 mg
of utea nurogen and the blood contams 10 mg of urea nitrogen
per 100 cc the least volume of blood which contans 75 mg
75 cc and this volume 1s the urea clearance Mathematically this
volume mught represent removal of all the urea from 75 cc of
blood or fractional removal from a much larger volume Actually
the rate of renal blood flow 1s 1bout 1 L per minute so that not
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of usea excreuon Blood urea 15 present 1 soluuon in plasma and
sed blood cell nater Some 20 per cent of the plasma water with
s contaumed urea 15 fltered through the glomerular Gapilfars
1f filwaon rate 15 125 c¢ per munuce and biood urea nitrogen 10
mg per 100 c¢ the amount of urea filtered 16 125 mg per munute
Thus urea clearance sf it could be measured at the plomerular
exit, would be 125 cc per minute that 15 cqual to the raee of
glomerular fileanon It 15 normally less than fltrapon rate be
ause urea 1§ @ small molecule which diffuses sapidly and easidy
through cell membranes and 1 thus pardy reabsorbed i the renal
whule during reabsorption of water A high rae of unne forma
ton especaally as it begms depresses reabsorpuon and therefore
brings urea clearance close to filranon rate Oliguria with slowing
of the tubulas strcama, permuts more urea to be reabsotbed so that
urea clearance 1s further reduced from filtrauon rate At a steady
or falling utine flow greater than about 2 ¢c. pet minute most peo-
ple reabsorb a faurly constant 10 per cent of the hitered urea. Urea
clearance 15 therefore abour 75 cc per munute. At a steady unne
flow of 1 c¢ per minute rather more than 50 per cent of filtered
urea 15 reabsorbed and urea clearance averages 95 ¢¢ per munute
Urea clearance measured at rates of unine flow greater than 2 cc per
munute 1§ termed  maximal clearance  whule thar measured at lower
rates of flow 15 termed  standard clearance  Measutements are
euther case exptessed 1n percentage of average normal Particularly
ar hugher rates of urine flon which ate constant or failing when
the pauent is at rest and the unne collecuon complete results of
thus simple test are remarkably reproducsble The range of vama
ton beewcen diffecent people 15 about 70-140 per cent of normal
Thas urea clearance depends on two processes glomerular £
traton and wbhular seabsorption Tubular secretion of urea of 1t
e e e n bl
obviate vananons of mb‘z:l:o olabiae unine flow are ntended 1o
¢ teabsorpuon so that the test walf
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ma] urea clearance of 75 cc represents the etraction by the hidacy
of 1bout 7 per cent of its urca content Clarance 1s therefore an
wdeal or virtual volume (Iike a virtual 1mage) and not a real vol
ume of blood (I'ig 10)

Urea, as the principal end product of proten metibolism,
constantly present 1n blood, where 1t may be measured as such ot
¢sumated from measurement of nonprotein mitrogen The rate of
ure forminon depends on the e of protein metabolism, and this
rate s relatn ely constant from one pauent to another Consequently,
renal injury with partnl fulure of urc excretion 15 commonly 8
socrated with an mcrcase i blood urea and nonprotein mitrogen
which begins 10 be cvident 1n most people ar aboue 50 per cent of
normal clearance Sull protem intahe and metabolism vary from
person to person nd from hour to hour, and the physican who
wishes to determune renal funcrion cannot casily take all these fac
tors 1nto account Mc of serum cr yields an index
of renal azotemia which 1s relatively independent of dictary proten
mtahe But thus tese 1s also relatuvely mscasitve i cacly renal im
pairment. The detcenunnon of urea clearance therefore yiclds 10
formation which 1 the early stages cnnot be obruned from de
termunations of blood urel nonprotein nitrogen or even serum
creatntne

Utca clearance (p 372) 15 one of the most widely used diag
nostic procedutcs because («) uren 1s normally peesent in blood and
unne and need not be adminustered (4) the methods for s meas
urement arc standardized for performance in the usual chinucal lab
oratory and (¢) the procedure sself does not demand unusual shills
The test requures the collection of two or more speaimens of unne
over measured intervals of ume and 1 blood sample collected about
midway betwcen the unne samples Duning the collecuon the pa
uent 1s at rest Stinding, and exercise depress filtraton rate and
unine flow and thus deptess clearance

Interpretation of the test requires visualization of the mechanics
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of urea excretion Blood urea 1s preseat 10 solunon tn plasma and
red blood cell water Some 20 per cent of the plasma watef with
s contuned urea 1S filtered through the glomerulac capillarics.
1f filtratson rate 15 125 cc. per mupute and blood urca mirogen 10
mg per 100 ¢ the amount of urea filtered 15 125 mg per muaute
Thus urea dearance if 1t could be measured at the glomerulat
exit, would be 125 cc. per munute that 15 equal to the rate of
glomerular filtrauon It 15 normally less thao filraon sate be
cause urea 15 & small molecule which diffuses rapidly and casdly
through cell membranes and 1s thus pastly reabsorbed 1n the renal
wbule during reabsorpuon of water A high rate of
uon especially as it begns dep bsorp and thetef
brngs urea clearance close 1© fitrauon rate Oligana with slowing
of the rubular stream permuts more urea 0 be reabsotbed so that
area cleatance 1s further reduced from fltrauon rate. Ac a steady
or falling urine flow greater than about 2 cC per munute MOst peo-
ple reabsorb a faurly constant 40 per cent of the filtered urea, Urea
clearance 1s thegefore about 75 c¢ per minute At 3 steady unme
flow of 1 cc per minute rather more than 50 per cent of filtered
urea 15 reabsorbed and urea clearance averages 35 cc. per minute
Urea clearance measured at rates of unine flow greater than 2 cc pet
rmuute 15 termed  maxumal clearance  while that measured at lower
rates of flow s termed  standard clearance Measutements are 1
exther case expressed in percentage of average normal Parucularly
at tugher cates of urne flow which are constant or faling when
the patient 1 at rest and the unine collection complete resulkts of
thus sumple test are remarkably feproducible The range of vara
ton between different people 1s about 70-140 per cent of normal
Thus urea clearance depends on two processes glomerular fil

tration and tubular reabsorption Tubular sectenon of urea of 1t
occurs 10 man probably has Litle significance on the result of the
(:;: ‘::e‘prccauuons tahen 1o stabilize urine flow are wntended 1o

anatons of wbular reabsotpuon so that the test will

urnine forma
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serve as a measure of the rate of glomerular filtrauon Varitons of
urea clearance from the normal are therefore terpreted 1n terms
of glomerular filtration When the number of glomerult is normal
filratton may be depressed by increased renal wssue pressure,
glomerulac capilary mjury or a decrease of hydrostauc filtraton
pressure Filtration pressure may be depressed by structural or func
uonal abnormalities of the arteroles and especially by any nflu
ence which reduces the lumen of preglomerular vessels Alterna
tvely decreased filtraton may reflect a decrewed number of
glomerult, unhke concentration power this decrease continues as
the number of glomerul decreases to the point where Lfe can o
longer be sustained

At the stage 1 hypertension which we consder funcuonal
renal blood flow glomerular filtration rate and tubular funcuon
ate normal as 1s the urea clearance When later filtration pressute
screases and renal blood flow begins to decrease urea clearance
may stll be unchanged Renal blood flow 1s less but propartionately
more urea 1s being filtered The progress of vascular mnjury reduces
the number of glomerult and the rate of renal blood flow so that
urea clearance nd filtration rate decrense despite mcreased filtea
tion pressure A decrense of urea clearance to below normnl there
fore usually tmplies widespread renal vasculir damage In malig
nant hypertension 1 which renal njury 15 particularly severe and
rapid the progress of the disease may be esumated and prognosis
guessed by plotting monthly determmanons of urea clearance
aganst ume When the power to concentrate urine 1s lost the sub
sequent decreases of urea clearance reflect the further progress of
renal injury Urea cleatance of about 20 per cent of normal sug
gests that renal farlure 1s likely and a rate of 10 per ceat 1s usually
associated with uremia A low rate of urea clearance may result
from a temporary reverstble decrease 1 glomerular filiration such
as may occur 1n heart falure or 1n the hypotension which tempo
ranly follows myocardial infarcnon In such cases the urine formed



e
ESTS OF RENAL FUNCTION 279

il nsually be small w volume and lugh i speatfic graviy Dusso~
cavon of urea clearance and concentraung power of this fype 15
therelore frequently an mdex of exuarenal disabiliy The com
bned measusement of concenttaton tests and urea clearance pro-
wides the physican s most useol approach (o the deerminauon of
renal funcuon 1 hypertension.

The generalizauon dhat concenudung power decreases before
urea clearance has certan excepuons n some Ca%es, the thO sts
fail proporuonately of clearance 15 the mose affected The pattern
of predomunantly faling clearance 15 more COMUDOR 10 glomerulo-
nephnius and pyelonephsius than 10 ypical esseotal hypertension
Elderly bypertensive panents whose disease 15 largely artensosclerot
ic, and occasional pauents with malignant hyperiension wiil man
tamn concentraung absiity when clearance 15 sigaificandy decreased
Appatently here the reduction of glomerular flirauon fate pro-
ceeds as rapdly or more rapidly than concurrent wbular damage
It may be that the abnormal hypestrophic nephrons which form
1n the wake of glomerular mjury someumes function 10 concen
trauon but not 1 clearance

S Filtration rate Renal blood and plasma flou Tubular ca
pacyy —Esumates of the levels of renal blood flow, glomerular
§iteation rate and rubular secretory capacity have been ntroduced
repeatedly into thus discussion of renal mjury n hypertension This
«ould have been no more than a presumptuous guess a few years
ago The change has been accomplished largely through the efforts
of Dr Homet Smuth and his colleagues of New York Unnersity
Thetr applications of the concept of clearance permit a more com
plete visualization of renal arculatory and structural funcuon than
1s avadable for any other organ
oy e ey e
ahyscan and uncoml;um}l; . (:u; they are mconvenient to the
T e o nq‘mee dl‘m’r:ng since catheterizaion

e informaton they yeld
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seems to us to more than balance these objections Details of spe
aific tests are presented n the Appendn, page 576

2) Glomerular filtranon rate Certamn substances, norably
mulin are characterized by the fact that when ijected mirave
nously they go 1nto solution m the plasma water, are filtered with
thus water through the glomeruli and are neither added to nor re-
moved from the renal twbulwe fuid, so that all that was fileered
appears n the urine Unnary inulin equals the amount filtered,
the amount filtered 15 the equivalent of 130 ¢¢ of plasma. If there
15 10 mg of iulin per 100 cc of plasma a normal person will
excrete about 13 mg per minute It follows that plisma tnulin clear
ance (the least plasma volume equivalent to one munutes urinary
excretion) of 130 cc por nunute 15 also the acal volume of
glomerular fileration 1n cubte centumeters per minute

b) Renal plasma flon Other substances notably dodrast®
hippuran® and para amuinohuppuric acid are excreted 1n a very dif
ferent manner In each instance a fraction of that mjected 15 bound
to plasma protemn, the remainder 15 1n free solution 1n plasma wa
ter, with which 1t can pass through the glomeruh with the glomeru
lar filtrie The remainder—of diodrast® roughly 85 per ceat of
that which was present in renal arterial blood—enters the peritubu
lar capillaries and duffuses 1to the renal nterstitial flud As 1t
comes 1n contact with the basement membrane of the cells of the
proximal convoluted tubule it enters the cell s transferred
through 1t by a phystochemical system which may be visuilized as
a conveyor belt and 1s discharged into the tubular fluid Apparently
none 15 reabsorbed Thus the blood which flows on mto the renal
vemn will contain only as much diodrast® as will bring 1t mto equt
Iibrium wath renal ntersunal flud Thus with 1 mg of diodrast®
(measured 1n terms of 1ts 10dine contene) per 100 cc of plasma a
small 1mount—roughly 015 mg per 100 cc —is filtered the fe
mainder 15 secreted through the tubules and 4 trace remains 1 the
distal tubular plexus The urine of a normal person will 1 dus
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FIG. 11 -~Schemaozanon of taulin and diodrast® dleasance and of measure
snent of rebular secretory capacaty for diodrast® (d odrast® Tm) In the case of
Jaulin 10 mg 15 assumed to be present 10 100 cc_ of renal artenad phsma 2 mg.
15 filtered from each 100 cc of plasma, feaung the equivalenc of § mg. per 100
¢ in efiereat arte olar and perubular plasma none 15 resbsorbed but neasly
&l che bltered water 15 cestored lea ing the concentration of wmuhn at § mg
per 100 <t 1n renal venous plasma. One m nutes urae conta ns 13 mg. of
sulin dus 15 the equvalent of 130 cc of senal anenal plasma the renal
plasm cleatance of aul n 15 thus 130 <c. per minute The schematizauon 10 the
aase of dodrast at low plasma lexels 18 smitar In the case of diodrasc® Tm
renal artet 4l plasma concentration of 50 mg. per 100 cc. 13 assumed koowledge
of glomerular liration rate plasma d odrast® concenuation and plasma protein
levels yields the darum chat 28 mg. of diodrast® appears ia the unne as the
sesult of filtranon the ur nary diodsast® excretion equals 0 mg per minute
the diffetence (60 munus 28) 15 52 mg. per munute This value represents the
max mal seqetory capaciy of the whules for d odrast® Diadrast® values are
© pressed as mill grams of diodra® 1odine

Inulsn and ¢ osulfate (S Oy) are excreted in an identical manner and para
am noh ppurate (PAH) and d odrast® also cocrespond. Manmto! s subject to
st ght reabsorpuon and cannot quue be wed mterchangeably with 1nulin Appar
ent mann 1o} teabsorpuon 15 abour 10 per cenr. The numencal detadl of the
th1d (Tm) figure would requice shght chaoges if PAH were subsutued for
diodrast® principally because the mean normal tubular secretory capacry fot
PAH (Teap,y) 5 about 80 mg per m nute

281
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cxample, contain about 65 mg of diodrast® per minute Diodrast”
clearance 15 therefore 650 cc of plasma But since the renal re
moval of diodrast® 15 nearly complete, the clearance volume is not
ideal or virtual as 1s urea clearance but 15 nearly real and nearly
equal to the volume of plasma which fAowed through the hidney
during the ume clearance was measured The acrual volume of
plasma which comes into contact with funcuoning renal ussue i
therefore 650-700 cc, the equivalent of 1000-1200 cc of whole
blood (Fig 11)

¢) Secretory and reabsorptive capacity The plasma concentra
ton of a secretable substance such as diodrast® may be mncreased 10
such a level that the amount carried to the hrdneys 1s greater than
the dischacge capacity of the secretory system That pate which the
cells cannot transfer remains 1n 1ntersuual fuid and cquiltbrates
with the renal venous blood Renal extraction fails and plasma
clearance becomes less than the actual volume of renal plasma flow
In the example (Fig 11) measurement of urinary diodrast® indi
cates an excretion rate of 80 mg per minute Concurrent measure
ment of glomerular filtration rate wdicates that 28 of the 80 mg
was filtered The remainder 52 mg per minute 1s the maximal ca
pacuty of the secretory system The measurement of secretory capac
1y provides a specific index of one tubular activity

Reabsorptive function may be measured 1n an analogous man
ner In the case of glucose at low plasma levels, all that 1s present
w the glomerular filtrate 1s reabsorbed by the tubules This teab
sorption occurs through the acuon of a transfer system which car
ties glucose from tubular lumen to cellular basement membrane
whence 1t enters intersteral flurd and ultimately re enters the blood
Its path 1s the reverse of that followed by diodrast® If the plasma
glucose concentration 1s ncreased the amount of glucose filtered
(plasma concentration X filtration rate) may exceed reabsorpuve
capacity Glycosurta results The difference between the amount of
glucose filtered and the amount excreted (usually about 350 mg
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per munute) 15 the reabsorpthve capaay of tis mbular system
275
(F‘g'ﬂxlco csmcpxs)w: have presented of renal blood flow and func
uon 1 hypetcensian depend largedy on the applicanon of these tests
Their presene restricted use does nat seem 10 ysafy elaborate de-
scnpuon of our resulis Desaded discussions are provided by Smub
and by Gotdring and Chasis ‘They hase observed thas pavests with
essenual bypertension may show depression of tubular secretory
capacity while filtzavon rate and abiliy to reabsarh glucose are un
npaired The mechanism of thus dissocation of funcuon ss un
known although 1t serves as an example of the detail with which
renal funcuon may pow be visualized The sigmificance of these
tests seerms 10 us o Le i the fact thae they praude measuses of
tenal blood and plasma flow of glomernular flration rate and wbu
Yar function from which esurnares can be made of the tharacter
and extenc of renal vasoconstricuon and mjury ia the course of the
disease These esumates senve as bachground on which the results
of simpler tests may be visualized dunng their rousne applicanon

111 RENAL FAILURE
The probabilny that ! 4

of byper
rension sall progeess 0 3 fatal defect of excretoty funcuon may be

supgested by the complant of nocura the appearance of anemua
of bener esumited from successive tests of excretory function No
other clues fll dhe gap betwesn the least and the last degrees of
enal ijury 1a the wmeerval the residve of fenal function 35 ordt
nanly sufficient o maunain the composition of the body flusds at
levels consistene with well bemng Indeed so chatacterisuc 15 tesal
arceriofar sclerosis 1n hypercension that progress tanard renal farl
ute i3 nexorable unless the disease can be sadically altered by treat
ment or a5 15 more common ut short by an extrarenal cause
The lass af venal pasenchyma 1n hypertension 15 the resule (1)
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of restriction of blood flow, functional and structural, and (2) of
mnterstital exudate and fibrosis to which may be added (3) wbular
obstrucuon, either extrinsic from exudate around necrotizing ar
terroles or intrinsic due to protemuria (p 269) The first acs
almost alone 1 essential hypertension and usually at a slow pace.
In contrast, 1t 1s much more severe in malignant hypertension 1
which the second and third processes also become conspicuous This
summauon of factors speeds the onset of renal fatlure so that
death occurs from this cause 1n about GO per cent of hypertensne
patients who develop the malignant syndrome and 1n only about 3
per cent of those who do not In fact renal failure 1n essenual hy
pertension s all but limited to a few whom fortune has preserved
from fatal cardac or cerebral njury unul they are overtahen by ¢
at about age 65

A disproportionate interest 1 the renal structural lestons with
only passing considerauon of clinical course and associated sys

FI6 12 —Photomicrograph of a small spig from Neoprene cast of  normal
hdney including termunal nterlobular arterioles glometular asterioles glomeruls
and 1n many places the intertubular capillary plexus. The artenes show &
smooth contour with regular and gradusl dimisution of caliber afferent
arterioles come off at regular intervals and 1n about normal abundance with
practically no spurs on the arteries to represent occluded afferent artersoles The
white balls represent fully injected tufts of gl lar capull the threadlik
networks especially at the periphery are incerrubular capillary plexuses Bock
Lidneys appeared grossly normal the opposite hidoey was also normal micro
scopacally

FIG 13 —In contrast to the normal specimen this cast of a nephrosclerouc
kidney shows slight and rather inconspicuous irregulanity 1n contouss of the
interlobular arteries especially near their terminations Most strihing are the
reduction 10 total number of glomerul: tnjected the wuregulanty and general
smallness of their size and the Jong strecches of artery 1n which the former
sites of glomeruli are represented only by small spurs believed to be remaznss
of obstructed arterioles The net result 1s the blighted tree appearance. This
cast was made from the kidney of a man 60 with hypertensive and coronary
heart disease who died of progressive myocardial failure Both hidneys appeated
alike 1a the gross the opposite one showed gross and mueroscopic pictuses of
moderate arteriolar nephrosclerosis (Courtesy of Dr G Lyman Duff and Dr
R H More Pathological Instiute McGill University Montreal )
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temic vasculir lestons gave nse to the concept of nephroscleros:s,
benign and malignint The former corresponds to essential hypet
tension with some degree of renal mjury, the Inteer to the syndrome
of malignant hypertension The truficiility of the concept can be
sllustrated by supposing tht patients who die of coronaty of cere
bral artersal disease could be adequately described as suffering from
coronury or cercbral vascular sclerosis A similar even mote mis
leading limutation 1s implied by the concept of chronic mterstenl
nephritis for nephitis carries the connotation of infection 1 fact
the background of this concept rests 1n an 1ttempt to hink glomerulo
nephats and hypertension Confuston of thought 1s best avouded
by dropping, the compound diagnosis of hypereension with nter
stitial nephns Actually the assoctauon of cssental hypertension
with glomerulonephrits 1s rire and probably undignosible

URLMIA

Urenua 1s the clinieal syndrome which marks the point at which
ren1l ansufficiency has advanced enocugh to alter the composiuon
of body flurds with resultant serious disturbance of bodily func
tons

The prease cause of the syndrome remans obscure although 1t
m1y be assumed to arise from retention of substances the normal
Kidney ecretes or alters One of these urea gwe the nune, for
1ts accumulation 1n blood w1s mustzhenly assumed to cause the
characteristic illness Actually no one of the chemucally defined
consutuents of blood can be directly implicated The wrregubarity of
1ts onset 1n relation o the concentration of substinces i the blood
may reflect individual tolerance to change n body fluids The classic
syndrome scems to depend on the loss of larye areas of renal paren
chyma in addition to excretory fulure

Diagnosss —The diagnosss of urenua 1s thus chinicil and cumu
latnve rather than dependent on any single obscrvation It 1s made
from (1) the nature of the preceding and arcendant illness (2)
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the dical symptoms and signs and (3) the demonstrauon of a
great degree of tenal parenchy mal loss
1 The precpianng dlness As we hase seen malignant hyper
tension commenly tesults @ ureme wheceas uncomplicated es
sental Wypestension uremea s fare The prescace of mahigoant
fiypertension may be established from the hustory aad physical ex
s 4 from terminal gl lonephitsas 1s made
by the ustory renal findings and the greater degres of cardioaortt
and cercbral disease Comversely the diagnasis of glomerulonephn
us 15 suggested by intense defects of excretory kuncon (p 76)
Definstion of the nature of the lesion 1s important, since dus may
sgmbeandy mfluence the duranon and character of the uremc
swte Thus, the uterua of mabignant hypertension 15 stormy brsef
and accompanied by cardiac and cerebral wpury while diac of
il | may be pralonged for months and complicated
by remediable acidosts and hypochloremua. 4
Eaosledge of the preceding stiness wil alo ad 0 excluding
the aomte and psendouremias of acute nephnus, eddampsa and
hypertensive encephalopathy These forms of cerebral disturbance
have nothing 1n common With true uremia. Since they are usually

eastly disunguished from sz, the werm uremua should not be apphied
1o them,

2 Symptoms and signs Pecause 1t 1s not complicated by severe
extraenal disease the classic and charactensuc form of wremia i
that which slowly supersenes 10 essenuial hypertension ot 1a ter
minal glomernlonephrits Here the onset 15 wsidaus Most of the
Symproms anse 1n disturbances of central nervous system function
The sequence begins with weabness and anempz. Later anotexia
teads 1o luss of neighs and PrOgEesses 10 nausea ar ihe sight of food
and vomung sftes eanng Headache appeats or 15 mreasified and
extended theough the 24 hoors Dulness and apathy alter the per
somaliy Verngo may be diswessing  Depression commonly ad
Naaces wto coma but may be replaced by taxic delium ar first oc
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castonal and nocturnal and later persistent In a few pauents, 2
toaic psychosts with organized paranoid or melancholic wends 2p-
pears (folie brightique) Recognition of the ttme of onset and the
nature of the change 1n consciousness 15 1mportant siace the p2
tient s testrmentary capacity may be fluenced Generalized motor
convulsions are rare at the onset but common 1n later stages when
they punctuate periods of stupor Prumtus may be an eatly sigo
Food and drug (e g morphine) sensttivities may newly appeat and
cause distressing urticaria

The final stage 15 one of deepening coma, vomtng muscular
twitching and incompletely organized convulsions The breath %
foul 1t 1s ummoniacal because oral bacteria decompose the salary
urea 1nd form ammonia The tongue 1s coated and dry Gastroutes
unal disturbance 15 further marked by stomautis and colitis with
diarther Hemorrhagic diathesis with epistaxis subcutancous hemot
thages and melent 1s common The scratch marred shia 15 nelastic
due to dehydrion Dyspner of the air hunger type may appear a8
the result of acidosis Termunally 1 frost of urea crystals forms over
the shoulders and chest when azotem 15 1ntense Pericardits, usu
ally panless and marhed by a friction rub precedes death by @ fen
weehs 1t most

This typical pattern 15 modified by the assoctited hypertensive
state The uremin of hypertension assumes three forms One the
uncommon form of late essentnl hypertension runs @ prolonged
course of several months such as 1s described above Acidosis and
hypochlotemia may significantly comphicate the discase and thair
relief will do much to increse comfort and prolong life The slow
accumulation of nitrogenous residues results 1n extreme heights of
azotemn1 and anemua may be very severe

The commonest form 1s that which closes the malignane phase
The onset 15 often sudden extending, over a few dys The course 15
rapid bemng completed 1 one to three weehs Azotemia 15 not
intense acidosts and hypochloremia are usually msigruficint This
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tetn of repal failure 18 assocuted with severe cardioaprue and
cxchrovascular disease In such panents fenal excretory failure 35
ot as severe at the oaset of disability as 1t 15 1n those whose uremita
. not combined wth other factors (p 767
Iy cettatn panents with severe essenual hypertension maay of
he symptoms of uremia appear 1n assocation with congestine heart
sluge The degree of renal parenchymat loss may be fess than
hat commonly assoctated with classic utenua and the progress such
hat 1t seems likely that heart fasdure 1s 2 proxumace cluse of the
excretory defiat. The preponderance of the cardiac element 15 indy
cated by the excreuon of a small volume of urine whose speafic
gravity 1§ greater than 1012 Relief of heart farlue temporanly
abates the condition
3 Loss of tenal parenchyma This 15 indicated by changes 1n
blood and urine Utinary specific gravity 1s fixed regardless of un
nary volume at abouc 1 010 Protenuna may be sery slight The
butky casts of renal failure appear 1n the seduncnr
These 15 azoterma  measured as mcreased nonprotein of urea
airogen Creaunune and guamidine are present 1n the blood 12 1
creased amounts s are substances measuted as phenals Catrying
out the errar which first attnbuted uremya t0 accumulauon of urea
11s sometimes taught that uremsa may be diagnosed from some set
level of azotemia. Actually the degree of azotemia at which urermia
begins varies widely and 15 hughest n panents whose renal fadure
1 the sesule of slonly progressive duease Diet and infecton ate
™o of the most important determupants of the Jevel of 2zotemia.
However since there must be considerable mpairment of excre
no for uremia to develop some degree of azotemua 15 necessaaily
present Roughly thus lower limst of uremte azotema may be set
at about 60 mg of urea nstrogen and 90 mg of nonprotein airo-
Bea pec 100 << of blood
e ]\Jci‘:‘l:ximua::ns of clearance reveal severe functional Toss with
clearance fess than 10 per cent of normal
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Prolongation of renal failure permuts the appearance of the sec
ondary remediable changes of 1cidosis and hypochloremia Al
though significant 1n chronic slomerulonephntss, they ate not 1m
portant complicanions of the uremsa of malignant hypertension
Acidosss results from retenuon of aad sons principally phosphate
and sulfate together with increased urnary loss of sodum the
latter partly because the injured hidney cannot form ammonia
Clinically acidosts 1s indicated by air hunger and confirmed by 2
low level of plasma carbon dioxtde content or combtrung power
Inability to prevent loss of sodum iavolves loss of chlonde Dep
nvauon of sodium and chioride results 1n a decrease of plasma
and interstitial flwd volumes and of plasma chlonde, sodium and
total base Thus there 1s added to the discomfort of dehydration a
decreased glomerular filtration rate due to oligemia which intenst
fies or may unnecessarily precipitate uremta Hypochloremea also
increascs anorexia, vomiting and depression and 1n uremsa is often
assoctated with potassium retention wich resultant muscle ewitches
and electrocardiographic changes The latter, carried to the extreme
ends in cardiac arrest

Management —Because of the grave prognosis the object of
treatment 1s somewhat different from that 1 earlicr stages of hyper
tenston It s first to mahe life comfortable and not intolerable and
second 10 remedy defects 1 body metabolism such as hypochlo
remia 1ad acidosis as they appear Occastonally metabolic defects
are caused or accentuated by musguided treatment It 1s as important
not to do certain things as 1t 1s to do certain others

With the onset of uremua reorientation n the social relation
ships of the patient 1s desirable Means should be provided o pur
chase the small comforts and satsfy the simple personal desires of
the patient Rest 1n bed need be recommended only as 1t 1s desired
Hospitalization 1s necessary only as specral needs anse and the visit
should be made as bricf as consistent with the paticnts comfort
Responsible relanves must be mformed of the outfooh and dhe
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purpo.es underlying the treatment. In brief we consider 1t a thera
peustc achuerement shen the pauent ulks 1nto the hosputal and
when hus stay there 15 brief Despate the serious metabolic disordet
of urema hife has been made bearable 1f not enjojable and the
agontes of prolonged urema have been av oded

Faling appetute often preciudes the admuustration of any
special diet Diets Jow 1 protemn but adequate calories have been
shown to protect agawnst both azotemea and uremia Such are the
low protein regime of Addis (about 05 Gm ptotemn per Lilogram
body weighe datly) and modificaions of the nce diet of hempner
1t 15 especully important 10 mamtain an adequate volume of urine
of about 2 L. daily Protein free diets of sugar and butter are useful
in severe siruations (Borst) and most important 15 control of actne
or latent 1nfecton A few patents seem to have better appetites
when vitamin B comple 15 admunistered. Since salt may be lost in
large quanunes owing to mability to concentrate utine 0o severe
restriction of sodium may lead to the syndrome known as hypo-
chloremic uremma. If this 15 suspected determination of the serum
chlonde content will give the answer

The admunistration of large amounts of salt must sometmes
be avoided because of the usual immunence of cardic falure A
compromise must be reached 1 which not encugh salt 15 ginen 1o
aggravate the edema of cardiac failure but sufficient 15 allowed to
prevent hypochloremua In most pauents 3-5 Gm suffices If sale 15
admmistercd without equivalent amounts of water the salt 15 re
tamned For this reason, 1ngestion of salt must be accompanied by
¢aough flud 10 1nsure adequate urine flow

Sumilarly a few pauents show excessive unnary losses of potas
;::'m with resultant weakness and elecurocardiographic change As
o i:\ urme flow s abundant the potassium deficat can be repaired

porassium chlonde or citrate {2-4 Gm daily)
d«:‘h;:g?:z: :‘u:?i ,an aads loss of base by vomiung and the
onia by the hidneys lead to acidosis Tt
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increases the nausea and vomuting of uremia By addion of the
dyspnea of acidosts, distress 1s increased

Acidosts 1s treated by intravenous or, when tolerated, by onl
admunistration of alkalimzing salts Two conveniently available are
sodium bicarbonate and sodium lactate Bicarbonate 1s given orally
1 a dose of 0026 Gm per hilogram of body weight for cach 1
volume per ceat deficie from the normal of serum carbon dionde
combining power It may be given intravenously The dry bicatbon
ate 15 weighed 1nto paper sachs and heat stenlized, the stenle b
carbonate 15 added to sterile water (13 Gm per liter) and infused
The dose of the 13 per cent solution 1s 2 ¢c per hilogram (9 ¢
per 10 1b) of body weight per volume per ceat defiat 1n catbon
dioxide combining power Alternatnely 1/6 molar sodum lactate
solution 1s commercrally available The dose 1s 1 86 cc per hilogram
(85 cc per 10 1b) of body weight per volume per cent deficit in caf
bon dioxide combining power Neither substance should be given 1
a hut or miss manner The persistence of the therapeuuc effect should
be cheched chinically and by repeated determinations of carbon
dionide combrnung power An adequate oral or ntravenous main
tenance dose wall thus be found

The preciprtation or complication of uremia by heart falure 1
treated by the standard methods (pp 210 ff ) There 1s no evidence
that renal insuffictency marhedly decreases the mamntenance dose
of digtalis However care should be excrcised mn the penod of
digitalization when toxic manifestauons may comphecate rapd
digitalization It 15 doubtful that mercursal diretics have any real
place In the presence of renal failure they may be 1neffectrve of
if effectve may only cause serious electrolyte deficit

Iron 1s useful 1n the treatment of the anemu1 of termunal
nephnius only when chronic hemorrhage 1 occurnng It must be
given with caution because it may do more harm than good by vp
setting the patients stomach

It 1s well to prepare for convulsions during the final stage by
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waraing relatnes or ourses of their possibiliy and having avail
able tongue depressars well wrapped 1n gAUZE (0 prEvent mjury to
the tongue when they occur Hyperome glucose (50 per Ccm)i
gnen 1ntrasenously tends co lessen their frequency and seventy 1l
they continue and cause great distress sodium pentobarbual (3 g )
mav be given intravenously

One of the most distressing symptoms of uremia i5 splense
schung Unless 1t 1s reduced or abolished the pauenc i muerable
We use pine tar omtment (USP) Obrundia cream spphied freely
to the shin and ergotamine (1 mg 1760 gr ) orally three umes o
day

Nausea and vomiung are amang the mast dufficult symproms
treat. They tend to be less severe 1f the electrolyte pattetn of the
blood 15 hepe as normal as possible Glucose given by vaim ads
greatly 0 prevennng them, Moderate exercise and fresh au 1educe
th m Some patieats find suching cracked 1ce soothung Bismuth
subnurate (065 Gm ) plus sodwm bicarbonate (13 Gm) may
aid A useful procedure to a1d 1 Overcoming nausea 1S 10 INSCEC
o the Tecrum a ¢apsule of sodum amytal® well lubncated and
punched tull of holes with the pouat of scissors

The mrouth should be kept clean with any pieasant anusepuc
saluton and the lips should be well greased with cold cream.

I distresses the patient 1o be 1old how pale he Yooks Troe the
pallor often 18 ghastdy To try to overcome this 25 much as possible
by daily teatment wih duwect sualight of tradsation fsom ap vl
wialet lamp certainly bolsters the patiats morale

It i often possibie and ceramnly desiable by careful thera
peuucs to allow the pavent normal sacial congacts and duties unerl
wictun davs or weeks of the final uremic coma or cardsac Emlure If
this 1 accomplished the physician has doae well
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increases the nausea and vomiung of uremia By addition of the
dyspnea of acidosts, distress 1s increased

Actdosis 15 treated by sntravenous or, when tolerated, by ocal
admunsstraon of alhalinizing salts Two conventently available ate
sodium bicarbonate and sodwm lactate Brcarbonate 15 gien orally
n a dose of 0026 Gm per hilogram of body weight for each |
volume per cent defictt from the normal of serum carbon dionide:
combinung power It may be given intravenously The dry bicarbon
ate 1s weighed 1nto paper sachs and heat stesihized, the stenle bt
carbonate 1s added to sterile water (13 Gm per liter) and infused
The dose of the 13 per cent solution 1s 2 cc per Lilogram (9 €
per 10 Ib) of body weight per volume per cent deficit 10 catbon
dioxide combining power Alternatively, 1/6 molar sodm lactate
solution 1s commercially avatlable The dose 1s 86 ¢c per hlogram
(85 cc per 10 1b) of body weight per volume per cent deficit 1 cat
bon dioxide combming power Nerther substance should be gen 10
2 hut or miss manner The persistence of the therapeutic effect should
be cheched clinically and by repeated determinations of carbon
dioxide combining power An adequate oral or jntravenous mait
tenance dose will thus be found

The precipitation or complication of uremta by heatt failure 15
treated by the standard methods (pp 210 f) There 1s no evidence
that renal msufficency marhedly decreases the masntenance dose
of digitalis However care should be excrcsed 1n the penod of
digiralization  when  toxic mamifestations may complicate rapid
digitalization It 15 doubtful that mercurtal dwretcs have any real
place In the presence of renal falure, they may be ineffective 06
if effective may only cause serious electrolyte defictt

fron 1s useful 1 the teatment of the anemia
nephritss only when chronic hemorrhage 15 occurnng It must be
gven with cauuon because 1t may do more harm than good by up

settung the pauents stomach
It 1s well to prepare for convulsions during the final stage by

of termunal



RENAL TAILURE 295

The physiofogy of 'hg senal arculaton, Haney Lect. 35 116 l9>9—40
——— Lecrures o the Rudney (Lawsence han  Unwessity of hansas, 1943)
STEINTZ, A Renal blood flow in healthy persons and 1n pauents with hypet
tens on and renal diseases Aca med Scandimav 109 95 1941

Tatbor ] H CASTLEMAN B SMiTHwich, R H. Metufte, R S, anp
PECORA, L. J  Renal biopsy studies with renal clearance observations b

ypes
weos: & pauents weated by radical sympathectomy J Cha lavestigiton
22 387 1943

Tlgrm ) wd Smdxlc;;;( the Renal Circulation (Springfield W Charles

M J B The vicious ciecle 1n chronic Brights duease
Quart, J Med 10 65 1941 * e B

Yute, C L Obstructive lesions 1n xhe man renal artery 1 telavon to hyper
tension Am. ] \L Sc. 207 394 1944



294 ARTERIAL HYPERTENSION

~——— A number of formed elements in the urinary sediments of normal 1n
dividuals J Clin Investigauon 2 409 1926

AND SHEVRY M C. A test of the capaaity of the Lidaey to produce

urine of high speaific gravity Arch Int Med 30 559 1932

ALVING A 'S AND VAN SAAE D D The significance of concentration and
dilucon tests 1n Bright s disease J Clin. Invesugation 13 969 1934

BorsT ] G G Protein hatabolism in uraemia Lancer | 924 1943

BRAUN MENENDEZ E TASCIOLO J C Litor L. T Munoz J M AND
’ll‘;&l)lm A. C. Hipertension artertal nefrogena (Buenos Aues El Ateaco

CASTLEMAN B AND SMITHWICh R. H The relauon of vascular disesse o
the hypertensive state J A M A. 121 1256 1913

CORCORAN A C. AND PAGE I H  Renal blood flow 1 expenimental renal
hypettension Am J Physiol 135 361 1942

TAYLOR R.'D SHRADER, ] C. YOUNG W C. AND PacE, I H

Correlation of clincal types with renal function 1a artersal hypertension Proc.
Cent Soc Chin Res 15 72 1942

Dock W Proteinuria and the associated renal discase New England J Med
227 633 1942

FISHBERG A Hypertension and Nephrius (4th ed Philadelpha Lea &
Tebiger 1939)

FoA P'P Woobs W W PLET M M AND Foa N L. Efective renal blood
flow glomerular filiration rate and tubular excretory mass 1n arrenal hypet
tens:on Arch Int Med 71 357 1943

FRIEDMAN M SELZER A AND ROSENBLUM H The renal blood flow 1
hypertension J A M A 117 92 1941

GOLDRING W AND CHasts H Hypertension and Hypertensive Disease (New
York Commonweaith Fund 1944)

HARRISON T R AND MASON M F The pathogenests of the uremc syndrome
Medicine 16 1 1937

HiGoINs C C  Renal Lithiasis (Sprngtield 11! Charles C Thomas Publisher
1943

HINQI:S )D C A h for simplify of the unne sediment
count (Addis) Am J M Sc 187 831 1934 f

KOHLSTAEDT K G AND PAGE I H The liberation of remn by pcrfusl"“.‘D
Aidneys following reduction of pulse pressure J Eaper Med 72 201 1940

Lrwis H A AND GOLDBLATT H Studies on expermental hypertension
AVIHI Experimental observations on the humoral mechamism of hypertension
Bull New Yorh Acad Med 18 459 1942

MassON G CORCORAN A C AND PAGE I H Dietary and hormonal wflu
ences 1 expenimeneal uremia J Lab & Chn Med 31 925 1919

NALRAA A Studies on uninary sediment 1 Technique Acta med Scandinav
95 341 1938

——— 1 Normal counts 1hid 95 351 1938 §

PAGE I H The management of Bright s disease J Indiana M A 33 337 l‘)\(l

AND CORCORAN A C  Hypertension A review n Stecle J M
(ed) Advances i Internal Medicine (New York Intersience Publishers
Inc 1942)

Prict ] W' MILLER M AND HAYMAN J M Jr  The relauon of spglm‘

graviey to compt;snmn9nnd total solids 1n normal human urnme J Chn
nestcation 19 537 1
sMIx"m H W The Physiology of the hidney (New York Oxford Umnersity

Press 1937)




RENAL FAILURE 295

———— The phys ology of the renal wrculauon, Hatvey Lect. 35 116 1939-40

p— 165 on the hadney (Lawrence han. Unnersity of hansas 1943)

STENITZ, . Renal blood flow 10 healthy persons and 1a pat eats with hyper
tensi00 and renal diseases, Acta med. Scand 0av 109 95 1941

Tatsor ] H CASTLEMAN B SMITHWICh, R. . MELVILLE, R. § AND
PrcorA L) Renal biopsy studies wich renal clearance observauons in hyper
teast ¢ patients teaed by radial sympathectomy J Clia. Insesugaton
12387 1943

TRLETA, J ¢ af  Studies of the Renal Circulation (Springhield 1L Chasles
C Thomas, Publisher 1947)

WILSON C, AND ByroM ] B The witious arcle i chrome Brighes discase
Quart. § Med. 10 65 1941

YULE €L Obstructve lesians 10 the main renal astery 1 telation to hype
tason, Am. ] M Sc 207 394 1944



15 Hypex tension 'L!ld Pregnmcy

THE AGE or chuldbearing overlaps the lower margin of the age
peniod during which established essential hypertension 15 common
Primary renal hyperrension 1s uncommon enough not to be a sen
ous problem 1n maternal staustics Therefore were there no other
factors hypertension would be only an mcidental complication of
pregnancy The prinapal disturbing factor 1s vascular toaemua of
pregnancy, known as eclamptogenic toxema or pre eclampsia and
eclampsia No consideration of this topic 1s possible without some
comment on classifications of hypertension during pregnancy Most
of them have the defects inherent in compromuses The system pro-
posed by the American Commuttee on Maternal Welfate repro-
duced here 1s by far the most pracucal Its ngorous use should con
trbute much to an understanding of thus topic Further 115 2
classtfication which 1n revision will demand lietle more than omis
sion of certun elements such as nephrosclerosts and  posstbly
nephrosis rather than the introduction of new classes

CLASSIFICATION OF THE TOAEMIAS OF PREGNANCY

Group A Disease not peculiar to pregnancy
1 Hjpertensive disease (hypertensive cardiovascular disease)
4) Bemugn (essential) muld severe
b) Malignant
II Renal disease
4) Chromic vascular nephnitis or nephrosclerosis

296
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) Glomesulonephnas
(1) Acute
(2) Chrome
¢) Nephrosis
(1) Acue
(2) Chronic
4) Other forms of severe renal disease
Group B Disease dependeat on or peculiar to pregnancy
1 Pre eclampsia
a)y Mild
b) Severe
1L Edampuia
a) Convulsve
b) Nonconvulsne (1e coma with findings ac autopsy rpical of
eclampsia)
Group € Vommng of pregnancy
Growp D Undlassified toxemias

The classificanon deals with two majos groups of cases
which pregnancy and hypertension ate associated group A hyper
fensive states not peculiar to pregnancy and Lroup B sy ndromes
dependent on pregnancy namely pre eclampsia and eclampsia
Alternanely the syndrome dependent on pregnancy may be super
mposed on prepregnant hypertension

Essential hyperrension or prehypertension present before the
end of the fourth lunar month of preghancy may be modified m
one of three ways by the processes of gestavon (1) In about half
the cases 1t 15 unchanged or 15 modified only by the physiologic
pattern of pregnaacy (2) In a third or more of hypertensive pa
tients the blood pressure may decrease somenmes neatly 1 normal
fevels usuaify betaeen the eighth and the tharty second weeh the
Pprepregnant arterul tension 15 resumed It 15 important not to mis
tahe the nsc i tensson ducing the last months for pre-eclampuc

toxemua Nexertheless 2 tise i pressure should be carefully seudied
since (3) abour a durd of hypertensne

pavents_develop pre
eclacnpsia or eclampsia usually after She TR mentie A
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1 Those whose hypertenstve state 15 not notably altered may
stll cause the clinician concern because of edema That the reten
uon of water and salt 15 an smportant charactenstic of normal preg
nancy s not generally appreciated A normal pregnant woman thus
gans more weight, especially during the last trimester, than can be
accounted for by the products of conception The excess of watet
and salt 1s lost soon after delivery This retention probably depeads
on the sumulation of renal reabsorpuon of sodmm by placental
progestational and estrogenic hormones In some 60 per cent of
women, whether because of hormonal excess, renal hypersensitity
to salt recaining sumuls or a high sale 1ntahe the retention i suf
ficient to cause edema elsewhere than 1n the feet and legs

The characteristics of gestational edema have been emphasized
by Dexter and Weiss who pont out that except 1n the feet and legs
1t 1s nonpitung and does not enter the serous cavitres Headache,
vomiung and scotomas may appear when the edema extends 10
the face and head The syndrome 1s no more common in hyper
tensives than among normotensives It 15 dragnostically important
especally when there 1s pre exssung hypertension, because the
status then resembles eclamptogenic toxemua 1n which also occur
edema headache scotomas vomiting and increased artertal pressure
The observations of Dexter and Weiss suggest that water retention
predisposes to eclamptogenic toxerma The edema and the symp
toms to which 1t gives rise can be controlled by methods which
cause sodmm loss namely admunstration of a low sodum dret and
of potassium (chlorde citrate nitrate) or ammonmum salts (chlo
ride nurate) 1n doses of 1 Gm (15 gr) three tmes a day for
three or four consecutive days per weeh and the drinking of large
volumes of water (3—4 L daily)

2 ‘The patents whose prepregnant hypertension seems (0 be
lessened during pregnancy ate of interest because a somewhat sim
(ar decrease of arterial pressure 1s regularly observed duning preg
nancy or pseudopregnancy 1n ammals with expenmental renal hy
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pertension, §t seems probable that thus fall m arternal pressuse 1§
pastly the result of decreased pesniphesal ressstance dhus decrease 1§
due 10 the placental vessels acnog as Jow fesistance AICHIONEAIUS
shunts In dogs and apparently in buman beings as these vessels
scletose and utenuie tone mnereases in the Jast weehs of pregaancy
the shunc may be lessened and petipheral resistance and artesial
pressure agam nse Anather eaplanavon may be an the marked
changes of blood enzymes 10 pregancy some of which such as
angetonise may he autipressor
> Pauents i whoay ect

toaema 15 Sup d on
essenna) hypestension ate of parucular unpottaace both diagnos
ualfy and prog ally Thew d depends on o def

muon of the processes and weatment of precclompsin and
cclampsia. The supenimposition of pre eclamipsia on exisung essen
tual hypertension senders the prognoss more unfavorable for both
wmother and baby than ewher disease alone and usnally calls for
prompe wernunaton of pregnancy

ECLAMPTOGENIC TOXEMIA PRE ECLAMPSIA
AND ECLAMPSIA

Mild degeees of eclaraprogenic toxemia can be mastahen for
EXCESSIE Water Felention 1N NOMOXEmC pregancy of for prepreg
nant essenual by pertension In toxemia edema s commonly asso-
wted with headache xomiung and scotomas The onset may thus
be estumated from the sympromatology and a praphue record of
body weight which shows g sudden usptuen toward the lase erumester
Arteral hypertension 15 usual che reunal artersoles show segmental
consuiction the reuna 15 very often edematous bur rewnal hemor
thages are uncommon In a nosologic utopta toxemua Like meastes
would be characterized by a spefic rash and dirgaosis would be
s easy Acrually thas desderatum 15 partly met, although the

rash, huidden ia the gl \l fests aself as Ic
ts doubsful 1f eclamptogenc wxems ever arses withour pro-
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1 Those whose hypertensive state 1s not notably altered ma
still cause the chinicran concern because of edema That the reten
tion of water and salt 1s an important charactenistic of normal preg
nancy 1s not generally appreciated A normal pregnant woman thus
gains more werght, especially duning the last trsmester, than can be
accounted for by the products of conception The excess of watet
and sale 1s lost soon after delivery This retention probably depends
on the sumulation of renal reabsorption of sodum by placental
progestational and estrogenic hormones In some 60 per cent of
women whether because of hormonal excess, renal hypersensitiity
to salt retaning sumuli or a high salt intake the retention 15 suf
fictent to cause edema elsewhere than in the feet and legs

The characteristics of gestational edema have been emphasized
by Dexter and Weiss who pont out that except 1n the feet and legs
1t 1s nonpitting and does not enter the serous caviies Headache,
vomiting and scotomas may appear when the edema extends
the face and head The syndrome 1s no more common 1n hypet
tensives than among normotensives It 1s diagnosucally smportant,
especially when there 15 pre exisung hypertension because the
status then r bles ecl in which also occur
edema headache, scotomas vommng and increased arteral pressure
The observations of Dexter and Werss suggest that water retention

disposes to eclamp n1c The edema and the symp
toms to which 1t gives nsc can be controlled by methods which
cause sodium loss namely admunistration of a low sodwm diet and
of potassium (chlonde ctrate nitrate) or ammonwum salts (chlo
nde mitrate) 1 doses of 1 Gm (15 gr) three umes a day for
three or four consecutive days per week and the drnking of large
volumes of water (3—4 L daily)

2 The patients whose prepregnant hypertension seems to be
lessened during pregnancy are of interest because a somewhat sim
Wlar decrease of artenal pressure 1s regularly observed during preg
nancy or pseudopregnancy n ammals with expertmental renal hy
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wtnghe than among pauents . more favorable economic snd
socal arcumstances Thus fact has no obvicus explanauon,

The sracrarad Sesions assocsated with but aoe accessandy char
actensuc of severe woremua Of pregpancy aze tenzl hepatc cere
bral puimonary placental and possibly cardiac, The renal lesion
s one of the most consmnt It cossists s guekemng of the

! far b brane and p of the glomeru
lar endachelum The hepanc lesion seems to begn m blokig of
postal capsttaries by Gbun thromby which 1 wm lead o pent

14f,

TABLE 13
A Factots wiuch may produce or accentuae

B Examples (also Lnoun
relamye ischexia of bypoxia of the
placetia

preduposag causes of

pre-eciampsia)
1 oaessed brdrasauc pressare wathin she
wtervallous lake
«) From moreased bydrostatic teosion waith  Hydramasds
10 uterus Toins, wiples
6) From weressed soir2 abdomuaal pres-  Pramapancy

~

sure Obessy with shore stature
Duffuse mechanical campression of wterine  Labor

blood vessels

Vasomotor constcuon of spiral azzengles
through autonomic pervous system
Sreit bigese producios ampead eftey
on anerses of utetus

Exu::; emosonal tension of

'

Picansting hypenension
Nepbras ()

Duabetes mettituy
Drer byposia of wophoblast by severe  Anemua of hookworm discase

maternal anemus Sicblecell ancwmon

portal necrasis Thes lesian at least msofar as can be estmated from
Uner buopsies, 1 mare chatactensue of severe waemia with eclamp-
sia than of preeclampuz It 1 of course common autopsy
series The cercbral lesion consises essentlly in edema and some
umes @ areas of softening Lung capdlanes hle those of the Iner
may show dfuse fibon thromb: Deposuts of fibtn withun the may
temnal placental vessels form the nucler for the placental infarces
which are charactenisucatly severe 1n toxesmuc pregaancy

The functional pathology 15 by no means as well worked our
The primary lesion 15 probably placental Indeed E W Page 28



300 ARTERIAL HYPERTENSION

teinuria, when protemnuria 1s defined as the excretion of more than
02 Gm of protein per 24 hours without hematuria o pyuria Re
peated, systematc examinauon of the urine—if nced be only of the
mormng urnine by a qualitattve test—is thercfore the means of rec
ogmzing the onset of this condition

Thus the onset of protemuria 1nd abnormal weight gan
the last tumester of pregnancy 1n a patient whose blood pressure
had hutherto been normal swrongly suggest the onset of toxemn
Usually an increase n dastolic pressure at this ume and some de
gree of edema will confirm the presumpton Gestational edema
may mumic toxemia because of the edemr which eatends to the face
and hands Severe toxemm with arterl by pertension and retn
opathy may simulate the syndrome of malignant hypertension The
pauent whose blood pressure was eley ited before the fourth month
of ptegnancy may have shown protetnuria s the result of hypet
tension  the superimposition of toxemia 1n such a case 15 heralded
by an increase in protetnura and diastolic pressure, together with
increased water retention The diagnoss of toxemsa thus depends on
the demonstration of protemnurta edemn 1nd hypertension precipt
tated or 1ncreased by pregnancy usually dusing wts Jast trmester

Causes of toxemia—The definttive cause 1s unhnown It i
Anown that toxemia 15 associated with structural or functional 10
Jury to the chorton Tor this reason 1t appears only s the placenta
seaches maturity and grows old It 1s not observed 1n animals whose
placenta 1s not of human type It 15 five times more common 1 the
first than in succeeding pregnancies It 1s also predisposed to by
hypertension and diabetes mellitus Since these diseases are hnown
to accelerate vascular senescence their association with toxemid
may depend on trophoblastic injury due to obliteration of utenne
vessels in the placenta This 15 suggested by the association of
toxemra with extensive placental infarcion The meadence of
toxemua 1§ increased 1n women who suffer from nadequacies of
hygtene and of diet so that 1t 1s more common among the poor and
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death of burch of small 11} aourished babies m toxemsa and‘ mdxm|
vons from enzyme studies of disturbed and deg P :
funcudn, seigh heanly in favor of the thesis His suggesuon as
the mechamsm of tozema i that such hypoxia of 1schems results
m Iiberavon of degenerating srophoblastic syacytum the ma

ternal blood, and that one product of degeneraung syacyuum

tironboplastn would account both for placental mfazct and for
Bbrtn deposits 1 Iver and lung The mecharusm of the rznal lesion
15 Jess obstous nor 15 1t altogether clear that it 15 the renal lesion
which accounts for the access of artenal hypertension asenolac

constncuon sad capillary damage 1 organs other than liver and
tuog

Other and powble changes occur Normal pregnancy 18 assoc
ated with progressne acreases 1 plasma content of vanous en
zymes potably b g beta gluc dase and
pittessinase The onset of toxemm altess and someumes intensifies
these fevels, while st 250 leads to a decrease wn hisudiouna Pasncu
tar emphasss has been placed on the hormonal changes 1n toxerma
which consist in increased uninary gonadotropm and decreased preg
nandiat and estrogen Smiar changes procede normal delnery In

toxemia, their early onset duning the Jast trimester 15 more prob-
ably evidence of § placental e and d
than an euologic factor

In the hidneys the smjury to glomeruiar capillanies causes pro-
tesmusia because these capdlanes become nonfiltering shuats pos
sibly also by the opening up of preglomerular anenocapdlary
shunes and of the juxtamedullary glomeruh the rate of glomerulac

Blranon 1s decreased, while renal blood flow and tubulas exceetory
funcrons may remain unaltered (Fig 14)

ORIGIN oF EpEMA

One of the oldest and most sausfactory obsenauons on the
cliareal chemustry of taxenua the §requenty of mereased blood unc



302 ARTERIAL HYPERTENSION

vances the view that toxemia s the resule of placental dysfuncton
due to diffuse hypoxia or relauve sschemia of the maternal segment
of the placenta This view 15 based m part on a comparsson of fac

6 DAYS 6 MONTHS 6 MONTHS
ANTEPARTUM  POST FARTUM POST PARTUM  POST PARTUM

ik

[ 3A 38
BLOOD FLOW 800cc. 800cc. 620cc 800cc.
FITRATION RATE s0ce. 95¢ce. 95¢cc io0ce,
M DIODRAST 45mg Tvp 45mg 40 Mg 45M¢

BLOOD PRESSURE 170430 MM Hy 160/ 150785 wyrs

FI6 14 —Schematizauon of renal changes 1 eclamprogenic toxemia of preg
nancy ] ante partum wach affecent and efferent arceriolar constriction thick
-ning of glomerular basement membrane presersation of normal senal blood
low and secretory capacity but depression of filtration rate and ncrease of blood
seessuce 2 a stage of recovery from (1) with residual constriction and hyper
ension 34 essentral hypertension as sequel to eclamptogentc toxemia depres
1on of renal blood flow afferent arteriolar sclerosis and constricuion _efferent
rtersolar constriction injury of tubular cells and secretory capacity 3B recov
¢y from eclamprogenic toxemua wichout residual fuacuonal or structural change
Jata ate compiled from observations on to patients whose antepartum clintcal
tatus was very sumular

ors which would have such effects on placental circulation with
orresponding chintcal factors known to predispose to pre-cclampsia
Table 13)

These clinical associations together with the frequency of fetal
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death of burth of small il noursshed babies 1n toxemia and ndica
nons from enzyme studies of disturbed and nadequate placental
funcuon, weigh heavily 1n favor of the thesis His suggesuon as to-
the mechanssm of roxemua 15 that such hypoxia or ischerma results
1n liberauon of degeneraung wophoblasue syncytum into the ma
ternal blood, and that one product of degeneraung syncytium
diromboplastin would accouat both for placental mfarcr and for
fibtin deposits 1 Liver and lung The mechanusm of the renal lesion
1 less obvious nior 15 1t altogether clear that 1t 15 the renal lesion
which accounts for the access of artetal hypertension artersolar
constricton and capiilary damage 1n organs other than liver and
fung

Other and notable changes occur Normal pregnancy 15 assoc

ated with progressne increases i plasma content of vanous en
zymes notably t

g beta gluc d and
puressinase ‘The onset of toxemia alters and someumes intensifies
these levels white 1t also leads o a decrease 1n husudinuna Parucu
lar emphasis has been placed on the hormonal changes 1n toxemia
which consist 1 increased uninary gonadotropin and decreased preg
ozndiol and estrogen Sumilar changes precede normal delinery In
toxemia, their early onset dunng the last trimester 15 mote prob-
ably evidence of premaure placental senescence and degeneration
than an euclogic factor
In the ludneys the mjury to glomerular capillanes causes pro-
m;num because these capillaries become nonfiltering shunts pos
sslh ly also by the opening up of preglomerular artenocapillary
unts and of the uxcamedutlary glomeruli the rate of glomerufar

l(’nlmmn is decreased while renal blood flow and rubular excretory
unctons may remain unaltered (Fig 14)

ORIGIN or EDEMA

@ Onl: of the oldest 2nd most sausfactoty observations on the
mical chemustry of toxema the frequency of ancreased blood unc
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actd nd the relauve infrequency of nitrogen retention, 15 not casily
explained 1 terms of reduced glomerular filtraton alone Both
uric 1ad (in pare) and urer are filtered from the plasma so dhat
1 reduction in glomerular filtrauion should have the same effects on
the clearances of both, as, indeed scems to be the case (Bonsnes
and Stander) Two factors may bear on the dissoctation berwcen
uric vad nd blood nonprotein nitrogen or urea nitrogen levels,
(1) a possible mcreise 1 unc acd precursors as a result of
syncytnt degencraton and (2) the tendency to negative nitrogen
balance common i toxemit, which m turn tends to depress the
levels of blood urea Whatever the reason the ficts stand that i
crensed blood uric acid 15 common 1 toxem1 and that the greatet
the increise the more omunous the prognosis And while blood
urca 1s not often increased unless there 1s urinary suppression
which 1ndicates very severe diserse the rate of glomerular filtraton
and conscquently the rate of urex clearance, are usually dcprcsscd
1n rough proportion to the severity of the renal lesions It scems
Iikely that the decreised glomerular filtration of water and salt, at
a time when the tubules are alrerdy sumulated to sale reabsorpuon
by the hormones of pregnancy enters 1nto the chimcil syndrome
mn that 1t leads to formauon of urine of small volume relatnely
high spectfic gravity and low sodum and chloride content Thus by
an abnormal mechamism  inother means of sale ind water retention
15 added to the tendency to retenuon charactensuc of normal preg
nancy
Another mechanism of edema may be hypoproteincmia The in
crease of blood volume in pregnancy 1s due more to ncrease in
witer than to nerease n solid content This hydremua 15 normally
assocrited with a shight decrense of plisma protemn concentration
so that total protein content averages 65 Gm per 100 cc normal
ptegnancy nd plasm1 albumin 37 Gm Some further decrease of
serum protein content 1s common in toxemia partly because of the
renal lesion and also because 1t commonly ariscs on a background
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of 1 mnadequacy Hypop parucularly hypo-
albuminemaa, reduces serum colloid osmotic pressure and faals
ares capillary fltravon. Thus while the hypoprotemnema of wa
emua. tarely reaches the levels common i hjpeprotenemic edema
(5 Gm. wal protein 25 Gm serum atbumun pee 100 ¢c), st 15
suficient 1o partcipate with the renal retenuon of salt and to 1a
crease the tendency to edema To the extent that hypoprotemnemia
s due 10 dhetary lack 1t 15 important that 1t be relieved by adminis
travon of a diet contamng a large amount of protewn. Since salt
less meat may be distasteful swably flavoted and drluted prepara
wons of salt free mdh powder (lonalac®) may be added 1o the diet
1n doses of 10-20 Gm three 10 six umes duly

In certain pauents the hypop cannot be explaned by
an inadequate dier or rebeved by provision of protein or amuo

aads In these as i the neph stage of gl loneph 1t
seems Iihely that the set of protewn concentration s altered. This

alteration may be 10 a sense homeostauc, for it faciliates the for
maton of glomerular filtrate and thus mamtans unne formauon
through 2 duchened filtening surface When thus seems hkely 1t 35
unwise 1o gransfuse vigorously with plasma and useless to feed
large amounts of protein Indeed 1n severe cases m which con
Vulsions have occurred of ace unmunent, the blood and plasma
volume may be decreased and the plasma protewn increased to
about the normal n such cases anuna 15 common

Facial edema 15 probably associated with cesebral and reqnal

edema, whuch 1n turn causes headaches nervous wrntabibity vomit
g and scotomas

In wxemua the tendency to edema 15 often threefold There 15
salt retestian of hormonal ongi asd retention as the result of
decteased glomernlar ltration To these are added hypoprotenema
The edema 15 clinteally ssgnificant since 1t may be responsible for

some of the symptoms and since it complicates the course and man
agement, including delivery
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ORIGIN OF HYPERTENSION

The artertal hypertenston 1s of unhnown mechanism but 1s more
probably of renal than of direct placental ongin Possibly the renal
pressor system (renin renin substrate, angiotonin) 1s set 1nto action
perhaps by increased mtrarenal tissue pressure  Renal sschemsa,
absent at the outser may appear as the process occludes large num
bers of glomerular capillaries or as arteriolar vasoconstriction be
comes ntense The hypertension 15 thus simular 1n most respects 10
that of acute nephritis and the chinical syndrome, with its edema
and tendency to convulsions, 1s remimscent of acute nephntis 11
chidren Since the onset of the hypertensive state 1s sudden, the
arculatory system does not have the opportunities for adjustment
which are given by the slow onset of essenual hypertension Thus
the heart, while doubtless sumulated by the pressor agents, does not
hypertrophy but 1t commonly dilates Functionally cardiac output
tends to decrease as peripheral ressstance 15 suddenly increased by
extensive systemic artersolar constriction As a result the pulse pres
sure does not wrden as much as 1t does 1n established essential hypet
tension The artersal hypertension 1s therefore definutely diastolic
Further Dexter and Wesss have shown that thete may be imposed
on the stramming heart the added burden of extensive obliteranon
of pulmonary capillaties To the threat of pulmonary edema from
failure of the left ventricle 1s therefore added the rish of right sided
failure 1n cor pulmonale Perhaps the leading cause of death 15
cerebral hemorrhage This may have 1ts origin in cerebral softening
capillary and precapillary damage and 1n the accesses of artersal
pressure during convulsions or hard labor

The arteriolar constriction of reunal vessels like that of acute
nephntis and unlihe that of established esscntial hypertension 15
more commonly segmental than cvenly distributed in the vessel
Sausage shaped constrictions are frequent and may be scen to shuft
slowly from one site to another When the process 15 intense the
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spasm may all but oblicerate the retipal artenoles. At this stage
teunal edema 15 usually preseat, with papifedema and soft perumac
ular exudaces Rennal detachment 15 2 common sequel As hyper
teasion persists acuee anenolar lesions simaar o those of severe
malignant hypertension may develop These may express falure
of the astenoles 1o adyust their »alls to the strain of acute hyperten
s0n In orher sies symsdar lesions probably account for some of
the less common but yery dangerous pulmonary placental reunal
and renst manfesanons pobly transenr hemoptyms abtuptio
7\ centae reunal hemorrhage corucal renal necrosis and hematuria

ToxEMIA SUPERIMPOSED ON HYPERTENSIVE Discase

Perhaps one thurd of patients with esseptial hyperension show
same evidences of toxemia dunng pregnancy The madence of
toxermia as well as uts sevenry may be greater 1n patients whose
fypettension 13 of primary fenal ongin (glomerulonephrius pyelo-
nephnts)  although these a very small prop of
patients with toxerma

The factors to be evaluated 1o determumng whether or ot
byperension tn peegnancy 1s torenuc  essential  or 2 combination
of both depend first of all on 2 hnowledge of the paneats arteriat
pressure before and during the conrse of the pregnancy This hus-
tory including the famuly history may be revealing When it 55 not
the presence of cardiac eplargement wih hypererophy of patho-
logc left aws deviaton and retnal artersosclesosss with uniborm
Constricuon of the arterioles may lead to the dingnasis of essenmal
hypertension The superunpositon of toxemia on essential hyper

tension will be indicared by incteased protetouna, «dema and other
chmucal symptoms

That a pre easang hypertension 15 renal father than  essen
tial wql be wdicated by tests of renal funcuon notably urea clear
ance an which 2 conssderable defiat combined with an appropni
ate hustory and renal spudy may lead (o the dagnosis of renal
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ORIGIN OF H:PERTLNSION

The artenal hypertension 1s of unhnown mechanism but 1s mote
probably of renal than of direct placental ongin Possibly the renal
pressor system (renin renin substrate, angiotonin) 15 set 10to action
perhaps by increased intrarenal ussue pressure Renal 1schemna,
ibsent at the outser may appenr as the process occludes large num
bers of glomerular capillaries or as arteriolar vasoconstricuon be
comes 1ntense The hypertension 1s thus stmilar 1n most respects 10
that of acute nephrius and the clinical syndrome with 1s edema
and tendency to convulsions 1s remuniscent of acute nephritis 1
chuldren Since the onset of the hypertensne state 1s sudden, the
carculatory system does not have the opportunities for adjustment
which 1re given by the slow onset of essenual hypertension Thus
the heart while doubtless stmulated by the pressor 1gents does not
hypertrophy, but 1t commonly dilates Funcuonally cardiac output
tends to decrease as perspheral resistance 15 suddenly increased by
extensive systemic arteriolar constriction As a result the pulse pres
sure does not widen as much as it does 1n established essential hyper
tension The arteral hypertension 1s therefore definitely duastolic.
Turther Dexter and Weiss have shown that there may be imposed
on the stramning heart the 1dded burden of catensive obliteration
of pulmonary capillaries To the threat of pulmonary edema from
farlure of the left ventricle 1s therefore added the rish of nght sided
failure 1 cor pulmonale Perhaps the leading cause of death 15
cerebral hemorthage This may have 1ts ongin in cerebral softening
captllary and precapillaty damage and 1n the accesses of arterial
pressure during convulsions or hard labor

The arteriolar constriction of retnal vessels ke that of acute
nephnitis and unlihe that of established essential hypertension 15
more commonly segmental than evenly distributed i the vessel
Sausage shaped constrictions are frequent and may be scen to stuft
slowly from one site to another When the process 15 wntense the
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o toacua So 2s Serauss has shown the sodium retenuon of
tosegma wereases the seventy of the vascular disease This weat
ment may be gnen without hospualizauon 1 1 wually accom
pamed by the recommendatan of thsee or fout houss of extra bed
sest and the admumnseranon of a sedauve such as phenobarbical (1%
gt three or four tmes a day When a complete remission 1s thus
obtaaed, pregaancy should be carned 1o term or untl evidences of
toxemua again appear
Sice the syndrome may suddenly become untensihed close
ohservation 15 always desizable and 1s best achueved 1n the hospital
Hospalizauon 15 essential when the weight increases more than 2
Ih weelly when proteisura exceeds 5 Gm per 24 hours and when
there 1 oligunia or hemaruria, 3 systolic pressure greawr dun 170
mm. Hg phalopathy vormuitng
vsual disturbance
The charactersstic encephalopathy of thus disease 15 the eclampuc
convulsion When thus seems immunent, teassurance toral quict and
sedavon as with pentobarbial (3 gt 02 Gm.) are provided.
Convulsions may be prevented of treated by muravencus wfusion
of a 2 per cent solution of magnesium sulface gien 1 a dose
of 500 cc over a period of one hour The rate of mfusion and the
necessary dose ate adjusted by repeated observauoas of the hnee
jeth 2 decrease 15 an indicauon for slowing ot mneerrupung the 1
fusion. Aa overdose causes tesprratory fadure long before the heart
ceases 10 beat ‘This aceident ts treated by prompt intravenous in
tecson of a calaum sale (chlonde gluconate or levulinate 1 Gm)
and arufical tespiration ‘The iofusion may be repeated at inter
vals of erght, 12 or 24 hours depending o response and the rate
of urine focmavon In the presence of oliuria early repetion 15
lfm;lvnsabl{e The injection of magnesium sulfate 15 follgwed by a
s:“mﬁ ﬂh - lanmh and torpor and central nervous system depres-
should be noted that the dose of magoesiom sulfate (1 ar

P! paun Of persss ent
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hypertension (p 247) Severe renal hypertension Iihe severe essen
ual hypertension predisposes to an early onset and stormy course
of supcrimposed toxemia

Thus, the presence of the two diseases 1n combination 15 a
danger to the mothers 1 whom maternal moreality rises o about
I5 per cent, and to the children 1n whom fetal mortality 15 50
per cent and uncertain survival of damaged ill noursshed babies
adds stll another toll It 1s especially dhus group of patients $ho
exhubit some of the fatal mechamsms which appear 1n toxemi
(cerebral hcmorrhage, retroplacental hemorthage pulmonaty
edema and anurta even the rare renal corucal necrosis)

TREATMENT OF LCLAMPTOCENIC TOXEMIA

The syndrome 1s one of water retention artersolat and capllaty
damage and acute hypertension Its palliative treatment 15 based on
the relief of edema and sympromauc relief of complications not
bly convulstons Radical treatment depends on removal of die
source—the trophoblastic tissue of the placenta

Pallsation —The palliauon of water retention depends on pro-
vision of 2 low sodium diet (less than 1 Gm sodum chlonde
daily) whech 1s preferably low also mn calotses (about 1500 daily)
but rich m proten (80-100 Gm daily) By thus means, further
accumulation of salt and water 15 prevented and the body 1s de
pleted of some of its salt store When these 15 no oliguria, the rate
of urtnary depletion of sodium may be mcreased by a water mtahe
up to about 3 I daly and adminstraton of potasstum of am
monum salts Sice toxemua 15 usually associated with decreased
alkalt reserve, t which also the normal pregnant woman seems
especially susceptible ammonum salts should be cautiously and
termittently given The secession of edema 15 often followed by
amelioration of the vascular disturbance Indeed just as excessiié
water and salt retenuon in pregnancy seem to some to predispose
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vascular degenetauon i the placenta, therr use might comnbu:lc
1o prevennon of toxemia. (2) Also aimed at presention 1s 3
mustration of diethylsulbestrol (dose 15 05 mg X the weeh of
pregnancy at the tume of treatment, untl tvo weehs befote term)
This mechod, amed at correction of hormonal imbalances 15 sug
gested for use 1n women suffering from diabetes mellius ot hyper
tension te., from conditons predisposing to toxemia The concept
on which 1t 15 based 15 not generally accepted and 1ts spplication 1
sull experimental (3) The revived use of Veratrum vinde in the
control of hypertension and encephalopathy of severe toxemua 18
guning adherents 1t probably should be considered an adjunct to
the modes of treatment previously outlmed and one oaly to be used
under carefully controlled condiuons

Two forms of treatment have sull only expenimental interest.
One based on the view that release of thromboplasun in degener
aung trophoblast underlies the lesion of toxemia consists 1 hepann
wzauon. The other based by the Smiths on the view that the wox¢
material released from the placenta s ahin to menstrual toxin con
ssts 1 injecton of a pseudoglobulin antagonsse. What appear 1o
be favorable results followed apphcauon of both procedures to
small groups of pauents In severe complicauons of toxemia
notably pulmonary edema and anuma alone or i combmation
Hingson and also Diechmann reported dramatic responses from
conunuous high caudal or spinal anesthesia,

Radcal treatment —In evety sevete case and 1 those muld
cases which anse long before term  the advisabilicy of termindung
pregnancy preferably by nonoperause means must be consid
eted. The sigas which may demand 1t are listed 1n Table 14 and
the \ndications summarized 10 the follow g paragraphs Operation
duning eclampsia 15 contraindicated since 1t doubles mortality The

aum here 15 10 revert the starus 1a one of controlled pre-eclampsia
before interverung
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2 Gm ntramusculacly every fout or six hours) customanly given
1 the treatment of eclampsia 15 not sufficient o cause a fesponse
which persists for much more than an hour Aleernatively, the con
vulsion may be treated by slow intravenous njection of a batbiw
rate such as sodwm amytal® (71 g, 05 Gm) It s probable
that an adequate dose of magnesium sulfate which causes vasodila
faton as well as cerebral and neuromuscular depression 15 more
beneficial and less dangerous than sedation alone Combined treat
ment with magnesium sulfate and veratrum 1s guning support

The convulsions may be followed by a prolonged stupor ot by
pulmonary edema rght heart failure or a state of shoch with
hemoconcentration and anuria These complications sometimes 0C
cur withour convulsions The stuporous state may be tretted as 15
oliguria or 1nuria by the infusion of glucose 500~1000 cc of 20
per cent solution, given over one hour and repeated every s 10
eight hours Anuria may be considered relieved when the unne
volume reaches 30 cc per hour ‘The complications of pulmonay
edema and night heart failure are treated by prompt venesection
(300-500 cc of blood) or bloodless phlcbotomy (p 218) and
admunstration of 100 per cent concentration of onygen and rapid
digrealizauon by intravenous injection of digitoxn (p 216) The
state of shock 15 treated by the infusion of plasma or of concen
trated albumin at a rate regulated by chimical response and frequent
examination of the tespiratory and cardiac action During the 1
fusion the venous pressure should not be permutted to become
greatly elevated the lungs should show no mcrease 1 rales and
the heart should not speed 1ts rate

Three raodes of treatiment whose value 1s stll conjectural deserve
menuon (1) Admunistration of thyroid exeeact during pregnancy o
prevent toxemsa in women whose body build or other indications
suggest that toxemma m1y supervene has not yet been firmly estab
lished If as i theoty they might thyroid and iodine will retard
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vascular degeneration 1n the placenta their use might contnibute
to prevenuon of toxemu. (2) Also aumed at prevention is ad
mmsstranon of diethylsulbestrol (dose 15 05 mg X dhe weeh of
pregnancy at the ume of treatment uanl tmo weehs before rerm)
Thus method aumed at correction of hormonal unbalances 15 sug
gested for use 1n women suffenng from diabetes mellitus or hyper
tension 1¢., from condinions predisposing to toxemia The concept
on which 1t 15 based 1s not generally accepted and ws application s
sull experimental (3) The revived use of Veratrum vinde i the
control of hypertension and encephalopathy of severe toxemua is
gunng adherents It probably should be considered an adjuact ta
the modes of weatment previously outlined and one only to be used
under carefully controlled conditions

Two forms of teatment have swll only expertmental mterest.
One based on the view that release of thromboplasun in degener
aung trophoblast underlies the lesion of toxemua consists 1a hepann
waton. The other based by the Smuths on the view that the toxic
material released from the placenta 15 akin 10 menstrual toxin con
sists 10 anjecuon of a pseudoglobulin antagonist. What appear to
be favorable results followed application of both procedutes to
small groups of pauents In severe complications of toxemia
noubly pulmonary edema and anuria alone of 1n combination
Hingson and also Diechmana teported dramauc responses from
conunuous high caudal or spinal asesthesta.

Radscal treatment —In every severe case and 1 those mild
aases whuch arise long before term the advisability of tetminating
preguancy preferably by nonoperauve means must be consid
:}x‘ci The signs which may demand 1t ase Lsted 1n Table 14 and

¢ indications ed 10 the foll g he O

dunnf eclampsia s contraindicated since 1t doubles morml:ry The
aum hete 1s t revert the status to

one of controlled pre eclas
before mterseung ® e

B




12 ARTLRIAL HYPERTENSION

TABLE 14 —INDICATIONS FOR TERMINATION OF PREGNANCY
(DIECKRMANN)

A Systolic blood pressure 1s constantly 170 mm Hg or shoss 2
ersistent daitly increase

A Proteinunia always exceeds 5 Gm per 24 hours, or the qualta
rve test of the 24 hour unine 15 3 plus
Weight gain exceeds 100 Gm per day
Marked edema suddenly occurs
Cerebral visual or gastrotntestinal symptoms anse
Oliguria, anuria or hematuna occurs
Jaundice deselops
Blood nonprotetn nitrogen 3s 50 mg per cent or more
Pulse rate 1s 120 or more
Edema of the lungs or cyanos:s 1s present
Blood shows an increasing concentration as 1ndicated by an ab
ormally high or increasing hemoglobin content cell volume, serum
rotein concentration or SPCCIEC gfﬂ\l(y

The advisability of ter the pregnancy ts dependent on the

uration of the gestatron the severity of the symptoms and signs, and
he condition of the cervix.

t Gestation of twenty sx wecks or less should be termunated 1f more
han one of the above listed criteria (Table 14) ate present of of
here 1s no appreciable 1mprovement after seven days of adequate treat
nent
Gestatson of twenty seven 1o thirty one weeks should be treated
nedically until thirty tno weeks unless some B sigas develop or the
A signs persist despite treatment Of ncrease tn degree

Gestatson of thirty two to forsy wecks 1f B signs

hould be treated medically unul the cervix 1s ripe when 10
bor will be successful If the A signs increase 1 degeee or 1f any of
he B signs appear the pregnancy should be d esther by (1)
upture of the ‘membranes and/or tnsertion of a bag or (2) cesarean
ection 1f the cervix 1s uneffaced and closed

¢ Qur results sndscate that the careful medscal management of the
oxemic patsent +f begun early enongh will wsually prevent fursher
ncrease i ihe seversty of the symproms and ssgns untsl the ceriex 1
spe’ This means that labor can usually be successfully induced by rup

ure of the membranes

THEREEE >

are absent,
duction of
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has been

“The patent who does not tespood ta trexument, of
ug[ccw{,P‘s created by rupture of the mernbranes andjof e wseruon
of a bag 1f the cervical canal 1s less than 2 con Tong, or 1f these s a0
effacement and dilatation, by cesarean seenon under local anestheua.
NoTE— A ugns ae those ordinandy preseat in pre-cclampsia

B signs charactesize the iatensiicauion or comphcanion of the discase
process.

To Diechmanns 1nd for the of p
we belteve should be added the persistence under medical manage
ment of the signs of toxema modenately sevete or severe for
three or more weehs Cases of mild torema (blood pressute 150/90
or less trace to 14 prowinuna scane or teceding cdema) may
be carnied longes 1n the intetests of a viable chuld wathout as far
as has been shown injuting the mother The rccormendation for
interraption 1 prolonged resistant toxemua of more than average
seseaty 15 based oo the fact, first shown by Herrieh and Tillman
20d since widely confirmed that 1 20-30 per cenc of toxcmic
women normotensine before and duting the early months of preg
ndacy essential hypertension develops either soon ahier delnery
or after the lapse of months However evidence of Chesley Somers
and Vaon wdicates that the iadence of post toxemic hyperten
sion can be reduced 10 8 pes cent or Yess by treatment along lines
supgested hete Some obsenvers believe thar this assocaton 1 evs
dence of th. genenc sitmilacicy of toremia and by periension and that
pregaancy 1n such patens has merely made manifest a latent hy pet
tensive rraie That thus 15 prabably not the case 15 indicared by the
comparauvely low inadence of hypertensive disease 1 women
who have had adequate treatment of roxemya,

Consequently the presumpuion 15 that the renal vascular lesipns
of toxemia may lead to postpartum hypertension 1 pavients 1
post waemic hyperteasion can be related

to the duration of the process and the consequ
the lesion tather than to the sen, e evetsibilty of
erity of toxemu. Thus the preven
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uon of hypertension seems to depend on interruption of pregnancy
when toxerma 15 prolonged o¢ when 1t does not fully remit under
medical management

THE FETUS

The consideration of hypertension and toxemia and therr ad
muxture has thus far proceeded without reference to the fate of the
fetus It seems unlihely that the fetus 1s directly njured by the
pressor 1gents of hypertension or a toxin of toxemia Rather, the
prognosts depends on 1ts nutriron and thus on the ntegnty of the
placental arculaton The maternal placental vessels pass through
a life cycle from youth to sentlity during nine months Thus, 18
companson with vessels elsewhere they are excessively plastic 1n
the changes they undergo with the passage of ume While less
plastic arterioles elsewhere in the body can mamntain themselves 10
the face of hypertenston through many jears of slow degeneration,
placental vessels scem to be abnormally sensise to its effects Pos
sibly for this reason they tend to mature and obluterate at an abnot
mally raptd pace 1n patients with essenttal hypertenston It 1s prob
ably wn this mnner that hypertension predisposes to toxemid nd
that toxemi1 ntensifics placental mjury and that alone or com
bined they cause ncreased fetal loss The fetal njury s reflected 1
1 sum of aboruons prematre births sullbirchs 1nd nconat!
deaths which average 35 per cent and reach more than 50 per cent
1n severe essential hypereenston and about 7 per cent i mild c1scs
Thus the prognosis for the fetus of the hypertensive pauent 8
much more serious than that for the would be parent who ualess
severe toxemu1 1s superimposed and allowed to run ws course
emerges unscathed

PrOGNOSIS

“The combuned rishs to mother and fetus of hypertension and
toxemta demand that the desirabiliey advantiges and nshs of preg
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aancy be casefully evaluated in the hypettensive pauent.

The purpose of pregnancy 15 the buth of a healthy chuld who
may be brought up to marunty by the parent. The primary end
buth ssedf may be frustrated by the presence of hypertension
fursher the mother may not be physically able 0 parucipate 1n
the child s upbtinging The effects of such failure in pregnancy and
upbnnging should be carefully considered in advising pregaancy

Three types of pauents require progRosuc consideranon before
or early 10 pregnancy These are (1) those who have had roxemia
but show 1o residue of cardiovascular disease (2) those who have

essential hyp and (3) those with post
toxemic hypertension The guiding considetauons for prognosis ate
(1) that toxemia occurs 1n 6-9 per cent of all pregnancies and
{2) that fetal mortaluty averages about 10 per cent and maternal
mortality 1 per cent 10 toxemia

The ptoblem of the normotcnsive post TOXemIC pauent 15 an
swered by the fact that a former toxemia approxumately doubles
the probability of toxemua 1n a subsequent pregnancy bringing the
waidence t0 20 per ceat. Furcher the recurrence of tosemia in
creases the probabihiey of p postp hyp There
fore pregnancies subsequent to one comphicated by toremia caery
an increased risk of which the patent should be made aware The
uish 15 not great I is probably greater i fanubies whose hustory
suggests a predisposiuon to hypercension. It 1s suffcient £1s\ 1o 7o
quire antepartum care under better than average conditions

The pauent with prepregnant essential hypertension has as we
hu::he noted a 50-70 per cent chance of passing thmugh pregnancy

armed The probabihity 1s greater when the hypertension 1s muld
?n]nd previous pregnancies have not been complicated by toremn

e inadence of toxemia mild or severe 1n the average hyperten
stve woman 15 about 30 per cent, The probabibity of fetal loss vanes
fer;:x;ln;oio Tﬂ ;cn;. depending on the seventy of the artersal dis-

e level of blood pressure Further i by premature de
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Iivery, deliberate or not a hving cluld s obtamcd, the chuld 1
often smill, and 1t should be remembered that those who weh
Iess than 2 kg have less than an even chance of sununval The pa
tent with muld hypertension who 1s young, has passed through
pregnancy without toxemsa and whose vessels and heart are well
adjusted to the presence of hypertcnsion has lutle more than 2
normal personal rish 1 pregnancy, although more than the normal
chance of disappomntment 1n 1ts result In patients with moderate of
severe hypertension 1nd evidences of sclerosss the condition will be
aggravaid by pregnancy and 1 10 per cent life will be jeopat
dized Such pattents have less than an even chance of gving birth
10 a healthy or even a viable chuld It 1s unlikely thae they will be
physically able to cre for the offspring through cluldhood Thus,
with mild hypertension pregnancy need not be discouriged with
severe hypertension 1t 1s contrundicated

In 1 few patents a favorable response to sympathecromy has
been shown to permut them to go through normal pregaancies But
1 severe essential hypertension the game 1s not worth the candle
Especially when symptoms of tosemua appear eatly 1n pregning,
the presumption 1s that the fetus 1s lost 1n any case and therapeutt¢
abortion 1s indicated
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SECTION YV

14 Specml Forms Of Me(llcal

Treatment

No ONE WHO has watched the course of medical treatment in
hypertension over years can fail to be mpressed by the dnergencies
of clams and results as remedy after remedy has s brief course
on the stage As a result some worhers have become therapeutic
nihibists while others have remamed enthusists who jon each
new battalion of the credulous and hopeful There 15 of course, 3
mean

Analysis shows that the uncertainues of the field are due t0 2
variety of factors The first and greatest 15 that the etiology and
mechanism of essential hypertension remain unknown Opposed
to ths are the night the patient feels he has to have something
done for hum and the duty the physician feels to fulfil this demand
One important vartable 1s the patencs state of mind the effect on
1t of the simple patient physician relationship wath or without 2
pink pill and the effcet of external crcumstances As Ayman has
ponted out symptoms In MmOst cases of early hypertenston ate not
due to hypertension but like the hypertension are evidences of
disturbed psychic and vasomotor funcuon Therr temporary relief
by smple and nonspecific means 1s therefore almost assured This
fact with factors not yet measurable make the course of the dis
ease somettmes even when 1t 15 W ell established unpredictable to 2

318
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egree But unul more \nformation comes from rescarch liele can
 done to change thus siuation

What can be corrected 15 the tendency of some physicians ©
aew all hypertension as 2 single and insoluble problem so that
they neglect the safeguards and advantages of caceful duagnosis and
exaluation. Another 2 related ersor 15 the trust 1 some smple
mageal cure sufficient 1 seself which will dispense with the need
for effort 1 domng the things that are 3¢ hand to be done and that
are effectune

For all these reasons treatment 1 hypertension 1 controversial
As each new remedy appears tempers Iise and recede as 1t 15 put 10
us proper niche 1f 1ndeed 1t has one From each of these eptsodes
‘e careful observer learns a good deal because each focuses atten
non on some particular aspect of the mosaic of hypertensiie dis
ease In all this Sturm und Drang 115 occasionally wise to say very
quetly And forgive us our trespasses even as We forgne those
who trespass against us

1 THIOCYANATE

Evaluauoa of thiocyanate lihe most drugs used 1 hypertension

has tequired years and 18 not yet fully agreed on Unlke many

drugs which have been used and dropped thiocyanate has ecently

teturned to favor which now seems again to be ebbing It was first

ded as a hyp agent 1 hyp by Pauli n
1903 Some enthusiasts more or less uncaucally prassed s effects
but s use was desultory n 1928 the feeling and evidence 1n 1t

favor were inadequate to fesist the report of two deaths attributed
o 115 admunustration

Nor 15 thete adequate hnowledge of us pharmacologic acuor
Thuocyanate 1§ thought by some to have 2 shight depressant ncu‘L
on the central nervous system Thus accords with our expenenc :“
needs quanutatinve verficavon Jrs classic toxic ncuonP:m H oot
muscle is one of relaxation so 1t 15 claimed to act as an an:?:l::
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vasodilator, but that 1t acts 1n this way m nontoxic concentrations
15 not established Also 1t 15 believed to act 1n hypertension by re
ducing the basal metabolic rate, this indeed 15 one of 1ts toxic side
effects but 1s not established as a basis of 1ts therapeuuc effect. Re
cently 1t has been shown to depress cardiac output, and this may
account for part of 1ts hypotensive cffect

No penetraung consideration was given its use untl 1936 when
the late M H Barher showed that the serum thiocyanate level could
be used to determune the level of desiable dosage and to offset the
danger of overdosage Stnce then 1t has been more wdely used than
ever before Most competent observers believe that it has valug,
although others oppose 1ts use as dangerous or believe 1t has no
more value than any placebo To this day many physicians use thie
cyanate without proper regard for the safeguards of observation and
repeated measurement of blood thiocyanate which must surround
1ts admunsstration The rechless use of thiocyanate 1s one factor that
1s agan bringing it mnto disrepute

Admmssiratson —Barher suggested that the drug be gnen 18
small slow increments feeling the way until a muximal therapeutic
response 15 observed Expetience has taught tha the therapeut©
level for most patients lies between 6 and 12 mg of thiocyanate pet
100 cc of serum The level 15 lower n some patients in whom 3
level of 4 mg per 100 cc may be quute as effective and much more
tolerable than a higher concentration Symptoms and signs of
toxtcity usually appear when the level passes 15 mg per 100 ¢
and whereas they may not appear at thus level 1t 1s certamly unde
sirable to exceed 1t

There are many ways of starung admunstraon of the drug
One 15 to give 02-03 Gm (3-5 gr ) n two daily doses and after
a weeh to find the serum thiocyanate concentration and adjust the
dosage as dicated In this method 1s n any other cach pauent
offers an indivadual problem whose chinical response 15 carefully
evaluated during frequent determmauons of serum thiocyanate
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level. These determmnations e repeated wechly unul 2 sausfactory
level 15 sccured, then sepea ed at @0 weehs at four weehs and at
Jeaut, at six weeh intenals thereafter The usual mamtenance dosc
vanes from thiee 1 21 doses o 03 Gm (5 g¢) each weeh. The
plasma level once appatently setin d pauent, may change without
explanation. Thus there 35 10 sex Jewel of dosage. The form 1
shich the drog 18 Fven 1S UMmMPpOtant cuher the sodsm or the
snore custommary porassium salt may e used. The sale may be gen
1n flavored agueous solution of M wbles eatenc-coated of AOL
Whatenes the form used 5t had best be adhered © A change from

aqueous solution 1O entunc<coated wbles may demand a consder

sble increase of dosage for some of these may pass through the
gastrowntestinal wact uadissolved.

The chemucal determmavion of serum duocyanMe 55 eastly

wifun the range of competence of any hospital clynical laboratory
and of many office laboratonies Methods which unnecessanly ss¢
nfice accuracy for sunphiaty should not be used

1n summary (1) there 5 vo set dosage of thioyanate either
from patent to pauent of 1 the same patient under different con
ditons for 1ts excreuon 15 widely vanable {2) therefore the
use of thiocyanate should ot be atempted unless the physician can
rmessure the concentration of the drug m the Blood at swable sn
tetvals 20d wath reasonable (510 per cent) accuracy

Selection of pattent —Some chnicians beheve that a wal with
tnocyanate 5 yusufiable 10 21l panents who do not exhibie speatfic
contramndications Others would Lumit 165 use to the early stages of
th; disease: whe:h:fr of not there are annoying symptoms We and
oth 15 use w only for sympromanc rehe
have not beea (\ley eﬂicu‘ie chel and when other messuies

The contrandications 10 its use ate more

generally agreed
Panents over age 60 and pauents of any age with smy:xcg te!el;:l
or gencralized asteniosclerosis do not tespond well bur wsualls
become dull and confused. Some of them become depressed an?i



322 ARTERIAL HYPLRTENSION

hallucinated Severe depression of cardiac and/or tenal funcuon ae
also contraindications Nesther the malignant syndrome nor hypet
tension of toxemic pregnancy 15 benefited by its use Angina pec
tor1s 1s usually considered another contraindication, stnce thiocyanate
sometimes increases the frequency of angmal ateacks Sull, 1 occa
sional pauents the cardiac pan seems to be lcssened by thiocyanate
Most, 1f not all, such patients are those whose pam 15 precordil
vague irregularly recurcent and not true angina pectons Theit re
lief from thiocyanate may reflect a sedative effect 1n cardiac oeu
rosts

With these contramdications and the possibihues of mtoxica
tion sn mund, i 15 apparent that thiocyanate should not be used
mdiscrimmately Further many pauents with munmal sympoms
and moderate levels of arterial hypertenston carry on more safis
factonly under carefully applied gencral measures of treatment
than they do with a drug on which they tend too much to tely

Therc remamn two large groups 1 which thiocyanate seems ©
be of definite benefit The first includes patcnts with severe fead
ache who are so harassed by pan that a vicous arcle of anxiety
and tension 1s created For these thiocyanate 15 often a sovereigh
remedy A subgroup is made up of those who complan of unnitus
or dizziness these also may be greatly benefited The second proup
includes patients whose drastolic pressure 1s high (roughly 115 mm
Hg or more) and who do not show advanced retinal arteriosclero-
s1s In such patents repeated examinations at inzervals of s months
may begin to show the onset of failure of vascular adaptatiof
mamfested 1n 1ncrersing cardiac size ot symptoms loss of renal con
centraung ability mcreising reunal arterolar sclerosis or a ten
ency to increase i dstolic and systolic pressures The admunustra
tion of thiocyanate to such patients may lead to deceleration of the
apparent progress of the discase Thiocyanate may also be used for
migraine not due to hypertension Since 1t also scems tO have 3
sedauve cffect 1ts greatcst value may be i forms of the disease 1
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which psychogenic and neurogemic factors are of major smpottance

Reslis—One of the most dramauc and sausfying effeces s
e relief of headache and tus alone may pusufy 1ts use Reduc
ton of blood peessure and the relief of exeruonal dyspnea are much
fess common.

The long term results are not easily cvaluated In theory re
ducuon of arrenal pressute might prolong hie by slowing the de
velopment of arteniolar sclerosis Originally the drug was tended
10 prevent sclerosis by acung directly on the vessels. Ths effect 15
not confirmed although there 15 evidence that thiocyanate retards
lipid dep 10 exp 1 chol 1 atheroscletosis Roughly
a thurd of sweably selected patients show a fall of pressure of from
20 10 40 mm. Hg systohc and from 10 0 15 mm dustolic durng
the first weehs of at therap serum ¢ 1t
the pressure does not fall and 1f no other clinical bencfit 15 obsered
after a trual of six to erghe weeks with blood concentrauon up to
12 mg per 100 cc thiocyanate should be disconunued s use
may again be attempted when the disease enters some other phase
or when an indication for 1ts use such as headache appears Barher
and Davis made the wteresung observaton that paneats who do
not respond to the drug before sympathectomy may respond after

the operaton Others suggest that it adds to the efficacy of low
sodwum diets

A ypical example of the use of thiocyanate 1n 100 pauents
whose hypertension ranged from mild 1o very severe may aid the
teadet 10 evaluaung the drug, Nearly all had been observed for
some months and treated by other means Some sympromane re
hief principally of headache was noted 1n 66 subjects and 1n 31 of
these it was almost complete Oaly one quarter of the pauents /
showed sustaned lowening of artenal pressure {mean 26 mm H
syseolic and 19 mm diastohic) A significant number commen ef;‘l
on the relief of msomnia and on release of emotional tension N d’
wstability Within 48 bours of admenseracion early signs of toxn:cl:y
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may develop Thus, 24 patcnts complaned of asthenta Nausex
vomuting and diarrhea were less common But reassurance, symp-
tomauc treatment and further slow ncrease 1n thiocyanate dosige
permutted sts continued use 1n 12 of these pauents The other 12 e
mained intolerant These tonic signs were never cause for serous
concern

At intervals which varied from two to 54 months after begin
fung teeatment 15 patents developed delayed toaic manfestations.
Eleven complatned of dermatius or purpura and two showed sigos
of hypothyrowdism with myxedema and thyroid enlatgement

Symptoms and signs of totcity —The less serious SIgns and
symptoms of toxicity which may appear at commonly tolesated
blood levels ate those which appear at the outset of treatment Dur
ing the fisst few weehs, patients often notice weahness and faugabd
1ty and sometimes decreased hibido Indeed, these are so common
that they can hardly be considered manifestations of toxaity They
often pass off after a fcw weeks despite continued adminustrauon of
the drug The lassitude may help the patient to reduce the pace of
his daly Ife Occasionally nausea, vomiting and diarrhea are s0
severe that the drug must be discontinued The delayed cvadences
of toxicity are more serious Some are probably due to sensiuzation

Erythematous dermantis, with or without prunitus 1s scen from
tune t0 ume Ths clears up raptdly on withdrawal of the drug asd
does not necessarly reappear when 1t 15 given agam Maculopapulat
eruptions are also common They too disappear on drug wathdranal
Occasionally solitary papules appear on mucous surfaces Severe
purpura 1s less common than dermatiis although usually present 12
muld degree 1n the other eruptions

Ovetrdosage so that the serum content rises to tonic levels
duces nausea vomuting and severe anorexta These are harbingers of
impending 1ntoxication  As the blood levels of thiocyanate fise
serious complications appear Especially 1o older persons slurring
of speech may be the first symptom often followed by the appear
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ance of an unsteady gait. Disortentauon and halluainauons may
occur It 1s mpottant ta differentiate dus condiuon from hyperien
sne encephalopathy The end stage 1s coma sometmes with a hem
orthage daathests which affects the central nervous sysiem diffusely
Exfolame dermatus 15 by far the most serious curancous matufes
tauon of toxaity Alopeasa 15 not common Baasse pawnful forms
of penphetal neurius are occastonally caused by thiocyanate Osteo-
porosss wich local joint pains and swelling sumilar to those of tau
matic osteoporosss has been reported 1n 2 per cent of pauents gven
thiocysnate over long periods [t 15 suggested that those takling the
drug be encouraged to maintun a high calaum intale

There have been 1solated reports of cerebral thrombosis thoughe
10 be refated either to thiocyanate toxicity of o the fall i blood
pressure eherted Neither seems a very good explanauon for a
pheaomenca so commaa among by pestenstses

Since thiocyanate causes gorter when fed to ammals 1t 15 pot
susprising that it should do so 1o pauents Several instances have
been reporred and o wese observed in our series of 100 pa
tients The gorter 15 assocated wath hypothyroidism and somepmes
with clinical myxedema In thus condiwon blood 1odine values are
low and there 1s mcreased uniary excreuon of thyrotrophic hor
mone 10 the macusared form. Thiocyanate goiter 1 relieved by ad
musstration of thyrosd substance (01and02Gm 1% and 3 gr )
on alternate days even though thiocyanate 1§ conunued for the
treatment of hypertension Thyrod substance by passes the block
to the formation of thyroid hormone by the thytoid. Since 1odine
deficiency predisposes to thiocyanate gower small doses of 1odide
may be gnven dunng treatment with duocyanate

We teiterate that signs of severe toxcty are
15 taken 10 heep the thiocyanate blood C\m!Z\t bd::[;]f:t;}:rl::
Occasional panents probably have an sdhosyactasy w0 the dru
Just as St almost al) therap b o 1 3
need not be exaggerated Since the body content of the dm‘g 1s dl:
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may develop Thus, 24 paucnts complained of asthenia Nausea
vomuting and diarthea were less common But reassurance, symp-
tomatic treatment and further slow ncrease n thiocyanate dosige
permitted 1ts continued use 1n 12 of these patents The other 121
mained ntolerant These toxtc signs were never cause for serious
concern

At 1ntervals which varied from two to 54 months after begn
ning treatment, 15 patients developed delayed toxic manfestations.
Eleven complained of dermatitss ot purputa, and two showed signs
of hypothyroidism with myxedema and thyroid enlargement

Symptoms and signs of toascty —The less serious signs and
symptoms of toxicity which may appear at commonly tolerated
blood levels ate those which appear at the outset of treatment. Dur
ing the first few weeks, patients often notice weahness and faugabil
1ty and someumes decreased libido Indeed these are so common
that they can hardly be considered manifestations of toxiciry They
often pass off after a few weeks despite continued admunsstration of
the drug The lassitude may help the patient to reduce the pace of
his daily hfe Occasionally nausea vomiting and diarthea are 0
severe that the drug must be discontinued The delayed evidences
of toxicity are more serious Some are probably due to sensization

Erythematous dermatitis with or without pruritus s seen from
tme o ime This clears up rapidly on withdrawal of the drug and
does not necessanily reappear when it 1s given again Maculopapulat
eruptions are also common They too disappear on drug withdrawal
Occastonally solitary papules appear on mucous surfaces Severe
purpura 1s less common than dermautts although usually present 10
mild degree in the other eruptions

Overdosage so that the serum content nises to toxic levels, 10
duces nausea, vomuting and severe anorexta These are harbingess of
mmpending 1ntoxication As the blood levels of thiocyanate rise
serious complications appear Especially in older persons slurring
of speech may be the first symptom often followed by the appear
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biood vessels as observed 1n the eyegrounds Renal funcuon 1n most
cases has showa at Jeast temporary imptovement. Looking back on
the expertence of several years mostly in the weatment of rapidly
advanang or very advanced mal hyp 1t 15 app
(1) that a few pauents have shown lasung remussions (2) that
pearly all but those 1 renal fatlure showed temporaty remussions
and (3) thar the durauon and adequacy of remission vary roughly
with the level of renal funcuon as measured by secretory capacty
The chnical are therefore being ¢ d

There 1 sull great uacertainty regarding the best method of
prepanng the extraces. The search 1s long and slow as there 15 no
biochemucal method of assaying extracts and no chemical hnowi
edge of the active principle to guide 1 thest separation Whle these
fimitatons prevail the use of hadney extracts 15 only expenimental

The occuttence of teactions to their injection comphicates the
fesults A cunious thing about these reacuons 1s their unpredictabul
iy Weehs or months may go by without one then suddenly onc
occurs There may be a series of them followed by a petiod of com-
plete freedom

The reacuons are usually charactenzed by a profound fall 1n
artenal pressure which may persist for minutes to hours and be asso-
azted with pans 1 the muscles of the back and chest, Alarming
as they are no serous sequelae have been observed of the many
we have scen We are sull unable o deade how much influence
they have on the therapeunc effects of the extract. Reacuons of thus
sort do not occur in dogs of rats hence, studies 1n these anumals
do not ard 1n the analysis of the problem Despute this lack of reac

uons blood pressure may be reduced 1n them from hypertensne
to normal levels

There 15 also some tefauon between local reactions to the ex
wract and the fail in blood pressuce, but agam 1t 15 not direct and
mnanable Severe local reactions may occur with or without fa1]
attenal pressure "
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solved 1n the extracellular flurd, dehydrauon, as from vommng se
vere diresis or impending, uremia, will cause the concentration t
fise, someumes to tosc levels A review of the evidence fails to
reveal any death or serious mjury 1n patients who were under ade
quite supervision and whose blood levels were controlled at appro-
priate intervals

Treatment of mtonication —On the first sign of severe ntou
cation, the drug should be discontinued Excrenon may be hastened
by admnsstration of large amounts of water by mouth and hyper
tonic sale by vein The reasons for intonscation should be myvest
gated Renal fuluzc or severe sensitvity contramndicate readminis
tration

II KIDNEY EXTRACT

Trom knowledge of the physiology and biochemustry of the
kidneys there are reasons for believing, that they contain a sub
stance or substances which inhibit the action of certain peessor sub-
stances (p 256) Attempts have been made to separate such an
mhibror which might have therapeutic value Put briefly, the
following results hive been obtained

Protein contaiung extracts of hog, beef and sheep hidneys have
been prepared which lower artersal pressure 1n cxpcnmcmally
hypertensive rats and dogs Especially m dogs wath renal hypes
tension 10 the malignane phase the therapeutic acuon of these ¢
tracts 15 demonstrated by the disappearance of hemorthage both
ocular ind gastromtestinal Tlus much now 15 cstablished and the
results have been confirmed by a number of nvestgators

In pauents the results have been erratic 1nd complicated by
foreign protcin reactions which tend to obscure any possible spe
afic effeces of the extracts Some types of exeraces lower bleod pres
sure and associated therewith hemorrhages and papilledema may
disappear 1f they were mitrally present Indecd one of the most
strhing effects of various extracts 1s their sceming acuon on the
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eral renal funcion $as inprored, although some paieats showed
a decrease 10 glomeralat filtravon fate pasuculasly poticeable was
mprovement 10 concentrating poner Remissiaas persisted for an
average of 24 months and extend 10 50 months

The other 19 pauents responded simslasly but the responscs
were quanntatsely weaher and poorly sustamned so that most of
them have died, some of them during treatment. The most definute

FiG. 15 —Eyegrounds of patens w th mali
gaand byperension A befo
B thtee months after teatment with pyrogea 1mprovement 13 chvicss. e ad

difference berween the groups was the leel of Tmran Thus func
tton averaged 62 mg per munute per 17359 m {range 48-109)
1n the 16 who responded well and only 26 mg (range 12-40) in
those showing poor responses In contrast, arteral pressure rean
opathy and the degree of casdiac disability gave no clue to the
come of treatment. It would seem that the capacity to respond ou:l
to pyrogen 1s determmined by the extent to which anencl::'oscl b
has advanced 1n the hidneys We do not believe that this r 1“05‘5
ship 1s evidence of a specific cotrelation berween renal c:c::tz:y
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Clearly, 1t would be premature to attempt 1o form any consid
ered judgment about these extracts They are nerther to be touted
as established therapeutic agents nor to be condemned as fadures.
Empuically their use to control malignant hypertension may be
jusufied, scentifically the effort o elucdate the mechansm of
thesr activiry should be conunued

I PYROGEN

In normal subjects the delayed response to pyrogeas aftee the
chull 15 a v sdespread vasodilacon especially evident wmn the tendl
vascular bed Thus, we and others have demonstraced constseent 1
creases m renal blood flow even to 100 per cent, 1n the 24 o 56
hours after a pyrogemc seacuon to the most varied matersals and
thus 1n normal and hypestensne human beings and dogs While, i
hypertension reduction of blood pressure 15 most obvious duning
the early hours of the vasodilation (e g four hours after the chll)
some decrease commonly persists for 24 or 48 hours The frequeacy
of such reacuons i patients given hidney exesace led us with Taglor
1o study the effects on malignant hypestension of pyrogenic agents
which could hardly of themselves be specifically refated 1o hypes
wensive pressor mechantsms

A summary of observations was presented at the 1948 meeung
of the Central Society for Clinical Research Briefly 15 patients
with malignant hypertension were trcated, most of them with
water soluble pyrogen of bacterial ongin (pyromen ® Baxter Lab
oratorses Inc ) In 16 pauents i whom the response was good,
the average control diastolic pressure of 126 mm Hg was ¢
duced to 100 mm Hg 1 five to 19 weeks Papilledema receded 12
ali bur two Retnal hemorrhages regressed m 14, as did the fresh
reunal exudates In five congestve heare faslure unresponsive ©
ordinary management was relieved Improvements in electrocardio-
grams and decreascs 1 heart size (average control - 18 per cent
enlargement average during weatment + 5) were noted fn gen

1
s
i
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Iv RUTIN

In 1936 Szent Gyorgyt proposed the name viamun P for a sub-
stance or group of substances present papriha and lemon peel
teliered to restore increased capdlary permeability o normal This
was the beginnung of interest 10 substances of the general nature
of flavone glucosides now widely used chnically 1n all manner of
duseases.

The true value of vitanua P like flavones has never becn accu
cately derermuned  principally because increased capillary perme
abiliy has no cleancut clinical equwafent. The terms capillary
permesbility resistance and fragiliy have been naher accuratelv
defined nor measured although they are used confidently by many
chscans For thus season much dhac has been waten and dus
applies chichly o the unrestramned literacure of the drug houses can
be accepted only with large resetvauons

Je1s sl uncertan precisely what substances were tesponsible
for the vuamin P acuvity of lemon peel of citzin but most evs
dence suggests it to be hesperidin chalcone Both the chnical and
Iaboratory reports on viamuo P have been unsaustyiag and con
tadictory 50 that after 12 years litle can be said with confidence
s 1o 1s clineal apphcation

The structural similanty of hespendin and ua led Couch
10 suggest that the latter might be a better source of vitamin P
actaty than paprika or lemon nind. Rutin 1s 3 flavone glucoside
now obtuned chiefly from buchwhear It 1 almost moncoxic and
does not accumulate 1n the body

Gnffith and Tundauer were the first 0 use rung extensnely and
fhave had far greater experence wah 1t than most mvesugators
Amimal experiments suggest that raun opposes abnormal increases

in capllary permeability following histamune and the increased
fragtliey following irradiauon although even tus has been conteor
verted
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capacity and malignant hypertension Rather, we would consider
the nformation given by measuremcnt of Tmpaw an mdication of
the extent of irreparable vasculir damage

The treatment requires hospitalizanon The least dose of pyro-
gen 15 given antravenously which will elicic 1 daly fever of 101-
102 F Tolerance may develop as treatment conunues It 15 met by
carefully graded increments 1n dosage Encessive tolerance may fe
quire interruption of treatment for thre to five days Trearment
1s continued for weehs or months unal a maxumal response has been
obtained The response to cessauon of the njections 15 then ob-
served and recurrence of evidences of severe hypertension requires
repetiion and prolongation of treatment

Time expense, the ngorous nature of the treatment and the
possibility of a good outcome must all be evaluated before this re
gume 1s undertahen The need for controlled observauon 1 a hos
putal for minimal periods of two to six weeks 1s evident The whole
must be balinced against the fatal 1ssue of uncontrolled malignant
hypertension Some of the discomfort incident to treatment can be
controlled by use of aminopyrine or aspirin The rentl hemody
namic response to pyrogen 1s not dependent on fever as such Hos
ever constant use of antipyretics obliterates the fever cune which
1s one of the most satsfactory indices of the adequacy of dosage
Once a remussion has been secured and the rapid progress of hyper
tension temporanly arrested further treatment by deet or by sym
pathectomy should be considered

The full mechanism of the response of hypertension to pyfo-
gens 15 obscure It probably involves not only the immediate hemo-
dynamic responses but profound changes i adrenal coracal func
tion plasma and tissue enzyme systems and the whole body metab
olism The nature of the response 1s under study Unal 1t 15 under
stood pyrogen treatment 15 one of the empiric and 1f you Like
nonspectfic bue effectrve and hfesaving means of controlling by

pertensive disease
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IV RUTIN

1n 1956 Szent-Gyorgy1 proposed the name siamm P for a sub-
sunce of group of substances preseat 1 papuha and lemon peel
believed to gestore increased capillary permeability 10 normal This
was the begmming of meerest 1 substances of the general pature
of favone gucosides now wadely used climcally 1n all manner of
diseases

The true value of viamin P like flavones has neves been accu
naely determuned, principally because increased capillary perme
abiity has to dleancut chmcal equivalent. The teems capillary
permeabiliny resistance and fragiliry have been nenther accurately
defined nor measured, although they ate used confidently by many
chinucans For this reason much that has been woitten and dus
apphies chiefly to the unrestrained literatuse of the drug houses can
be accepted only with lacge reservanions

Tt 15 sull uncertain precisely what substances were responsible
for the viamun P actvity of lemon peel of aurn but most evi
dence suggests 1t 10 be hespendin chalcone Both the clinical and
laboratory reports on viamun P have been unsausfying and con
tradictory o that after 12 years hiale can be said with confidence
a5 0 1ts cluwcal application

The suuctural sumlanty of hespendin and ruun led Couch
10 suggest thar the latter might be a better source of vitamin P
acuviy than papriha or lemon nnd. Ruun 15 3 flavone glucoside
now cbiained chuefly from buckwhear. It 15 almost nontoxic and
does not accumulate 1n the body
hawfnhf:;hf::d Lindauer were the first to use ruun extensnvely and

greater experence with 1t than mOST Investigators
Animal expenments suggest that rutin Opposes abnormal 1ncreases
‘f“ Gpillary permeabiliry following tustamune and the increased
‘f:f:;‘ty following wradiauon although even this has been contro-
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Capillary fragility 1s usually measured by the Gothlin method
which consists of a count of the petechiae appeaning i the ante
cubital space of each forearm 1n a aircle 6 cm 10 diameter after a
cuff pressure of 35 mm Hg 1s applied to the upper arms for 15
minutes Capillary permenbility 1s measured by Guffith by the
patent blue method of McMaster When the dye 15 injected tnuracu
taneously 1t 1s absorbed through the lymphatics which mahes them
wistble Lymphauc flow 1s increased by anything wlich mcreases
passage of flurd through capillary walls

Gnffith found that 19 per cent of 1,600 hyperensie subjects
had increased capillary fragility and an additronal 11 per cent had
increased capillary permeability The only difference between these
and hypertensives showing normal capiilary response was that, 10
a 16 month period of study 10 per cent of the group showing
capillary disturbance had apoplexy and only 19 per cent of the
controls This observatton has much tnterest but the exceptionally
high apoplexy rate suggests the need for further studies

One of the chief uses for rutn has come from tius suggestion
that capillary fragility and the occurrence of stroke parallel one
another This correlation 1s uneapected for while pathologists do
not agree as to whether strokes are artersal or venous n ofigin
least the capullaries have not been considered seriously i the gene
st of hemorrhage Here 1s a problem which needs a defimuve a0
swer If captllary fragthty does 1 fact reflece likelthood of cerebral
hemorthage an observauion of major importance has been made
In the normotensive patient there scems to be no such relationship

Reunal hemorrhage seems also to parallel capillary fragiiy
according to Grffith Nine per cent of hypertensive pauents with
faults of the capillary wall had such hemorrhages wiule only 2
per cent showed capillary defects 1n their absence Grouping all
patents with reunal hemorrhage without regard to cause 73 per
cent had faulty capillary walls Rodriguez and Root noted increased
fragility m 40 per cent of unselected drabetics but in pracucally all
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with disbenc retnopathy whether or not hypertension Was present
Obrersely hypertension and tnereased capillary fragility can exist
wachout rennal damage Thus 1 diabencs increased capitlacy fragit
1y 18 tahen as an early sign of vascular disease closely correlated
with the des elopment of retnopathy and possibly later with nephro-
sclerosts Rutin admupustered 1n doses of 20-60 mg three umes a
day 10 70 patents with diabetic reunopathy brought fragtlty 10
normal Despute this no tmprovement occusred i the €5 egrounds

It 1s not necessary to detail the negawve evidence Suffice 1t 1o
say that Schweppe Lindberg and Barher found no increase 1o fra
gty after thiocyanate therapy Our expenience wndicates that, 1n
controlled chservations routine medical care restores Gapillary fra
gility aud probably prevents as many scrokes as dhe same cace sup-
pl d with uua H h petectual and othernise may
occur i patients with normal capilary fragity  thus casting
some doubt on the petechual sndex measurement as a reflection of
bleeding tendency Ruun 1n high doses does not decrease the perme
absliry of the gl lar capil) Iy induced i rats by
administranon of bovine albumin

Reluctantly then we are forced on the evidence avaslable 1o
conclude that the value of rutin in the treatment of hypertensiyes
s sull i the expernmental stage and that 15 sale and promotion
for this purpose 1s premature

V VITAMIN A

The admistrauon of large doses (100000 units or mote
dady) of preparauons coneaitung tstamun A has been clumed o
be foltowed by a reducuon of artersal pressure and the relief of
some of the symptoms of hypertension With Taylor we have not
confirmed ¢his obsenvanon 1 g group of patienss whose previous
fesponse to symptomauc tedtment was well established How ever

certan of the patents thus treated showed ncreased cenal Moord
flow filtranon rate and rubylar secretory eapacuty Thas renal acrion
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of the vitamin or of some substance assoctated with 1t was confirmed
by Bing 1n observations on normal dogs Our data indicate that the
effect 1s not due to the vitamn as such, nor to tocopherol, but ©
some other unstable component of the fish ol concentrates

Thus 1t does not scem that vitamin A has a place in the treat
ment of hypertension except possibly 1n patents who exhubic a
disproportionate degree of renal njury Turther study 15 equired
before any recommendation can justly be made

VI VITAMIN £

Vitamin E activity associated with natural tocopherols has an
accepted scientific status i animal nutrition It 1s possible that vita
min E deficiencies may occur in people recerving what appeat ©
be adequate diets and that the symptoms of the relief and the evt
dences of its relief will appear very slowly But what the cvidences
of human deficiency are has not been established

Vitamin E has been advocated legely 1n Ontanio for the reltef
of a vanety of vascular diseases The evidence 1s profuse and utterly
uncontrolled Such competent clinical expenence as there 15 1ndi
cates that the claims are not jusufied Our impression 1s that viamin
E has no place 1n the treatment of vascular disease 1n hypertension
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15 Sympat}lectomy n Hypertensxon

SINCE THE tntroducton of this surgical treatment for hypertension
opinion has varied widely both as to the nature of s action and
as to 1ts effectiveness I'tom these controversies much mformation
has been gaimed, not only about the operation and 1ts effects but
indirectly about the natural hustory of the disease Unformnately,
the mechanism by which these dencrvations nfluence the course
of hypertension 1s not worhed out

Several 1solated observations on splanchnicectomy had been
made in France and Iraly before its extensive use mn this country
but these preliminary observatons carried no serous conviction It
was not until Adson and Peet went enthustastically to worh that
interest was aroused and careful nvestigation begun Shortly after
Adson and Brown s announcement of the successful outcome of an
anterior nerve root resecuon for hypertenston Page and Heuer also
undertook a study of the effects of this operation and of supradia
phragmatic splanchnicectomy as performed by Peet About the same
ume Smuthwich began a careful study to determine the extent of
denervauion necessary to obtan adequate chinical results In these
early days feelings ran high as to the place these operations might
have n the treatment of hypertension Their casy acceptance of
today was bought dearly 15 years ago

Some have raised the question of the spectficity of sympathec
tomies 1n the treatment of hypertension mamntaimng that any ma
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Jor surgical proceduce or trauma, sncluding such operations as cho-
leystectomy can do as much to decrease blood pressute as opera
tions on the sympathetc nerous system. The question 1s stll ot
fully settled since there 15 an unqy bl ch
anpressor effec of triuma But the weight of evidence 15 much
w favor of the speaific effect of sympathectomy One of the most
satsfactory proofs 15 the fact that n two-stage operations the course
of hypertension 1s pot greatly altered by the first stage and changes
significantly only after the second operation when denenauon
becomes bilateral Another striking example 15 the lack of fall of
blood pressure after the extensive lamunectomy prelmunary to an
tenor nerve root section Cuttng the nerve roots weehs or months
latet sesults 1a signsficant pressure reduction

The vasied results obtatned by symparhectomy have led to many
conflicung seports ranging all the way from cures to complere
falore Doubtless 1ndecision has caused much of the confusion
shich has exsted n ciucans munds Tt may be fauly sad that
since the surgical technic has been improved and standardized and
since the critensa of operability have been more umiform in the van
ous clinics therapeunc results are becoming more umiform and
effecuve

But symp tomy remains a pall and 15 lly o
mdeed ever curatrve Whether these operations prolong life remains
uaproved on strict expermmental evidence yet accumulanng clinical
evidence suggests that they do Sull the data leave much to be de
swed There 1s wide vanation in the method of evaluaton Repornts
vary from 25 to 90 per cent sansfactory results with different
tpes of sympathectomy done a¢ dufferent stages of the disease It
must, therefore be recopnized that currently 1t 15 mpossible o
compare direcrly statstical fepores of the vagious sertes from differ
ent chnics A betier evaluation 15

possible by comparing res
different procedures done 1n the same clinse panng results of
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MODL OF ACTION OF SYMPATHECTOM}

It 15 probably fortunate that sympathectomy for the treatment
of hypertension was developed empurically 1nd before hypotheses
were advanced to explan 1t In fact, had 1t depended on some of
these 1 might never have been pracuced

Investigations conducted on dogs with experimental hypertea
sion have unfortunately added little to the Anowledge of the effects
of the operitions m human beings All but the most widespread
destrucuion of the nervous system have lttle or no lasung effect on
the ncreased blood pressure in renal hypertension 1n dogs In con
trast, panents suffering from chronic pyelonephnus and hyperwen
sion 1 some of whom the hypertension 15 primanly renal are a5
much helped by sympathectomy as those with essential hypercea
ston As Leriche puts 1 We do not understand Clincal expent
cnce docs not agree with the experimental demonstration  But
these comparisons fail to rechon with the differences 1 organization
of the neevous system m dogs and man Another obvious and, as 1t
appears important difference 15 that men walk upnght 1mposiag
a wide number of curculatory readjustments on their heart and ves
sels trom all of which dogs arc spared

It seems reasonable to suppose that in man the reduction 10
blood pressure and other beneficial effects are due to a number of
different changes mn physiology induced by the operanon There
fore o great simplificatton will probably fall short of giving an
adequate explanation of 1ts mechanism Without going into the
problem deeply it may be of intercst to outline some of the curent
views on the subject

The view has been hazarded that the effects of the operation do
not depend on denervaton of the vasculature of the abdomen
other than that of the hidneys The effece of sympathectomy 1s 2t
tributed to relief of renal 1schemia Accordingly renal denervation
15 such should be fully effectve whereas in the small number of
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such operations performed on human by pertensives it has had no
eficct. And 1n this view renal 1schemia should be the cause of
hypereension which 1 our view 3t 15 pot erther chimcally or ex
p lly Enally lumbodorsal sympathectomy 1s only rarely
followed by an increase in basal renal blood flow 1n pauents with
well established hypettension. Usually the flow 1s unchanged after
an othermise sausfactoty operavon. On the other hand the fact
thay renal blood flow does not ordinanily decrease after sympathec
tomy when artenal pressure may have fallen indicates that renal
tesstance must have dinsnished and the possibihity of significant
changes 1n blood flow and tesistance responses duning actvaty or
emouonal stress has not been fully explored I has been sugpested
that the decrease 1n basal renal reswstance establishes a benefical
and speaific ¢ffect of tenal denenvation This point of view too 15
defecune 1 that 1t ignores the normal autonomy of the renal ar
culation by which the kudney varies 1ts vascular resistance as artersal
pressure changes 1 order to marntain a nearly normal rate of blood
flow Acrally our observations on the effects of spinal and caudal
anesthesia sndicate thar the renal sessels of hypertensne subjects
teact much as do those of normal people The only difference and
this would be predicted 15 that most hypertensives mamtam a rest
due of increased afferent resistance which denervation and a drop 1n
pressute do not remove This restdual resistance probably reflects
afferent arterrolar sclesosis Thus tt seems improbable that sympa

thectomy reduces arterial pressure by speatfic nfluence on the
mechanism of renal arculaton

A large and especially unportant vascular asea 15 depraved of

its supply by tomy The splanchasc vasomotor
nerves in contrast to the renal vasomotor nerves

hughly reacuve two change 1n posiioa o mgestion 3;(2 f:(;m::;
even to mild exercise Especually the assumption of the erect

places heavy demands on the competence of this curculaty POS;;lrc
mere supposed that intesrupuon of the splanchnic “sccr:ln;nne:‘
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vaton reduccs arterial pressure 1n the presence of hypertension
solely by causing arteriolar vasodilatation or postarteriolar venular
and venous dilatation, 1t would be difficult to explan a prolonged
reducuon of pressure, since blood volume adjusts rapudly to the
space 1n which it circulates A tendency to such pooling, presumably
m the vemns 1s shown by the frequency with which orthostaue hy
potenston follows successful sympathectomy In this condition, pool
1ng of blood under the effect of gravity results 1n decreased venous
return and decreased cardiac output which 1s usually not adequately
compensated for by mcreased heart rate This mechansm smply
reflects a failure of reflex adjustment consequent on the wide de
nervation of the splanchnic and renal area

Another related mechanism, presumably concerned with de
nervation of arteries and arterioles 1s the inhibition of pressor re
sponscs to cold position and to the Valsalva mancuver after sym
pathectomy Sympathectomy scems to provide a sluice of uncon
stricted arterial bed tnto which biood flows so that pressure peaks
are damped or obliterated The advantage of such a mechanism 18
certain pauents scems obvious and 1n Smuthwich s view, 1t 15 great
est 1n those whose symptoms suggest impending cerebral accdents
and 1n whom artersal pressure fluctuates widely on sumulation

Both orthostatic hypotension and decreased pressor responsive
ness can be mimickhed by high spinal anesthesta but neither is an
adequate explanation of the decrease 1n supine blood pressure erther
after sympathectomy or during the anesthesia We have shown that
high spinal and candal anesthesta can induce 1n most patents with
essential hypertension 2 decrease in artersal pressure to the normal
level and that this decrease 1s accompanied by an incretse of renal
blood flow sn most and a considerable decrease of renal vascular
resistance 10 all subjects The same type of decrease of pressure and
renal ¢ can be induced by spinal | i dogs with
tenal hypertension whereas these 2mmals do not respond by 1 de
crease 1n artersal pressure even to the widest sympathectomy There
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s therefore an mportant difference betwcen the effect of spunal
anesthesa and that of sympathectomy Orthostatc hy potension de
creased reflex responsiveness and even decreased vascular resistance
ate not adequate explanations of the many possible beneficial
effects of sympathectomy 1n by pertension
VI searchung for other explanations one may Lie 1 the denena
ton of the adrenal medulla which would redute its output of ad
tenaline and not adrenaline This explanaton harks back to the
poneenng studies of Crle While Freeman Smuthwich and White
showed that sympathectamy 1 human beings tends to increase the
responsiveness of vascular musculature to adrenaline, the teactions
of pauents treated by lumbodorsal sympathectemy indicate that 1n
creased responsiveness 1s more than balaaced by decreased output
of pressor hormones from the adrenal medulla And, sf we admut
that adrenal medullary dencrvauon 1s part of the pattern we find
sull agother coroltary Under certain condmons the oversupply of
an adrenal-cortcal lhe hormone desoxycorticosterone Causes hy
pertension and n amumals at least artersal disease We and others
have shown that the adrenal cortex can be caused to discharge
corucal hotmone by mjection of adrenaline Consequently 1t may
be that adrenal medullary denervauon has a secondary effect on
the supply of corticord pressor substances
Another possibility 15 that the denervation due to splanchaic
secuon infubts dischasges of excatory sympatua (sympattun E)
fram the visceta especially from dhe liver One other Physiologic
mechanism may contribute to the over all effect of sympuhecmrﬁ
namely the vasodilatauon which results from m 4

wscular mos
In completely sympathectomized anmals stuggling 15 as:;?;‘;;

with fall 10 blood pressure which 15 abolished by

y curarme Thus
ercise 1 partially sympathectomuzed subjects may satiate dl]:‘
wmpulses which could significantly aid s lowerng arr ot
e g attenal blood

In brief there 15 no uatary explanation of the effect of sympa
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thectomy It probably involves postural reflexcs, neurogenic adapta
tions, the drenal cortex and medulla and the liver, as well as per
haps subtler mfluences Indirece physical or chemucal mechanisms
resultng from these (the haown) hemodynamic effects may 1 ume
¢t 1o cause a widespread decrease n peripheral resistance and a
lowenng of arterual pressure  (Wilkins ¢ of )

THL OPERATIONS

The four surgical procedures contemporanly employed are (1}
supradiaphr igmatic splanchnicectomy and ganglionectomy (Pect)
(2) subduaphrigmatic splanchnicectomy and ganglionectomy (Ad
son and Craig) (3) combined supra and infradiaphragmatc gan
L,Imnectomy (ninth thoracic o second lumbar) and splanchnicec
tomy (Smithwich) and () toral sympathectomy (Grimson)

1 Supradsphragmatic splanchnicectom 3 —Probably more con
secutive operations of the Peet type have been performed than of
the others 1500 1n Peets last report The results teported both by
Peet and by a numbcr of others differ among themselves rather
widely In considering, these reports the first problem s to recog
nize that they deal with disparate groups of hypertensive patients
and groups observed under very diffcrent condinons But we do san
the impression ¢hat 1a a considerable proportion of cases a defintte
and prolonged reduction n blood pressure has occurred Improve
ment 1n the general condition 1n some of these has been remathable
A larger group shows minor improvement According to Peets
statistics 82 per cent exhubited signtficant lowering, of blood pres
sure a figure higher than usual experience Symptomatic relief
was obtatned 1n 86 per cent

While Pcet had a large expenience with this operation and
without doubt exceptional technical facility the documentation of
his numerous observations can hardly furnish critersa for selection
of pttients from a notoriously fluctuane group Other obseevers
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aho perform the operation with great dexteney have not had 35
much success as he had In thus connecuon We pause to pay wbute
1o the courage wnaginaton and Shall of the tate Max Peet.
Supradsaphragmatic 5y mpathectomy 13 ROt RO™ as widely prac
uced because 1t does not provide as wide a denervauon of the
splanchme area as 18 achieved with the Squthwich operauon It
should be ponced out, howeser <tiat the problem of the extent of
the operation 15 far from senled and po one hnows {or sure what
area to denenate Ferns and Resses hase powted the way 102

shection of the extent of denervation by observing cold pressor fe

sponses during sptnal anesthesia Whether or o

ot this response 16 &
gude 15 not established. Buc thei dacd support the view that de

necvation should wsually be extensive cven including the fousth
dorsal ganglion Grimson and also Evans and Bartels have comne to
the conclusion that mapy paticnts are beter off when the area of
denenvation 15 2 wade one

2 Infradsaphragmasic splanchnycectomy —This opefation Wwas
drveloped at the Mayo Clinic by Craig and Adson. Ther results

sith 1t are somewhat berter than with the supradiaphragmatc op-
eraton but they find that only 10 13 per cent can results be classs
fied as good and 0 18 per cent 35 fair with regard to reducuon of
artesial blood pressute Relief of symproms 15 strthtng 1 a larger
percentage of pauents

Others have had much the same experience with thus operation
While 1t appears possibly to be more effectne than supradiaphrag
fmauc sympathectomy the 1mprosement s not sufficient to consider
1t the one of final choice Most present opinion leans toward aban
jamng it But a few notably Hembecher who view the adrenal

enervauons as the crucal effect of 5
3y mpathec
form of operation " omy bold o ths
In passing 1t 15 well fo point out that the v:
at1ous of o
tions which have been performed are :xpcnmcnm‘ly‘::ps uf’c trl::
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development of the treatment of hypertension by surgery There 15
sometumes a tendency to be unduly critical because a vassety of op
eratons has becn tried

3 Anterior nerve root section—Antenor nerye £oot secton 18
an operation first performed by Adson and Brown and carefully
studted by the Mayo group and by Page and Heuer ‘The results on
the whole are as good as those of the Smithw ick operauon, but the
far greater difficulties and dangers make 1t an unjustfiable pro
cedure It has now been abandoned but studies on st lad the
groundwork for subsequent work 1n this field

4 Transduphragmatic symparhectomy —Smuthwich has made
an extended and carefully planned investigation of the effect on
arterial pressure of removing vanous parts of the autonomic nerv
ous system He found that as the denervation became more com
plete a siymificant fall 1n blood pressure occurred when the patent
stood upright He seems to have demonstrated by muluple stage
operations that failure to modify the hypertension could be due to
madequatc denervation especially since potenually important nerve
pathways anse from the sympatheuc trunhs from the dorsal third
to the lumbar third segments At umes a failure could be converted
m60 a success by increasing the extent of the denervation But m
some cases niearly total sympathectomy failed to modify the hyper
tension
Finally he hit on the 1dea of combining both the supra and
the infraduphragmatc approach completng each side 1n one stage
The complete operation nterrupts vasoconsteictor tmpulses to the
legs as well as to the enure splanchnic bed The results seem su
perior to those of other operations

Smuthwich reported on 156 patients studied carefully over one
to five years He dwvided the results into five groups (not to
be confused with Keith and Wageners groups) according to
the resting horizontal lowening, of diastolic pressute after operation
The averace reduction (systolic/diastolic) was eroup [ 61713
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nm. Hg group I 44724 group 1 21/15 growp IV 10/5
o group V_the pressure fose on the average 18/11 mm Hg There
were G4 pauents 1n group I 32 1a group 11 and 28 1n group 1L
Results 1a groups [ and 11 were considered significant and 1n group
I probably significant. Thus 96 patients almost surely and 28
more possibly were benefited by the operaton.

Hys alternauve method of dassifying patents by gpes” 15
based on esnmauon of pulse pressute in the resting horzontal pos-
ture Pauents with natrow pulse pressure which 1s less than half
the dustolic pressuze are placed in ype 1 Those wich wider pulse
pressure equal t0 o up to 19 mm more than half the diastolic
pressure constute type 2 Fanally those with pulse pressure 20
mm or mote greater than one half the diastolic pressure form type
3 The results of the operauon were best 1 type 1 and poorest 1n
type 3 It 1s interesung that the best results occurred 1 ype 1 fe
males and poorest m type 3 males

Eleven of the 156 patents had pyelonephniis and sn all but
one 1t was bilateral. Smuthwick notes that as a group these pa
uenes did upusually well Incidentally the surgical exposure used by
Smuthwick allows carcful inspecuon of the hidneys and adrenal
glands This 15 proving to be important 1 some hypertensives 1n
shom adrenal tumors are revealed

The effects of operation do not appear to be pnmanly depend
ent on the state of the renal arterioles as judged by renal biopsy
since there was no sigmificant difference 1 results n pauents with
mld or no renal artenolar disease and those having more advanced
changes This 15 1n accord with older studies in which the state of
the renal vascularure was esumated sadicectly from  clearance
studies Clearly thus face along with others cuted, indicates that the
prumary effect of radical sympathectomy 15 not on the renal vas
cular Bed Sull i should be recogmized that most f not all pa
ents with severe renal disease do nor bencfiy matertally from I:he
operation and that they may even suffer damage
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5 'Total sympatbectomy ' —Gnmsona 1 1940 performed the
first complete sympathectomy for hypertension The evidence he
derived from dogs made hypertensve by carord sinus and toruc
depressor nerve section suggested that this procedure nught be
more benefictal than the less extensive sympathectomes or splanch
nicectomies previously performed He removed the sympathetc
chans sntact 1n pauents down to, and occasionally mcluding the
first and second lumbar ganglions

Several pauients have shown varying degrees of Jate incomplete
restoraton of the preoperative blood pressure level and a few an
1dditional late lowering of blood pressure Response to the cold
pressor test 15 depressed for 1 few weehs after che most complete
sympathectomies Later, the response returns to Jevels observed be
fore operation The dimmushed heart rate due to cardrac denervation
apparently persists rates between 40 and GO beng frequent
Postural lowering of blood pressure was observed w all pauents
and tends to persist Most showcd significane and persistent reduc
ton of astersal pressute when measured in the supine posture

Grumson believes the advantiges of this procedure over the
less extensive sympathectomies are a more consistent lowenng of
blood pressure a slow regular heart rate postural hypotension
without tichycardin and probably decreased likelthood of sym
pathetic regenerition The disadvantages not alf hmited 1o total
sympathectomy are greater oOperauve morbidity and morrility
decreascd vital capaaity difficule postoperative management bt
lateral Horners syndrome occasional chrome nasal congestion
excessive sweating m patches occasonal prolonged weakness and
posturil disabiity more extensive postoperatne pain and psychic
trauma and 10 an occasional male patient decreased ferulity

Urca cleatance decreased shightly immedsacely after  total
sympathectomy but m six months to a year often reached or ex
ceeded 1ts preoperatve level This operation must still be con
sidered expenmental
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SELECTION OF PATIENTS FOR 5y MPATHECTOMY

Many have been the auempts o find a single test of even 2
group of tests which will yield reliable snformaton as to whether
ar not sympathectomy will favorably mfluence hypertension Cer
tamly no single test has been found satsfactory Gradually most
Invesugators are becomung ageeed that cercain obsenations are
niecessary befare even rough forecasting is possible

Pauents over age 55 are wually rejected as are those with
cardiac failure who do not respond to treatment o those with ex
sensne cerebra) astenosclerasss and repeated surokes  Arrhythmias
such as auticular fbatlavon, futter or bloch contramdicate opera
uon while they persist and are aot adequately controlled. As Fish
kerg, posnts out symptoms due (o artenosclerosis will not be helped
and may be aggravated by sympathectomy which explans Smith
wich s asersian co operating on all pauents with high pulse pressure
In contrast to paunents with advanced renal or cercbral disease
many with cardiac compensation who sespond to medical treat
ment often do surprisingly well after operauon Even moderate
ceducooa of the load on the beart may prevent further episodes of
decompensation for several years

The best tesults are certainly obtained 1n hewth and Wagener's
ot Smithwich s groups T and 1 The gamble becomes geeater with
geaup 1l and e furdher 1acreascd s group IV

The most strihing and least disputed effects of sympathectomy
as we powted out 12 years ago occur 1n some pauents wich full
blown early mahignant hypertension At that ume most surgeons
l;elmcd the malignanr syndrome o be a definite contraindication
LT e e oo ot
of chnics with mudcmelyenos:d)e:tei[m oper:m;;n 0 @ number
volved It us of course mot ‘Eur mau ;m psuly the ks n
sreatest among these pavients SP ing dhat operative mortality 1s

ull one of the most dramatic ex
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pertences 1n the treatment of hypertenston 15 to see the rapid sub
sidence of the reunopathy and the disappearance of headache and
congestve farlure Whle 1 few hypertensives who enter this ma
hgnant phase have spontancous remissions, most of them do not.
At least 90 per cent will die within two years of the onset of sigas
of accelerated vascular disease

Unfortunately, not all of the good results are lasting But many

FIG 16 —Eyegrounds of patient with malignant h)pencnsmn A before
and B after 55 hectomy  The of and edema of

the retna 1s clearly portrayed Constriction of arterioles seems to have lessened
to some extent

of our patients have so long outlived what could reasonably be
expected as to lcave lirtle doubt 1n our minds that operation pro
longed their Iives The increased hife expectancy is perhaps most
clearly shown m a moreality survey by Peet and Isberg They
noted that 19 per cent of 112 such pauents are hving five to 11
years later If the operation 1s performed early in the course of the
disease and renal function 1s good the chances of success are m
proved and the value of the operation most clearly scen How
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ever we believe that excepe for geseatch purposes operation should
not be performed unless there 15 evidence of progressne vascular
detenoranon Whether sympathectomy will prevent vasaular de
tenoranon when performed very early before it has appeared 15
notjet known

Thete 15 a difference of optaion whether of not renal damage
1s 2 contrandication to operation and, granung st 15 how much
damage 15 significant. Certamly moderate degree of loss of renal
efficiency 16 abaliry 1o concentrate unne 10 a speafic gravity of
1018-1022 1s not sufficient grounds ta refuse operation. But the
more severe grades with reduction of urca clearance befow 50 per
cent of normal and deterioration of concentraung, power w0 1010
or 1012 saterdict 1t Here 1t 15 important to be sure that the, falure
15 renal and not due to remediable cardiac fadure It has been our
impression that the rate of loss of renal efficiency is as unportant
as the amount Jost Urea cleatance and concentrating abiliy that
are low and falling rapidly consutute an almost certam conttasnds
cation. Stace renal funcuon 13 not appreciably altered as a durect
effect of sympathectomy there need be no fear that uremua will be
precspitated by transitory  postoperauve colfapse which 15 ade
quately treated.

The average level of the blood pressure 15 not 2 good index of
the result to be expected from operauon When dustohie pressure
15 excessively hugh a less favorable sesult may be expected, but ths
15 no more than saying that the operanon 1s less cfecuve as the
disease ss mote severe It 1s an umpression that the more labile the
‘pressure the bewer the resul This 15 possibly true but agan should
not be made too unpareans a factor 1 the decsion Smuthwich s
use of pulse pressure as an index may prove more valuable than
average atcertal pressure possibly because i ads 10 excludun,
uents wath artenosclerouc hypertension, Hovwever a1 15 tus 5
ston that the demonstranos of 3 hyperreactive impres
1s an important guide even when basal blood pressor mechanism

pressures are normal
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or nearly so One test of this, which scems to us mote crrucal than
a cold pressor test can cver be, is the observation of dhe pressure
overshoot after 1 Valsalva mancuver The patient breathes out
2ganst a resistance of 40 mm Hg for 10 seconds dupng which
pressure transttonly falls Normally there should be litle nse of
pressure beyond control levels in the succeeding 15~120 seconds
Many hypertensne patients show large overshoots at this ume
These overshoots indicate 1 vasomotor hyperresponsivencss ¢spe
crally common 1n people who Jacer develop strokes, they can be
tempor inily abolished or mmimized by sympathectomy

Patients with many symproms such as headache precordial
pain fechng of tension 1nd ientibility and poor appetite are often
benefited strihangly These are significant factors and should not be
underesumated On the other hand patients whose symptoms seem
10 be relited more to emotonal instability than to vascular disetse
are sometimes only made worse

An mmportnt sssue 1s whether the pittent 15 1 good spore and
given o tahing a hopeful outlook While these considerations do
not determune the outcome they go far to lessen the disappoint
ment of a failure

Laboratory tests have given no decisive answer to the problem
of selection Posstbly one of the best 1s Allea and Adsons sodum
amytal® test Three gruns of tus drug 1s gnen every hour for
three hours 1e 9 gr and the blood pressure 1s measured during
this persod If the drstolic pressure decreases to less than 110 mm
Hg good or fair results occur almost four tmes 1s frequently as
when the artersal pressure does not fall below 120 mm Hg But
there are many cxamples of resules which were eventually poor de
spite adequate response of the diastolic pressure Alfen finds 1t
caster to be tccusate m the prediction of poor results than of good
onces
Other tests have been proposed such 1s admunustrazon of 112
gr sodum nitriee each hour for sin hours ntravenous njection of
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pentothal sodium * ot tetraethy lammonium and wducuon of spinal
anesthessa, but they appear to have no advantage over the simple
test proposed by Allen and Adson The cold pressor test also does
not appear 10 have any prognosuc value 1n relation to operation.
Thus despue the multphery of tests which have been suggested,
none of them have proved worth The Valsalva test has perhaps as
much or more to commend 1t than any other At least, 1¢ 1s con
cerned with sunple hemody namic changes and does not imvolve the
many mechanisms which enter even 1nto the cold pressor test

Thus the selection of patients for sympathectomy 1s sull in the
empiric stage Those most expenenced and successful 1n thus pro-
cedure use a combinauon of the factors listed, along with a large
flavoring of mntuttion. Such expenenced surgeons do surpnsiagly
well 1n therr forecasung But the lists of indications and contra
sndications watten by many surgeons show no consistency and for
the most part are only statements of opinion

It 15 difficult to phrase a statement of indicauons for sympa
thectomy They are to our view as follows (1) age less than 55
and physwologic age more significant than cheonological (2) ad
“anang vascular disease uncontrollable by other means (3) oc
casional severely hyperreacuve pauents (cold pressor Valsalva,

emoton) who have shown sympoms of impending cerchral dis-
ease and (4) early malignant h pertension

MISCELLANEOUS CONSIDERATIONS

Pauents with very early and labile hypertension  especiall;
women are more and more being subjected to operation with (hye
hope that the progress of the discase will be stopped before a;

ureversible phase has been seached So 1t 15 not surprising th .
many reports that show the most umpressive benefits are :hic ﬂ;
operations on women with early hypertension The best xesulo!s
should be expected in this Broup (1) because hypertensio
women 15 often benign (2) 1e4s aften very labile, and (3) vm‘:nel:
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achseve at least a temporary reprieve from the favages of the dis
ease and their life span 1s increased Often what span of life re
mams becomes far more bearable No especial benefic occurs to
the hidneys, and severe renal tnjury 1s a conttaindication The
heart may be benefired by relief from some of sts load The cerebral
vessels can only ndirectly be aided
Thus 1f the citcumstances are suitable, there can be hittle doubt
that an adequare sympathectomy 1s often followed by significant
therapeutic results But the smtability of the circumstances 15 not
always easy to determine Our experience 1n patients with advanc
ing vascular disease indicates after three years, soughly 15 per cent
appatent cures, another 25 per cent symptomaucally and ebjectively
mmproved, 25 per cent symptomatically better and the remainder
unchanged
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16 Dxet m tIae Tlcatment of
Hypel tension

DIETARY TREATMENT 15 always fisaniung and popular People
insunctisely feel that a change m diec mighe be helpful Thus for
most conymon diserses almost the whole gamut of possible changes
bas been made and almost every one has been touted as the one
sure cur. In retrospect one fact seems certan severe changes 8
man s normal diet must be made with care ‘Thus 1s not to say that
carefully studied changes are not of proved value Tor example a
sodwum poor diee creates a negatve sodmum balance which helps
rid the body of edema Such a diet 15 therefore recommended 10
congestive fulure and other condinons m which sodaun 1s abnor
mally retuned But this docs not imply that we should all use
diess deficient 1 sodium or 1 other factors muneral or organic
The warning of history that diets should be vaved from the
normal only with grear crcumspection 15 especially applicable n
treatment of essenual hypentension Here the situation s very dif
ferent fram the mmmedicics of congestive failure acute nephrius
and simidar states for any effecuve trearment may hue to be con
waaed for yeats Time 15 thus allowed for the unforescen deferersons
effects of 40 madequate diet to mantfest themselves Clearly then
since excessnely low sodmm and nice diets are bath hughly ab
aommal their long tetm effects are uphnown and ther use must
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be considered experumental unul these effects can be evaluated.

It 15 unnecessary to fecount the Many aempts 10 lower artenal
pressure by diet. Cugrent practices ase latgely refinements of older
ones which 1n 7o small measure accounts for the fact that diets
now 10 use must be much more rigdly controlled than the older
ones and for much of the controversy which remans. Thus low
«alt diets have been used 1 cardiovascular disease for at Jeast 40
sears Only recently has the requirement becn set that the wnnary
excretion of sodwm be 200 mg or less 1 24 hours for the dienry
control to be considered effectve Whether such nigid restncuon 1
always necessary 1s another question. The pont we wish to stress
15 that salt poor diets may diffes widely so that what was a sal

poor diet a decade ago would be almost salt rich under cutrent
standards

Low Sopiuas DieTs 1N HyPERTENSION

At thus pount a sharp disuncuon must be made between the use
of Jow sodum diets 1n the treatment of the cardiac failure 1n hyper
tension and 1n the compensated phase of the disease The usefulness
of these diets 1n the former 15 not 1 doubt the uncertamnty con
cetns the treatment of hypertension as such. Ambard i France
Volhard 10 Germaay and Allen an the Untted States long ago rec
ommended chlonde and sodinm restction @ che teeatment of
compensated hyperteasion. Allen and Volhard s studies in parucular
were well carried ouc but the work recened only scant confirma
ton parucularly when the moderate salt sestricyon they used was
pracuiced

hempners work on rice diets and Grollman's re study of the
fow sodwm dier problem have brought renewed nterest gnd ex
tensive use of both diets We shall consider at dus powt only the
drastc low sodwm diets of the sort used by Groliman These should
be considered experimental and not recommended for rouune treac
ment of pauenrs for 1t 15 far from proved that these diets have
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DICTARY TREATMENT 1s always fascinatng and popular People
wsunctvely feel that a change in diet might be helpful Thus, for
most common diseases almost the whole gamut of possible changes
has been made and almost every one has been touted as the one
sure cure In retrospece one fact seems certain  severe changes 1
man s normal diet muse be made with care Thus 1s not to say that
carefully studied changes are not of proved value For cxample a
sodwm poor diet creates a negattve sodmm balance which helps
rid the body of edema Such a diet 15 therefore recommended 1n
congestive fatlure and other conditions 1n which sodum ss abnor
mally retaned But this does not smply that we should all use
diets deficient 1 sodium or in other factors muneral o organic
The warning of history that diets should be vanied from the
normal only with great circumspecnion 15 especally applrcable ia
treatment of essentral hypertension Here the situation 15 very dif
ferent from the tnmediacies of congestive falure acute nephrits
and sumular states for any effecuve treatment may have to be con
unued for years Time 15 thus allowed for the unforescen defetersous
effects of an 1nadeq diet to fest ¢k Ives Clearly then
since excessively low sodum and rice  diets are both highly ab
normal, their long term effects are unknown and thesr use must
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Clearly thus 15 nOt an easy reglme {0 follow Unless adhe;:i( o
scrupujously 1t cestanty will have oo value and walt be 2 needless
nussance and expense Fren af st s followed with cate there 35 no
assurance thae 1 will do good Unless the physician can and wall
carefully sady s paueat, the diet should not be wsed, While there
are «catcered ceparts of great sucess wuch these diers almost none
of them bear thorough scrutiny Ic is now recogmized dhar whae
effects are actuered scem 10 be gssoqated wih the sodum sathee
thas with the chlonde deprivation In some pateats sodmm dep-
nyation 8 assisted by prescubing ammooum chlonde (1 Gm
15 gr) three umes daiy for three days in the weeh.

Swce the amm of a low sodwm diet 15 sodem depleuant the
logic of treatrnent suggests thar depleuon be hastened 10 certun
pavents by the use of metcuna) dsencs as well as ammoniuar
chlonde Such capid desaltng  has the advantage of indicaung 1
short order the probability of a long tesm sesponse to treatment by
diet Megibow and co-norhers have suggested injection of mercu
purn 2 c¢ meramuscularly at satervals of one to four days after
starting 2 low sodum deet. Sice such a tegume incteascs somewhat
the hazards of sodsum testiction 1t should be feserved for pstients
who ate undet careful supens1sion and control

Dangers of drastes sodsman restrictson —It must be obvious that
such drasue vodnm resticton 15 nor without danger Most people
know that 1n hot cimates vascylar collapse can occur when sweat
wg and loss of salt are excessne and can be 12 part alleviared by
tabing skt I 1 possible that the lowenng of blood pressure n
sone by pezeense patients when 1t occurs 15 a milder form of dus
vaseular callapse seen in nosmal persoas uades the stress of salt~
et loss doe to heat I shon the paent must Live n the naccow

range shere salt withdrawal 55 sufficient parualiy © lowee hlood
pressure but insufficient 1o Precipitate collapse
When the hidn

Y8 ate funcuomng notmally the zone 1n which
the body can safely operate 15 reasanably wide But with damaged
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long term value 1 the treatment of fypertension There 1s o doubt
that many patents do not respond at all Turther, no test has been
devised for the selection of those who will respond

Preparation of low sodum diets (Appendin 3) —One of the
cluef problems of physicians wishing to give the drasuc low salt
diet 15 1ts preparation and the preparation of the patient to tthe 1t
These diets usually are monotonous and tasteless They should be
coohed with care, for Can that which 15 unsavory be earen wrdiout
salt> (Job 6 6) Some people sumply refuse to eac them ohers
disconunue them after several weehs Many others find 1t pracucally
mmposssble to prepare the diet or to have 1t prepared for them 1
palatable way Even with intelligent patients constant control 15
necessiry lest some unforeseen source of sodmum be admitted ©
this socally selece group of dietary molecules Treated s out
patientts 1¢ 15 sife to say that few patents will be able to heep the
sodium intake below 200 mg daly

Certain rules for gudince may be useful (1) The problem
must be presented to the patent fairly and be thoroughly under
stood by him An alternatnve 15 to hector or bully him into submis
sion (2) Food must be indwvidually prepared without sat Help-
ful friends and relatives shonld be discouraged from aiding i the
diet {(3) A reliable lise of Jow sodum foods must be wdhered to
such as the one on page 386 Speciily prepared sodmm poor milh
powder (lonalac®—Mead Johnson and Company) has proved a
useful part of the diet (4) Scasoning should be used whenever
desired being sure the seasoning 1s sodium free and as we now
know lithum free There 1s probably no harm 1 use of potassum
contasming  salt substitutes 1n the absence of uremua and oligura
The meal should be served artractively (5) The 24 hour urnary
chloride or better sodum should be occasionally determmned and
the patient informed of the result This 15 the final control of the
adequacy of the diec Tht 24 hour specimen should not contun
more than 200 mg of sodim
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Cleatly thus 15 not an €asy tegume o follow Unless adhered 0
scrupulously 1t cerramly will have 00 yalue and will be 3 needless
nusance and expense Even if 1215 followed with care there 15 00
assurance that 1t sl do good Unless the physician a0 and will
carefully smdy hus pauent “he diet should not be used. While there
are scattered [epofis of great success with these diets, almost none
of them bear thorough scrutiny It 15 now recognized that what
eficcts are achieved scem 10 be assocuated with the sodium rather
than with the chlonde deprivaton In some pauents sodium dep-
mavon 15 assisted by prescribing ammonium chlonde (1 Gm.
15 gr ) three umes daily for three days 10 the weeh.

Since the amm of a low sodwm diet 15 sodum depletion the
logic of treatment SUEEESS that depleuon be hastened 10 certain

pauents by the use of mercural diretcs as well as ammonum

londe Such rapid desatung has the advantage

of mdicaung n
shore order the probabulity of a long term response 10 treatment by

diet Megibow and co-worhers have suggested injection of mercu
punn® 2 ¢ intramuscularly at intcrvals of one to four days after
starung a low sodum duet. Since such a regime 1NCreases somewhat
the hazards of sodnm restrcion 1t should be teserved for patients
who are under carcful supervision and control

Dangers of drastsc sodwen restrsction —lt must be obvious that
such drastic sodrum restricuon 15 not without danger Most people
Lnow that 10 hot climates vascular collapse can occur when sweat
ing and loss of salt are excessive and can be 1o part alleviated by
whing salt Tt 1s possible that the lowering of blood pressure 10
some hypertensive pauents when 1t occurs 15 a milder form of this
\ascular collapse scen 10 normal persons under the stress of sale-
water loss due to heat In short the pauent must live 1n the narrow
range where salt withdranal ss sufficient partally to lower blood
pressure but insufficient to precipitate collapse

When the hidneys are funcuoning normally the zone in which
the body can safely operate 1s reasonably wide But with damaged
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funcuon the prcture is different As salt 15 withdrawn in notmal
people 1t quickly disappears from the unine and the loss from bodj
water halts Plasma sodiam mamntans stself at relatve constancy
In contrast, pauents with dimaged hidneys or those under weat
ment with mercurals do nor show this remarhable consersation
phenomenon  Day after day almost undimished amounts of
sodium apper m the urine and water continues to be lost from the
body The Aidneys are unable to stop the losses unul oligemia and
hyponatremia result 1n vascular collipse This phenomenon s welt
known tn the terminal phase of glomerulonephritis when misgumded
treatment demands rigid sale restriction 1 the face of isosthenursa

While 1dmunistration of sale will cure these acute episodes the
cure 1s sometimes not as rapid as might be expected Even with
large amounts of salt, from 12 to 24 hours may be required before
the disturbances set up are remedied

Renal blood flow may fall during drastic sodum restriction and
ability to concentrate urine may decrease Witk the year or more
that this has been studied it appears to be a reversible process On
the other hand if the reduction 1s of suffictent degree and ws cause
unrecognized great damage might be nflicted Tius problem de
serves careful considerauon before these diets are widely used A
few pauents show mereased cylindruria during low sodwm treat
ment

We hope that we have made 1t clear that the drastc low
sodtum diets are distinctly espersmental Only a few patients appear
to respond with a signtficant fall in blood pressure and no means
are known for selecting, those who will respond The diet 1s difficult
to prepare and costly It 1s not withour danger on two counts
(1) vascular collapse from extreme salt deprivaton s always just
around the corner and (2) renal efficiency 1s often temporarily
significantly reduced Study of these diets 15 however well Jusafied
and 1t 15 hoped that those 1n 2 posion to vestigate them ade
quately will do so with care and dispatch
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THE REMP~ER RICE DIET

Few for the of hyp have 0
surred controversy as the nce diet. Every shade of opnion exsts
Some sce 1 1t 2 cuse while ofhers view 1t as deserving of noduag
more than casual nterest. At present 1t 15 DOt possible on the basis
of published evidence to atme at any considered opimon of its
\alue Many of us remember the estremes of view expressed 15
years ago about sympathectoy This emouonal approach as one
looks back on 1, contributed hitdde to undesstanding of the namre
of the problem

The nee diet 3nd the sodm deplevon diet ate alde 1o that
each yields abour 2 000 calones fuel value and contains less than
05 Gm of sodium They differ i their protemn content, which 1n
hempners regime 15 less than 20 Gm. and also m hempoers
assumption that other foods contain unidennfied toxic substances
not present 10 tice which embarrass the hidneys

Are the effects of the dier due 1o 15 low salt content to s
low vegewble protein content, to loss of weight, 10 negamve m
wogen balance or 10 a cambinanon of these plus aggressive mass
psychotherapy’ The answer 15 certunly that we do not hnow
In our hands the few pavents who show a consistent decrease
wn pressure on the nce dier show the same change on a low
sodm diet, and the decrease 10 both cases 15 abolished by gning
sodm chlonde Maay of these problems will soon be agswered,
The only danger 15 that, meanwhile posers may be unconsciously
conferred on a diet with a catchy name whose value has yet 1o be

esen empinically proved. Thorough study 1 certainly jusufied bue
its importance must be Le

pt 1n focus wath other as)
mental therapy aspests of expers

We may be alloned o observanons, which we confess have
!:heendmzdc a good many umes before more detailed discussion of
e diec First, and imporrant, hempner like many enthusiasuc
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chinicians, from his reports does not seem to evaluate che hyper
tensive pattents condition 1dequately 1n a control period before
the diec 15 sturted This 1s 1 serious critasm and one repeatedly
leveled at surgeons with only sporidic success At the very least
three weeks and often several months are required before even
a semblance of a control base line can be established, and 1n some
pattents even this 1s not enough

In 1944 Kempner first reported on the use of the rice dict It
contains 2 000 calories, not more than 5 Gm fat, 20 Gm protein,
200 mg chlorde and 150 mg sodum From 250 to 350 Gm of
nce (dry weighe) 1s taken datly All fruits are allowed except nuts
dates avocados and dried or canned fruit or fruie dernatines to
which substances other than white sugar have been added Not
more than one banana a dy may be tahen Whte sugar and dex
trose are allowed ad libitum, on the average a patient takes about
100 Gm daily but, 1f necessary, as much as 500 Gm may be used
Tomato and vegerable juices are not alloned Usually no water 1
gwven and the daily fluid ntake 1s imited to 700-1 000 cc of fruit
juice Supplementary vitamins are added—virimun A 5 000 unis
D 1000 unnts thiamine hydrochloride 5 mg  nboflwin 5 mg,
nzanamide 25 mg  caloum pantothenate 2 mg Rest m bed 15
nerther necessary nor desrible Werght may decrease nrchedly
during the first 20 days

The diet should be conunued without moditication unul the
conditions which were the indication for sts use hwve disappeared
‘Then small amouats of nonleguminous vegetables poticoes lean
meat or fish (prepared without salt or fat) may be added

Nitrogen equilibrium 15 sard by Kempner to be mauntaned de
spite the low protein content aithough Schwartz and Meths found
excretion of mitcogen greater than the watshe 1¢ a negatve bal
ance Blood nonprotemn nitrogen was lower 1 patcats on the nice
diet than 1n normal or fasung persons (1e 27 compared with 31
mg ) and average urea nitrogen was 14 1 mg before the diet and
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7.8 mg after Hyperchol decreased matkedly with the rce
diet. 1o 200 of 284 paucats with bypestcasive vascular disease (70
per ceat) who had diolesterol concenuanony of at least 220 mg
per 108 <o 132 exbubuted a decrease aormal levels Free choles
set0l 20d chalesterol esters decreased dunng the re regme i
sbout the ssme proportsen. There was a decrease of 99 per cent
<odmm concentranion i the urae and of 43 per ceat i blood and
an wyigaificant wczease w p <

hempner s indicauons constst of all senous instances of acute
and chronc nephrius heart fandure wiuch does oot respond 1o the
custamacy salt estnicuon and drugs acteriosclerone and hyporeen
sive vascular disease with cacdiac cerebral rennal or renal mvolve
ment and uncomplicated hypertensne ‘vascular disease whea a
more liberal regime weight adjustment festucuon of acusines
sedatnes e have faled. It 1 supgested as 3 therapeunc test
before sympathectomy 18 considered.

In cases complicated by peptic ulcer taw frust should be
avoided and only cooked straned frwse used. Water or dalyzed
mull may be substurued for the fruw poces There 15 no contta
tadicauon 1 diabetes melhitus Blood and unine must be frequently
cheched becanse loss of Cl and Na may teach senous ptoparnons
Sodmum cannot be replaced as quickly as mighe be supposed aftec
depletion

Symptomatc unprosement may be stnhiag Of 500 pawcats
wast of whom were senously Af and many of whom had accord
g to hempoer faded to respoad to ather forms of weatment, the
dict was weflecune w 178 In 322 »t produced ove of more of the

following changes decrease 18 mean blood pressute of ag least 20

mm Hg reducton of heart sze by 18 per cent or mose change 1n
Ty frem completely wnered o u

prght, duappearante of severy
reunopathy The tme requued for che blood pressure 1o decreasq

vaned from four days 10 10 moadhs In 40 wih and 85 without
tenal irolvement, blood pressuwre zeturned 10 normal or almost
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chinicians, from his reports does not seem to evaluate the hyper
tenstve pattents condition adequately 1n a control period before
the diet 15 started This 1s 2 sertous criticsm and one repeatedly
leveled at surgeons with only sporadic success Ac the very least,
three weeks and often several months, are required before even
a semblance of a control base line can be established and in some
patients even this 15 not enough

In 1944, Kempner first reported on the use of the rice diet It
contatns 2 000 calories not more than 5 Gm fat, 20 Gm protem
200 mg chloride and 150 mg sodium From 250 to 350 Gm of
nice (dry weighe) s taken daily All fruuts are allowed except nuts
dates avocados and dried or canned frust or frue denvatves o
which substances other than white sugir have been added Not
more than one banana a day may be tahen Whate sugar and dex
trose are allowed ad libitum, on the average 2 pauent tahes about
100 Gm daily but 1f nccessary, as much as 500 Gm may be used
Tomato and vegetable juices are not allowed Usually no water 15
given and the datly flud 1neake 1s Iimuted to 700-1 000 cc of frunt
juice Supplementary vitamins are added—vitamin A, 5 000 unts
D 1000 units thiamine hydrochlonde 5 mg nboflavin 5 mg
nacinamide 25 mg, calaum pantothenate 2 mg  Rest mn bed 15
nerther necessary nor desitable Weight may decreise marhedly
duning the first 20 days

The dtet should be conunued without modificanon unul the
condittons which were the indication for its use have disappeared
Then small of nonleg getables potatoes lean
meat or fish (prepared without salt or far) may be added

Nitrogen equilibrium 15 said by Kempner to be mamtamned de
spite the low protetn content, although Schwartz and Merhs found
excreuon of nitrogen greater than the weahe te a ncgative bal
ance Blood nonprotein nstrogen was lower in patients on the rice
diet than 1n normal or fasung persons (1€ 27 compared with 34
mg ) and average urea nitrogen was 141 mg before the diet and
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normal values Of 406 pauents with diastolic pressures over 100
mm Hg blood pressure decreased from 1 to 62 mm average 18
mm 1 96 per cent, only 4 per cent showed an crease The pres
sures on the rice diec may be far lower than the lowest value reached
by the sodium amyral® test of vasculac lability

In 95 per cent of 286 panents the heart became smaller 1 an
averige of 118 diys In 99 of 310 patients Tr was completely
mverted and 1n 30 of these 1¢ became upright In none did the re
verse occur Vascular reunopathy, papilledema, hemorchage and
exudate present m 140 of 500 panents disappeared during the nice
diet but reunal improvement did not necessanily conaide with de
crease 1n blood pressure Scvere reunopatly often disappeared
when blood pressure remained at 2 constanely high level An aver
age of 14 months was required for retinal changes to disappear
completely

Qur expertence with the nice diet has been that some paents
would not stay on the diet because of its monotony Among those
who did so after a prolonged control period results have not been
impressive In some patients a fall n renal blood flow occurred
which so far has seemed reversible The eyegrounds of one patent
may have cleared as the result of the diet bue thus 15 uncertan for
a vartety of rewsons Several pattents all with reduced renal func
von suffered serious collapse with rsing blood urca and reduced
catbon dioxide combining capacity while on the diet The syn
drome 1s reversible by 1d ratton of a sale cc diet which
quickly restores the patients to therr former state
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REMPNIR W Treatment of hypertensive vascular discase with nce diet Am
1 Med 4 545 1948
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facilities for refrigerauon are madequate she botde 18 nnsed with
a few drops of formal® or icresol He 18 wstructed to take 00
Auwd o frans noduag such as gelann desserts of 1ce cream which
1 some phase of 115 existence €30 be paured Thus restncuon 15 10
begn at 8 At on the day of the rest and 10 continue unul 8 A M
he following dag He 15 o discard urine passed during the day and
0 yosd 20d discard unne at 8 PM All unine passed after 8 Pt s
collecied 1n the borde ncluding the speamen passed at 8 At ont
the second day The urine 15 then brought for examinanon Undue
thutst may be relieved by chewng gum.

PROCEDURES

Estimatton of concentrating pouer—1 The temperature of
the uriae specumen 1s measured and speaific gravity found wath an
accurate (tested and cheched) unnometer It 1s important to avoxd
panallax i wlang the reading and to nsert the utnometer into the
unpe with 2 spinung monon so that it s freely floaung 1n the
cylinder Most urmometets are calibrated agamst water at 15 C.
Consequeatly the abserved reading 15 cosrected fot the temperatuse
of the specumen by adding 0001 for each 3 degrees above 15 C. or
by subtracung this amount for lower temperatures

2 Unoe pH 1s then measured with mitrazine test paper

3 Unmary glucose 15 searched for {quanutauve Benedics re
agent) or esumated semiquanutatinely wsing one of the office test
Lis (eg Chinutest)

4 URINARY PROTEIN This 15 measuted by the method of
Addss and Shevhy ’ eed

Ponaple  Protesn 15 precipitated by addiion of an alcoholic
solution of phosphotungstic acd and the precipitate 15 pacled to
2 measuted solome 1 the calibrated narrow stem of a special
centrifuge tube under standard condinons

Method. To 4 cc of filtered or clear noemal o shghily pro-
teihunc unne of to the same volume of a water diluwon (174 1710
1/20) of heavtly proteinunsc rine 8 2a AddisShevly twbe add



Appendix 1 METHODs OF FUNCTIONAL
EXAMINATION OF THE KIDNEY

1 ADDIS TEST ESTIMATION OF CONCENTRATING
POWER SEDIMENT COUNT

APPLICATION Detection and esumation of early stages of
renal damage The concentravon test is contramdicated 1 renal
failure with azotemua Stnce concentraung power has already been
lost 10 most such cases the test serves no purpose and water depriva
tion may intensify the condion The sediment count can be done at
any stage of the dsease

PRINCIPLE  Deprivaton of water during 2 pertod of normal
solid intahe increases the osmotc pressure of body furds This
change stmulates the posterior preuttary to release anudiuretic
hormone The extent to which the cells of the distal convoluced
tubules respond to the hormone measures their capacity for osmottc
worh This osmouc worh consists 1o reabsorbing hypotonie flud
from the distal tubule against the pull of the residual hypertomc
urtne
COLLECTION OF URINL

Unne 15 collected duting the lase 12 he of a 24 hr dry period
The speaific gravity 15 measured and corrected for protetn content
The specimen 1s also used for esttmation of protem output 1n the
unne and for the sediment count

The pattent 15 given a clean dry botde such as a Mason jar If

366
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facilies for refrigeranon are wadequare the boule 15 nnsed with
a few drops of formalia® or tricresol He 35 mstructed to take no
flusd, no fruns nothing such as gelaun desserts or e cream, which
1n some phase of 1ts existence can be poured. This testriction 15 t@
begun at 8 A on the day of the rest and 10 continue uand 8 A
the following day He 15 10 duscard urine passed duning the day and
10 voud and discard urne at 8 Pyt All unine passed after 8 P M s
collected 10 the bottle including the specimen passed at 8 A.M. on
the second day The urne 15 then brought for exammanon Undue
thurst may be relieved by chewing gum.
PROCEDURES

Esuimation of concentrating pouer—1 The temperatute of
the unine speamen 15 measuted and specific geavity found with an
accurate (tested and cheched) unnometer It 1s important to avoid
panallax in wlung the reading and to insert the unnometer 1010 the
urine with 2 spinaing motion so that 1t 15 freely floauag 1 the
cylindes Most uninometers are cabibrated against water at 15 C.
Consequently the observed reading 15 corrected for the temperature
of the spetimen by adding 0001 for each 3 degrees above 15 C. or
by subtracung this amount for lower temperatures

2 Unne pH 15 then measured with nitrazine tese paper

3 Unnary glucose 15 searched for {quantause Benedicts re
agent) or esumated semiquanutatively using one of the office test
lats (eg Clinstest)

4 URiNARY PROTEIN This 15 messured by the method of
Addis and Shevky

Pasaple Protein 8 precipiated by addiwon of an alcoholc
solution of phosphatungstc acd and the precipitate 15 pached to
2 measured volume i the calibrated nartow stem of a special
cenmifuge whe under standard conditions

Method. To 4 cc of filtered or clear normal or shightly pro-
{EIBUIIC urioe Of 1O the same volume of a watee diluuon (1/4 1/10
1/20) of beavtly proteinuric yrine m an Addis-Shevky tube add
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25 cc of Tsuchiya reagent Mix the fluds by inversion, let stand
10 mun and then centrifuge for 10 mmn at 1600 rpm

Tsuchyya reagent 15 made by dissolving 15 Gm of phospho
tungstic acd n about 500 cc of 95% ethyl alcohel Add 50 cc of
concentrated hydrochloric acid and make up to 1 L. wath alcohol

The column of protemn precipitate 1s measured along the nat
row stem of the tube, if 1t 15 more than 04 cc, the urme should be
diluted and the determination repeated The height of the column
X 72 X the urine dilution equals the protemn content 1n Gm /L.
Protein 10 Gm /24 hr s found as

G /L. Xuﬂﬂ: (;I&[]ume X Tours 0f24mllcmon

5 The speafic gravity as measured and corrected for tempera
ture 1s then corrected for protein content by subtracung 0003 for
each Gm /100 cc (10 Gm /L) The value found 1s maxtmal non
protein urinary specific gravity

Sediment count —The count 1s done by enumeraton of the
formed elements of the sediment i a hemocytometer chamber
Acidification and concentration of urine ncident to the measure
ment of concentrating power tend to preserve the sediment (hyaline
casts dissolve mn alkaline and red cells 1 hypotonic unne) If for
any reason only the count is desired 1t may be done from a fresh
spectmen collected over any desited (3 6 12 hr) period In such
a case 1t 15 best 1o rinse out the collection bottle with formalin®
before the test

Place 10 cc of urine in an Addis sediment tube Centnifuge to
gether with the Addis Shevky tube used 1 proten estmation If
there 1s a heavy precipitate of salts, pour off the supernatant re
suspend the sediment 1n 0 9% salme and centrifuge agan for 10
mu 2t 1600 rpm

After centnifuging estunate from the volume of the sediment
the volume of supernatant 1n which 1t 1s to be suspended before
countng (cg 01 02 04 even 10 or more cc ) The suspenston
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is carchully made wih an applicar such Each chamber of 2
standard hemocyromerer 15 then flled with suspension

Cast Count Usder low, poner with the hight well cut dowa
all the Jarge fully enclosed ruled squares {the arca used 1 ® hue blood
cell counss) are searched for casts. The area seasched 15 18 sq ma
{953 mm. on ¢ach side of the hemocy tometer) The number of casts
counted 15 then divided by 18 10 ndicate the cast count/sq mm.
Casts are aoted as hyaline finely granular (this difference 15 more
2 matter of concentration and acidiry of unne than of chinical i
terest) coarsely granular cellular (red white epuhebial) pigraent
and renal fadure costs. 3 1o tavs ase found 10 the ™o sides the
bemacytomecer 15 freshly charged and the search fepeased. With
the sedument diluted 1@ 0.2 cc. and unae volume of S00 ¢¢ m 12
br absence of casts 1n 36 sg mm. of counung chamber surface
ndicates less than 2 700 casts/12 hr s¢., less than are usually sig
nficant.

Cett CouNt The cells casated ate red blood cefls and then
whue plus eptthelial cells sq hel 1 not counted,
The count 15 done under the high dry power with 1ncreased iifom
gation Tt 1s necessary to focus up and dewa by means of the micro-
«opess fine adjustment during the count because the cells do not
seule quc on the foor of the chamber 25 they do 1n blood coumts

The cells are counted 1n the centsal ruled squaces oa each side
of the herocy tometer (the areas used i1 red cell counts) The area
counted 55 25 mm Depending on utine volume 3¢ may be desira
ble 1o clean and rechacge the chambers with suspension so that
the area counnted 15 1ncreased untsd pathologic levels of rod or whute
cell excrenon are clearly absent. The cell count a each senes
disded by the area surveyed mdicates the red and whire plug
eprhelal cell count/sq mm

CALCULATION  The sediment excreuon 1 most easdy caleu
lazed by sefetence to Hines s nomogeaph (Big 17) The data feces
sary are volume of urine, hours of coltection, vobame m which
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f count
sedument was suspended and nucber of elements/sq mm. o

wg chamber floor Alternansely the following formula may be
used

unge vol 10 66 X 12, ¥

ol. of suspeasion  clements/sq mm.
hours of collecuon [

Results are expressed an units (casts red white plus cpithelial) per
12 hr

Interpretation —The P of the conc test 15
considered on pages 271 ff It 15 1mportant to make sure that the
patient has understood and complied with the imstrucuons and
that there 15 nesther receding edema (measurable by weighing be
fore and after flud restricuon) nor prolonged protun and salt
undernutsiuon (such as occurs duning the tice diet)  Although the
pittessin® tests ate not as crucal 1n differenniaung eatly farlure of

concentratng power such tests may be desirable 1 condiions
which invalidate or ¢ dicate the conc

test. In pavents
with coronary artery disease use of pituitary extract may be dan
gerous

The vpper lunit of normal protewnuna 15 taken as 02 Gm./24
fr Normal values in the sediment counts are bsted on page 268

TG 1 —To use the nomograph place 2 suwaightedge across two denip
narea scaies ntersecting them at i en values, and sead at the ntersecuon with
@ dhued wale 3 denved value The wales A D F and J wdude the onginal
data cbuained n the study of the urine The saales € E G and A Bive derned
daa Yo calculate the coust of the utiae sedument
! g&mg scales 4 and B obrain 2 value on sale C
stng the nealy fouad po ¢ on scale € 1o conaecuon with scale J rea
from s(,a()le’ Ll lS(dak ls apples 0 Dr Addis modified techaie for pto:ﬂ:
usnga 65 ml graduated centt foge tube For the ofginal
wbe dnde the obtained value by 7 ) el techn € uaing 3113 al
; &ms scales € and D tead from scale E
anece ag the obtuned potat on scale & with s
# sead fow sale G che values for the respectase formed e:l‘;:‘:::v.‘:nu o0 sale
1B
Formuulas for checlung € = ~5 G =1000CDF A =72 ¢)
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II UREA CLEARANCE

PRINCIPLE  This test measures the volume of blood whose urea
content 15 equivalent to that excreted mn urine i 1 min Utea 15
excreted by glomerular filtration 1nd partal whular reabsotption
Under suitable conditions the factor of reabsorpuon becomes rela
uvely constant, so that the significant varable measured by the
urea clearance 1s the rate of glomerular filtration

COLLLCTION OF URINE AND BLOOD

The pattent 1s told to tahe 2 glasses of water on rennng the
nght before the test and 2 more glasses at 7 and agam at § o clock
the morning of the test He need not fast The test period begins at
9 AM when the pauent 1s given another glass of water and voids,
emptying the bladder completely This spectmen 15 discarded and
the time noted to the nearest minute The pauent then les down
or rests quietly 1n a comfortable chair He vords again about 10
AM The tume 1s noted to the nearest minute and the specimen 1s
saved and marked Uy with the time of vording Blood 1s tahen from
a vemn (5 cc in oxalated or heparinized tbe avord ammonm
oxalate) or as 15 sometimes necessary m cluldren 02 cc from
finger foot or ear lobe (mucro method) The pauent 15 given an
other glass of water agan les or rests quietly for an hour The
ume of the last vording at abour 11 AM 15 noted to the nearest
munute and the specimen labeled U

It should be obvious that the hours given are suggestions only
and can be varied to suic the convenience of the patient and labora
tory The purpose 1s to secure adequate hydration before the test so
that the test 15 done under conditions of rapid steady rate of urine
flow For best results cach specimen should have a volume of 2 oz
or mote and the volume of the first should be equal to or greates
than that of the second If the volume of the first 1s constderably
less than that of the second indicating a rapidly rising rate of urine
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fow umne collection should be carned on for a third hour The
onignal first specunen can then be discarded and the second and
thurd sent for analysis In some condinons 1t 15 impracucable to
establish satsfactoty water dwresss (congestive heart failure hepauc
arrhosss acute glomerulonephritis) then the test must be done on
small volumes of unne The disadvantages of this are (1) the
fracuon of urea reabsorbed n the tubules 15 mcreased and (2)
ersors due to incomplete bladder empryng are exaggerated. When
such condscsons exist and when there 1s hnown to be residual unne
a single specimen should be collected by catheterization for 60~90
min

easurement of urea clearance 1n might unne has been advo
cated by Landis ‘The specimen 1s collected between the last voiding
before going to bed and the tme the patient comes to the labora
tory for blood sampling i the morning Advantages of the method
ate (1) the patient does not have to be at the hospital chimc or
faboratory during the usme coflecton (2) no specual hydration 15
necessary and (3) errors due to residual unne are muumized by
the relatisely large volume of unne Dusadsantages ace (1) the
test 15 done under conditions which usually establish a slow rate of
anne flow (less than 1 cc/mun ) so that the results are somewhat
lower than those obtained by the customary method (2) the ume
of urine collection 15 dcpendent on the pavents recollecuon (3
the blood urea concentration assumed to be constant dunng the
ume of collecuon may n fact vary appteciably n pauents with
renal disease (4) although the laboratory may rejoice 1n the re

duction of the number of urine urea analyses by 1 the possibibiy
of undetected error 15 automancally increased

PROCEDURE
The unne volume 15 measured and ¢

¢ volume of flow (cc/
min ) caleutated for each
dlied for anaigss ich specimen The unine 15 then appropriately
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URINE FLOW AND URINE DILUTION

URINE TLOow DILUTIO!
CC/MIN DrrutioN PROT;%}%RE’::I’:’?:;IOV
<02 11000
02-05 1750 135
05-10 1500 123
10-20 1250 113
2040 1 200 110
40-90 1100 15

Principle  The method suggested 1s a modification 1 parucu
lars of the method of Archubald Utea condenses with & 1sonstroso
propiophenone to yield a red color Under suitable conditions the
color yield 1s proportional to urea content, while the intetfering
substances 1n blood and urine do not contribute to a sensible error
The color 1s unstable to light Consequently 11 our modification 1t
1s developed 1n Corning Low Actintc test tubes, 1n which 1t 1s stable
for long persods

a} Protemn preciputation (Somogy:)

REAGENTS (1) 03N Ba(OH) (2) 5% ZnSO47H O The
solutions are adjusted so that 10 cc of the Ba(OH)- necutral
1zes 10 cc of the ZnSO4 soluton Titration 1s done dropwise with
phenolphthalein as mndicator The end pomt 1s a pmk color which
persssts for 1 min

ProcrDURES 1 Blood (macro 1/20 diution) To 15 cc of
water add 1 cc whole blood Mix and let stand unul hemolyzed
Add 2 cc of 03N Ba(OH) followed by 2 cc of ZnSOs solution
Stopper M by shaking Let stand for 10 mun Filter or centrifuge

2 Blood (mucro 1/50 dilution) To 9 cc of water 18 1 centr
fuge tube add 02 cc blood M and hemolyze Add 0% cc of
Ba(OH) solution and then 04 cc of ZnSO; solutton Stopper
Mix Letstand 10 min and centrifuge

3 Unne For protemn nich unnc add 1 cc of urne to 18 cc of
water and 1n successton 05 cc each of barum and zine solutrons
Mix and centrifuge The de proteinized supernatint 1s then diluted
appropniately (Table)
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b)Y Color deselopment

ReAGENTS. (1) Sulfuric phosphoric acid maxture concentrated
sulfuric aad 1 volume syrupy (85¢0) phosphonc aad 3 volumes,
sater | volume (2) & sonurasoptopiophenone 4 Gm reagent
1n 100 cc. of 957 alcohol

PROCEDURE. Piper a volume of filtrate or unne diluaon which
contuns about 002 mg urea N mto a Corning Low Acunic glass
test wbe (18X 150 mm ) This volume 15 about 3 cc. of 1 20
fltrate 1n normal bloods and correspondingly less i azotemic blood.
In mucro filirates 5 cc 15 used of the unne dilutions mdicated
the table 5 cc. 15 used, If less than 5 cc 15 added the volume 15
made up by addion of water

Next, 2dd 4 ¢¢ of sulfuric phosphonc 2ad mixture and mix by
upping the tube on the palm of the hand Then add 03 cc. of
the soluuon of ¥ sonitrosopropiophenone Mix

Stopper the tube firmly with a rubber stopper which has been
plerced wich tuch walled capillary wbing

Place the tube 1n a boiling constant fevel water bath for 90
oun
Cool 1n water at 25 C for at least 15 min
Read color density n an appropriate spectrophotometer The
apparatus we use 15 3 Coleman Junior Spectrophotometer Model
GA cusette 6302 waselength serung 540

UREA STANDARDS. These may be prepared from solutions con
tuning 02 04 and 06 mg urea N per 100 ¢c and run simultane
ously with the unhnowns Or values may be read from a calibration
curve When standard solutions are used, the concentraton of utea
N 1 the uahnown may be calcufated by referning 1o the standard
solution neatest 1 color density thus where D = color density

conc. of wnknown 6 ueea N D unknosn
conc of sandard ~ Dsandard
<o
%mﬁ%’s—m = mg. urea N/100 cc,
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CALCULATION ‘The basic formula for clearance calculation 1s
UV/B = C, where U 1s urinary concentratton 1a mg/cc, V, uniqe
volume (cc/min) and B, blood concentration 1 mg/cc The
product UV mdicates urmary excrenion 1o mg/min and the ratio
UV/B indicates the volume of blood equivalenc to thus excreton,
te, the volume of blood cleared of the substance in question
This formula applies to urea clearances when V is over the aug
mentatson limitavion, 2 cc./min (maximal clearance or Ca) When
V 15 ess than 2 cc/mm  urea clearance falls because of mncreased
urea reabsorption In this circumstance the clearance 15 caleulated
as U\/V/B and the datum 15 indicated as Co (standard clearance)
The correction obtained by using VV s arbitrary and does not
apply with precision in many conditons The setting of the aug
mentation lunit at 2 c¢ /mn 15 also empiric However these formu
latons suffice for chnucal purposes when results are expressed in
terms of per cent normal Normal maximal clearance 1s 75 cc/
min  Consequently, measured maxtmal clearance 1s reporeed as
Ca X %Q =CaX 133 per cent of normal Normal saandard
clearance 1s taken as 55 c¢¢ /mun so that the result of such a test
15 reported as Cs X 184=per cent pormal Advantages of
measurement of maximal rather than standard clearances are con
stdered 1n the text (p 277) When the pauents body size differs
significantly from the normal a correctton should be made by
muluplying the resule of the test by 173 and dividing by the
patients surface area calculated from hesghe and weight

III MEASUREMENT OF MANNITOL AND
P AMINOHIPPURATE PLASMA CLEARANCES
AND TnMran

COLLECTION OF URINE AND BLOOD
Patients are freely hydrated and of apprehensive are givea 03
Gm (1% gr) of seconal sodum® 1 hr before the test »s begun
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APPARATUS.

Catheter tray with plun rubber cathecers sad with 1 each 12 and 13 F
sk catheters wich Coude up

Bowl and senle saline 155 for bladder washing

Intavenous set 250 cc. saharsan flash with wbng, glass needle adaptor
and Murphy dop

Stenle pyrogen free saling or water 500 cc.

Tyanel damp for concralhiag rate of fow

20 gage needle for ntravenous dnp

22 gage needles for blood sampling

Hepanmuzed fasks for blood samples (each contans about 22 vauts of
hepann, te 02 cc of a water soluuon of hepann contumng

110 unus/cc. dried 1o the flask)

10 cc. syringes

ProcEpURE 1 Blood blank (Bo) Collect 10 cc of blood 1n
a syrnge through a 20 gage needle (for hematoent, mannitol and
PAH plasma blanks)

2 Prmung tafusion 15 started through the same aeedle This
solution 15 mtended 10 raise the plasma concentranons of PAH
and manatol rapidly w0 the desited levels It 15 made up 1 the
flash by muxing 50 < of 257 manniol 4 c¢ of 20° PAH Na
(sodmm p-amunohippurate) aod malung up © 100 cc with saline
or water It 15 run 10 at a rate of about 10 cc /oun. During this
ume the catheter 15 placed and anchored with adhesive

3 Sustuning anfusion As the primung mbusion approaches the
end of the flask the rate of flow 15 slowed to about 4 ¢¢ /min The
sustanung nfusion 15 mixed 10 the flask as the prming flows our.
{t contats 85 cc of mannsto! soluton 10 cc of PAH Na and 15
made up to 200 cc with saline or water It ss infused at 4 rate of
4 ¢c /oun

4 Ac the end of 5 mun of sustaiing 1nfusion the urine 15
: uh:m\\n from the bladder with a $0 cc synnge The bladder 15

nsed with 3 successive 50 cc poruons of saline ‘The last ninse 1s

expelled by injecung air and withdrawin
2 1t by suprapub:
This unine and the washings are discarded PRI pressre



378 ARTLRIAL HYPERTENSION

5 The first blood sample (10 cc ) 1s withdrawn about 4 mm
after the start of the urine collection

G The bladder 15 emptied at about 10 min  The tune of the
fast rinse 15 noted to the nearest quarter minute The spectmen 15
labeled Us

7 The sccond specimen of urine 15 collected as was the first
about 10 mun later Time s noted and the specimen labeled U

8 At about 4 mmn 1n the third period the second blood 15
collected

9 The third urtne 1s collected at about 10 mn n the third
period

10 The tubing 1s clamped ughtly just below the Murphy drip
A place near the needle adaptor 1s cleansed with alcohol and 50
cc of 209 soluton of PAH Na 1s injected nto the tubing 1n
about 5~7 min  The patient should be warned that he will feel 2
sensation of heat or a desire to expel flaus but that nothing more
untoward will occur

11 To the nfusion fluid remamning 1 the flash 15 added 36
cc of 205 solution of PAH Na the clamp 15 released and the flow
rate readjusted to about 4 cc /min Infusion 1s continued for 5 mmn
more

12 The bladder 1s agun washed out and unne plus washings
discarded

13 The third blood 1s collected at about 4 min

14 The fourth urine specimen s collected at about 10 min

15 ‘The fifth urme 1s collected at about 10 nun

16 ‘The fourth blood 1s collected at about 4 mun 1 the sl
urine period

17 The sinth unne 1s collected ar abour 10 min  This collec
ton ends the test The nfusion 1s discontnued and the cutheter
withdrann

On the record sheet which notes umes of urine and blood col
lecuions and the course of the test (pun difficulty i collecting
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urme, e ) shoutd alsa ba noted the paucnts blood pressure be
fore and twice dunng the procedure Height, weight blood urea
and plasma toral protewn content should be recorded on the same
sheet Doses of mannitol and PAH are suitably adjusted for major
abncrmatines of renal funcuon ot of body size
ANALYTIC PROCEDURES

1 Preparation of plasma filirations

&) Cadmuum flerate (Fupta and Inatake)

ReAGENTS. (1) CdSO¢ solunon 3467 Gm 3 CdSO8 H-O
1693 cc 1IN H SO, and water to 1 1. (2) 1IN NaOH

McThOD To 15 ¢ of water add 1 cc of plasma and 3 cc. of
CdSO, solution and mix Add 1 cc of 1IN NaOH Stopper Shake
filter or centnfuge

) Somogyt Ba Za filtrate 1/20 as described under urea method
applies equally well

2 Desermmation of mannsiod {Corcoran and Page)

Prnaple Mannito] 15 oxidized by persodic acid o yicld formuc
ad and formaldthyde Glucose ohthough attacked, yields bitle
formaldehyde The excess penodic acd 15 reduced by
stannous cnloride The formaldehyde yicld s &
nically by an adaptation of the method of MacFadyen

REAGENTS (1) Penodic acd reagent (DO3M m 025M
H 504

additron of
3 cal

2) Sunnous chlotde {prepared daily) Approximately 2 85
Gm reagent grade SnCl s dissolved 1 100 er. 25N HCl Tius
soluton 15 utrated agamst the KI04 and adjusted so thae 10 cc of
the stannous chlonde feagent 1s equivalent to 102 ¢¢ of perodic
acid reagent (starch 1odine indicator)
(3) Chromotropic acid reagent (prepared daily) To 02 Gm
pic aod (18 dihyd halene 3 6-disulfonic aced)
placed 1w 2 100 ¢ volumetnc flash 15 added 40 € water ta dis
solve it The teagent 15 made up 10 100 ¢¢ by adding 15M H SO«

h
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PROCLDURE  Place 20 cc of sample (filtrate or urine dilution
the Iitter usually 1/100 10 water or 1/50 if encretton 15 depressed)
m a rall test tube calibrated at 25 ¢ (e g Levs and Benedict
blood sugrr tubes) The sample should contain 05-30 mg man
nitol/100 ¢¢ To this add 05 cc of the KIOq reagent. Mon and
llow to stand for 8-10 muin Add 05 cc of the stannous chlonde
reagent Mix Add S e of the chromotropic acid from a free delw
ery refill burret or prpec Mix the contents by tapping them agamnst
the palm of the hand Place i a boiling wacer bath for 50 min

A reagent blank 1s sec up contining 2 cc of water plus te
agents

A plasma blank (oxrdized) s set up i the foregoing manner
from Bo

A phsma blank (unostdized) 1s set up from Bo In tus case the
stannous chloride 15 wdded first and the periodic 1cid reagent second

After the tubes have been heated they are cooled 1 ruaming
water pliced 1n a water bith ac 1bour 25 C and diluted to 25 ¢
with water The temperature 1s allowed to equiltbrate ar 25 C for
another 30 min

The color densittes 1re then determined 1n the Coleman Juntor
Spectrophotometer (6 300 or 6302 cwvetre wavelength 570)
Water standirds may be run sumultaneously with the unknowns
(05 1 2 4 mg mannitol/100 cc ) or the concentration may be
found by refercnce to a calibrauon curve

CarcuLaTioN Concentritions 1n urme are found directly by
reference to water standards or cabibration curve Plasma levels are
found by subtracting from the densities of the sumple the color
density of the unoxidized plasma blwnk The duference betwcen
oxidized 1nd unoatdized plasma blanhs 1s tahen as plisma manaitol
blank and this value 1s eapressed 1s manniol as 15 also the appar
ent mannieol content of the unhnowns The plasm mannito! blank
15 then subtracted from the unhnowns and the unknowns muln
phied by the dilution factor (usually 1/20) Thus f the density
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Afference berneen oxidized and unoxidized plasma blanks cqu‘:;lls
02 mg manniol/100 cc. and the apparent concentration 1N cf
1/20 fluate of By 15 23 mg/100 the true mannuo! content of

the filrate 15 21 mg /100 cc. and the manauo} content of the
plasma 42 mg /100 cc.

MANNITOL PAH PAH {Tm}

50
oy
3
™.

%
{

|

FLTERED 20, fma 04zrysma Wmgma
SECRETED Omg/me 136 mg/ma 8mg/ma
REAHSORZED 0mg/ma a__mg/ma Gmarmn
EXCRETED 120masm W mgsma R mg/mn
PLASIA 20ccime 700 cesmn 80 ces ma
CLEARANCE.

Fi6 18 —Duagrams 10 show priactples of mannicol asd PAH dleacance and
of Tm measurement The conventions used acc 3 m lar 10 those for soulin and
dodas (p 81) (Mod fied from Sharp and Dohme Scomipac™ ol 9
1947,

Plasma manmito! clearance is found as UV/B where Uss
unnary mannitol (mg/cc.} V volume of utine plus washings 1n
cc/min and B the plasma mannutol concentrauon 10 mg /e,
Since at usual rates of unne flow about 105 of filtrable mannuto!
1s reabsotbed in the tubules glomerular filtrauon rate (GFR) &5
esumated as the mannitol clearance X 1 1 Thus value s corrected
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for surface arca by multiplying 1t by 173 divided by the body sur
facensqg m

3 Determnation of p ammobippuric actd (PAH) and Toneim

Prnciple The p amino group s diazonzed and coupled with
the chromophore (1 naphthyl ethylenediamine) n the presence of
ammonium sulfamate The method 15 an adaptation of that used 1n
measunng sulfonamide drugs PAH clearance 1s therefore some
what inaccurate 1 patents receiving such medicauos In these
cases, diodrast® can be advantageously subsututed for PAH Dio
drast® rodine 15 measured by the method of Corcoran and Page

REAGENTS (1) Sodium nitrsee, 100 mg/100 cc  Prepared
every 3 days {2) Ammonum sulfamate, 500 mg/100 ¢c Pre
pared every 2 weehs (3) 12N hydrochloric aad  (4) N(1
naphthyl) ethylenediamine dihydrochlonide 100 mg /100 cc This
solution 15 stored 1n the refrigerator 1n a brown bottle

Procepurre To 10 cc of plasma filtrate or a dilution thereof,
or of diluted unne contmning about 0 15 mg PAH/100 cc add 2
cc of 12N HCl mm and add 1 cc of NaNO. reagent M Let
stand for 3~5 mmn Add 1 cc of ammontum sulfimate Mix Let
stand 3-5 min Add 1 cc of N(1 naphthyl) ethylenediammne diby
drochloride M and let stand 30 mn

The cofor densities are then read at 540 wavelength m 2 6 302
cuvetie A reagent blank 1s prepared from 10 c¢ of water plus the
above reagents A plasma blank ss also found for Bo Calculation
of concentrauion 1s made by reference to a curve prepared from a
stapdard solution of PAH acid

Tor plasma concentrations of 1bout 2 mg /100 cc 10 cc of
1/20 filtrate 1s used for concentrations of about 4 mg /100 cc 3
cc and so on The Tm plasma concentrations of about 50 mg /100
cc are measured by using 10 cc of a 1/25 water dilation of the
plasma filtration  For urine sumples 2 ¢ of 1/100 dilution of
urine 15 mde up 1 10 c¢ for analysts In the Tm periods the
1 100 dilutson is diluted 1/10 and 2 cc 1s used for analysis made
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wp 10 10 €¢ 1 the test rbe Dilunions are decseased w1 urme 3y
tenal funtua fals (estnated from blood ures N)

Catcuzamion Plasms PAH clearance at fow plasma concen
ation 15 calculated as UV/B and the esult corrected 10 173 5 m
body surface Undes most arcamseances this salue i equunaleat 0
reasl plasma flow Renal blood flow 15 calcufated as plasma PAH
clearance/ 1 — hematocrst,

As hugh concentranons the measurement desited 15 Tmras In
essence the calaulation consises @ subttacung from wnl manwe
unnary PAH the PAH conibuted by filtrauon. Qaly sbout 83%
of plasma PAH 1s filirable The remdual 177 15 bound to protein
Consequently fiftered PAH 15 calonlated as 083 X Pran X glomer
ulat filtranon rate Alternauvely

Tatpyp = Cpam— (083 X GER) Pyyyy
where Cean s PAH ple.ma clearance at hygh concentranons. This
value 15 then corrected for sutface area

In summary duwect ob.ervations made by these methods are

1 Besal blood fow (RBF) = Cran/} — hematocrir

2 Renal plasma flow (RPF) = Crag at low concenttations

3 Glomenular fiftranon rare (GFR) =C |, Couas tt ¢ Conspnat

X1t
4. Tow s = UVesn— 083 Pean GER
Detned values are
5 Filtsuon fracuon == GFR/RPF
6 RBF/Tmpss RPF/Tmeen
7 GFR/Tmesn
8 Renal ressseances

@) Overall Pa/RBF or (Pm~10)/RBF P s the mean

of the sysiolic and duastolic aveenal pressyses Pm—10 55 some

umes preferred as a closer ApPro™maton o mean arterial pressure
) Resistance per unte Tm ¢ g, P

P 8+ Pri/RBE/Trnpay or (Pm-—10)
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for surface area by muluplymg 1t by 173 divided by the body sur
face 1nsq m

3 Determmation of p ammobippuric actd (PAH) and T

Prnaple The p amio group 1s diazouzed and coupled with
the chromophore (1 naphthyl ethylenedramine) n the presence of
ammonium sulfamate The method 1s an adtptation of that used 1n
measuning sulfonamide drugs PAH clearance 1s therefore some
what waccurate 1n patents receving such medication In these
cases, diodrast® can be advantageously substituted for PAH Dio
drast® jodine 1s measured by the method of Corcoran and Page

REAGENTS (1) Sodium nitte 100 mg /100 cc  Prepared
every 3 days (2) Ammonwum sulfamate, 500 mg /100 cc Pre
pared every 2 weehs (3) 12N hydrochloric acd (4) N(1
naphthyl) ethylenediamine dihydrochloride 100 mg /100 cc This
solution 1s stored 1n the refrigerator 1n a brown bottle

PROCEDURE To 10 cc of plasma filtrate or 1 dilution thereof
or of diluted unine containing about 0 15 mg PAH/100 c¢ add 2
ce of 12N HCL, mm and add 1 cc of NaNO. reagent M Let
stand for 3-5 mun Add 1 cc of ammonum sulfamate Mix Let
stand 3-5 min Add 1 cc of N(1 naphthyl) ethylenedamune dihy
drochloride Mix and let stand 30 muin

‘The color densttics are then read at 540 wavelength in a 6 302
cuvette A reagent blank 1s prepared from 10 cc of water plus the
above reagents A plasma blank 1s also found for Bo Calculauon
of concentration 15 made by reference to a cutve prepared from 2
standard solution of PAH acid

Tor plasma concentrations of about 2 mg /100 cc 10 cc of
1/20 filtrate 1s used for concentraions of about 1 mg /100 cc 5
cc and soon The Tm plasma concentrauons of about 50 mg /100
cc are measured by using 10 cc of 2 1/25 water dilution of the
plasma filtravon For unne samples 2 cc of 1/100 dilution of
urine 1s made up © 10 cc for analysis In the Tm periods the
1 100 dilution 1s diluted 1/10 and 2 cc 15 used for analysis made



MANNITOL P AMINOHIPPURATE  ThMrall 383

up t0 10 cc. m the test wbe Diluuons are decreased n unne as
renal funcuon fails (estunated from blood urea N)

CALCULATION Plasma PAH clearance at low plasma concen
ration s calculated as UV/B and the resule corrected t0 1 73sq m.
body sutface. Under most arcumstances thus value 1s equvalent to
tenal plasma flow Renal blood flow 15 calculated as plasma PAH
clearance/1 — hematocnt.

At hgh concentratons the measurement desied 18 Tmeaxt In
esseace the calculation consists subtractng from total mnute
urinary PAH the PAH contnibuted by filtrauon. Only about 83
of plasma PAH 15 filtrable The residual 17% 15 bound to proten
Consequently filtered PAH 15 calculated as 0.83 X Pran X glomer
ulac filtration rate Alternanely

Tmpag = Cpan— (983 X GFR) Prag
where Cpan 1 PAH plasma clearance at hugh concentranons This
value s then corrected for sutface area.

In summary direct observations made by these methods are

1 Renal blood flow (RBF) = Cran/1 —hematocrit

2 Renal plasma flow (RPF) =Cian at low concentrations

3 (j(lomemlar filtration rate (GFR) =C o Catuon 1f ¢ Crasool

11

4 Tmran = UVran—083 Pran GFR

Derned values are
5 Fdtravon fraction = GFR/RPF

6 RBF/Tmeas RPF/Tmran
7 GFR/Tmisu

8 Renal resistances
o :;) Overall Pm/RBF or (Pm— 10)/RBF Pm 15 the mean
Ume: s);mlxc and diastolic arterial pressures Pm— 10 1s some
: )p(; erred a5 a closer approximation to mean artersal pressute
esistancy
PR eperunit Tm € g Pm/RBF/Tmpau or (Pm—10)
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¢) Localizanon of resistance (Lamport), 1e, Ra (afferent
tract resistance or resistance from aorta to the end of the glomerular
capillanies) and Ry (resistance 1n efferent tract) These resistances
may be calculated erther from the observed RBI or from RBF/
Tmran

Strict interpretation of the resistance formulas 1s probably fuule
However, they serve a purpose 1n that they 1ntegrate into the est
mate of renal function the level of arterial pressure
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Appendix 3 10w soDIUM DIET

TOTAL DAILY TOOD ALLOWANCE

2 servings fruie {from hst)
1 serving cereal (from list)
5 shces bread (unsalted)

6 squares butter (unsalted)
1 qt sale free milk

1 eg

To this may be added

1 slice bread or

2 servangs fresh frut or

2 servings beverage or

2 servings sweets (from list)

3 oz meat {from hist)

14 cup potato or rice

2 seryings vegetable (trom [ist}
2 servings dessert (from list)
3 tablespoons white sugar

SAMPLE MENU

Breakfast
V5 cup orange juice
1 cup coohed catmeal
2 slices salt free bread
Luncheon
1 poached egg
14 cup steamed rice
114 slices salt free bread
2 squares salt free butter
Dunner
3 oz broiled fresh fish
14 cup frozen asparagus
1 cup sliced tomatoes
1%% shices salt free bread

2 squares salt free butter
¥4 cup hiquid sale free milk
Black coffee

1 small baked agple
1 cup liquid salt free milk
1 serving dessert (from list)

1 serving dessert (from list)
2 squares sale free butcer
15 cup Liquid sale free mulk

Betueen meals Allowable additions (V4 cup 15 average serving)
Al fresh fruits (raw and cooked) and frui juces
Canned dued or frozen fruues and juices (unless label states that saft or

sodium benzoate has been added)

VLGETABLES
Lser agv 12 aup
All vegetables 1a the following list may be used with vinegar lemon juice
salad oils or any of the pernussible seasonings ta list of condiments

Fresi

Asparagus Beans green
Brussels sprouts  Cabbage

Com Cowpeas

Fadie Letwuce

Oksa Onions

Peas Potato

Ruce Soybeans

Tomatoes Turmps (white yellow)

386

Beans lima Broccol

Carrots. Caulifloner
Cucumber Eggplant
Macarom Mushrooms
Parsle} Parsnips
Pumphin Radishes
sngrmu Squash (all kinds)

Turnp leaves
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g Beans, grecn Brussels sprouts Caubidower
Corn

Did

Bass,nary  Sojbeant

MEeATS
Tsernogsdor tmxpuws 6 X3 4% 4
Mest may be fried 1 lard or unsalted vegetable fats oz ails.

Beef (fresh or frozen) Oysters {fresh)
Lamb (fresh or frozen) Chuclea (fresh)
Pork (fresh ot frozen) Duck

Rabbit (frrsh of frozen) Turkey

\adl {fresh or frozen) Quail

Fidh (fresh)

CEREALS
Larvog u L oop mktdmlmwpnpu!d

Badey pearled  Cornmeal Cracked wheat Fanoa phm
Tnsunt Ralston Maltex Qatmeal (mlled oats) Pettijobn
Buffed nce Puffed wheat  Ruce !edd(d th:n
Wheat germ Wheatena

BEVIRAGES

1gliss s 8 ox.
Apple nuce Coffee G nger ale Grape jue
Grapefrut yuice  Lemonade Orange juice Orange crush
Baspple juce  Posrra Prune juice

Tangenae quice

Esuned sl free 1k, plan or flavored wub unswectened chocolate
vanlla, caramnel fresh pineapple suawberry or banana.

DESSERTS
1wy og s b2 cop
Cosnstasch puddiags Fruit apioca puddin

Gelitn dessets e w d plun pelaun, fruts Ruce with frant and sogar

and yuices

SWEETS
Cand es should be made with white sugar and sal free milk.
Honey opcorn with syrup

Homermade candies Hershey s che
Homemade andics  Mes mamatades 7 OO TP

CONDIMENTS AND FLAVORING

Allspice Caraway Cumamon  Curey pond

Garl Ginger Lemo: powder
M;(: Musmd powdu Nue e m““ 1‘“‘:““ e

P:pper black ?ep red

Sugar white T‘,“"’“ white P:ppcrmmx exract
Vln Ua extract V Degar

W \l b
alnut exmract Sod um hze salt substruges™
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ARTERIAL H) PERTENSION

FATs
Crisco Spry
Lard Any unsalted pute food oil
MISCELLANEOUS TooDS
Unsalted nuts Unsalted popcorn

Low sodium caranay seed bread

BREAD SUBSTITUTES
Low sodium cinnamon roll

Special Passover or thin tea matzoth

Recipe for sals free bread

1%4 b flour 2 oz unsalted shortemng

245 oz sugar 1 pt water

1 oz yeast
Follow the method for ordinary bread Bake 10 400 F osen for 40 mun Y1eld is
2 Joaves

Sources of sodum to be arorded

1
2

w

EXVES

Salt

both at the table and in coohing and preparing food

Commerciatly processed toods 1n which salt has been added

a)

b) Ch

2]

Smohked salt cured and other processed meats such as ham bacon
salt pork sausages corned beef salt fish canned meats and fsh
bouillon cubes and meat extracts

cese

Pichled and spiced products such as olnes pickles catsup sauces,
sauerhraut salad dressings and prepared mustard

Canned vegetables and soups

Salted butter margarine peanut butter and cheese spreads

Celery beets beet greens hale dandelion mustard greens spinach
Celery salt onton salt garlic sale meat flavoning prepared horserad
1sh ‘Worcestershire sauce

Ocdinary bakery goods and crachers

Prepared ceteals other than those on cereal list

Al} other salted foods such as pretzels potato chips popcora salted
nuts most candies and candy bars commeraial jellies and jams

Soda products such as bahing soda baking powder self rising flours,
acluding pancahe biscmt mutfin and cake munes also various laxatives
and other remedies coataining  sales  (consule physican before takiag
any medication)

Beer and wines (consult physician before using any alccholic beverage)
Foods labeled salt free or salt restricted unless cheched with dictinan
Water which has been run through water softening equipment
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Aadoss 1a wremia, 290
Addis s 366 8

sediment count, 267 {

unisary conceatranon 271
Adreaal cortex

adenoma of cawsing Cush ngs sya

ome 43

wmo s, surgery for 46
Adrenaline 341

funcuon, 47
Adrenal medulla

denervavon cffect of 341

mmors of causing hypertension 46

and arter osclerouc hypertension, 39

and cerebral hemorthage 228

and caronary thrombosis 180

1a differentiaing Es;(snual and renal
hypertension,

effect E‘I’eon blood pressure 23

telanon to cold pressor test re-
sponse 3
Alcohol
effect n ang na pecrons 169

effect on blood pressure 20
nject ons for angina pecto 1s, 172
after myocardial nfarcuon 193
lise by hypertensies 101
A hyil ne
" 2hgina pector s for vasod tanon
10

for hypertensive
dose 240
fo nadequate coronay circulition

encephalopathy

o myocard al of reon 192

339

for patosysmal carduc dyspaca 223
for pulmonary edema, dose 219
suthdrawal, in cardiac neurosts 138

Aminopyune_for hypestcasine head

ache 244

Ammonum chlonde
sih diurencs, 220
for gestat onal edema 298
for sodum deprnvavon dose 359
for verugo dose 241

Amyul® (see also Sodium amyul®)
for 1nsomna, 103
shier myocardial tafarcuion, dose

Anesthesia, b gh spinal or caudal
effects on blood pressure 340 f
18 glomerulonephrius 32
for heart faslure complicauag myo-
<ardal infarcuon 195
renal hemodyoam cs of 257 §
10 toxemias of pregnancy 311
Aneurysm dissection
Angina pectons 1n hypertens oo 162

di gnosss 163 165 £ 174 §
siechanism, 164 £
ahter myocardal infarcuion 156
pamn i 164
Progaos s 173
treaument, 166
~asomotor and
anon 16
vasomotor reflex precip tanon 169
Ang ospasm cerebral 226
Aog otonases 233
Aogioonin 119 255
Asticoagulant therapy 199 f
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Anticoagulant thetapy (cont )
in cerebral thrombosis 235
1 myocardral infarction 190
n zhlrgagmncd coronary thrombosts

when contraindicated 191
Aorea
10 arteniosclerouc hypertension 39
coarctation of 40 ff
fluoroscopic study 150
hypertensive changes 1 125 f
rupture of 41
1n hypertension 126
spontaneous 199 f
Aphasmz za{tcr cercbral hemotrhage

Apoplexy 227 229
Atthythmias  complicaung myocardial
snfarction 194
Arterenol ® 19
Artertes (see also speafic arteries)
adaptation 1n hypertension 111
collaxjxial‘ 1 coarctation of aofta

control of advancing damage 142
increased resistance 10 hypercension
106 £

Arneriogram 42

Arterroles
ratio of wall to lumen 130
renal
renat collateral 264
reunal 10 glomerulonephris 32
senescence 109 132

Ancnolcss i hypertension 81 ff

11

cerebral 226
hustologie structure 107
increased resistance 108
muscular 129 f 132
renal 257
retinal comsttiction 27 82 f
senescence 132
Arteniosclesosts
cerebral 227 f
coronary 162
hypettensive 39
tenal 259 f
reunal hypertensive 27 81
Asthma cardiac 208
treatment
Atherosclerosts
aoruc 125

ARTERIAL HYPERTENSION

cerebral 225 f
coronary 116 f
thrombotic occlusion 1 177 €
diseases predisposing to 143
liped deposets 1 110 143 f
mechanism 110
of radial artery 128
renal 2
steain and 142
treatment 142 ff
Atropine
1n congestive heart failure dose 219
for myocardial infarcion 189
in threatened coronary thrombosis

Axis deviation  aboormal left with
veatttcutar hypertrophy 138 f
Azotema uremic 289
B
Benzodioxane test 48 f
Bleeding
for cerebral hemorthage 230
for congestive heart failure 218 1
for encephalopathy 239
Blood
collection of
for plasma clearance tests 376 &
for urea clearance test 372
picture 1n malignant hypertension
75

wansfuston for crculatory failure

Blood pressure arterial
1n aotuc rupture 200
basat o
after bleeding 218
conditions causing

changes 19 ff

differences 1n o arms 18 20
disclosure to paticar 146 f
diurnal vanations 20
factors influencing 15
10 hypertensive encephalopathy 236
normal 22 f
normal and hypertenstve mean 107
pulmonary 12i
readings

size of cuffs 16 18 21

standard method 16 f
response to cold pressor test 53 f
i thigh 21
transtent elevattons 60

moderate
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Blood pressure venous after bleed
e 218

Brachual antery 16
Bruo
edema, m hypcmnsm enceph
alopat
1 by nznsmn. 221 ff
wal ys‘:;tkre 388
[
Capillary zfngnlm' 1 hypereasion
33

Catboa d omude
denat, 1n wyocardial wfarcuon, 190
m.lulzuem for cerebral vasodila

Card ac deien o4
Card oradiography 193
Cardiospasm par in, 164
Ced lamud * for conpesnve heart fail
vie 216
Cerebral astenes
im bypertens oo, 223 £
scructure 224
Cerscal b effect on blood pressure
reading, 18
Chioral hydsate
for 1nsomaa, 103
altermyocardsal
Girculanion
acute farture 194
o cungesuue | b [adure 205

tafarcion  dase

sanescence 108 {
Codeme  for_hypestens ¢ headache
dose 44
Coffee
cestr ccom
W ch asd ¢ newoss 139
afier myocard 3l infarction 193
use by hypertenn s 102
Cold pressor test 57
hyperteosi € esponse 536 56
interpreution 35 £
normal response 52 53 f
1n prehype wension 62
after sympathectomy 340
o urolog ¢ disease 54 f
Con ers on hysicra 49
Convuls ons

391

dfferentanon 1a uremua 20d en
(ephzlopmhy 237

eclampue,

m hygenenme encephalopathy 236

jar.\snnnu 1 cerchral throrbosts,

fty muxne cetebral  hemorthage
teatment 2,
wemic managemeat 297 f
Coronaty artencs
atherosclesosts of 116 f
blood fiow through 112 £
mlhxeul channels, 114
ia hypererophuc heart, 122
insufficiency 113
phases of growth 116
small, and arterioles, 118
Coronaty arculation 112 £
Coronary disease latent, 159

Cotonary_insufficiency | bypertensine
160 173 8

acute 1:3 &
coronary fasluze 173

cleczacardiographic changes, 176
ucatment, 1/

Coronary «dus on 4 ferental diag
aesis, 1

Cushing s syn:lmme 3
Cylindruna 269
D
Dermanus  erythematous
e 324
Desoxycorticosterone 341
D «x on arterual pressute 44
al

from duo-

dxﬁexcnuzunn of tansent conds

von n myocardia) nfarction
fsom 197

hyperbpemia of treament, 143
1osulan xeslmnz. n Cushings syn
ome 43
Dicumarol® (see also Anucoagulant
v.hmpy) 10 prevent thrombo-

mbolsm dosage 191
n.em.pm: Syadrome. 64

cardsac,

in congestive heart lallmt 21
10 byperlpemia, 14 #

' snpios pecions, 167
212 8
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Diet (cont )

1n hypertenston 356 i 386

for hypopsoteinemia 303

Karrell 212

Rempner nce 361 f

Jow protemn in uremia 291

low sodum 386 £
for Cushings syndrome 45
for edema of pregnancy 298
evaluation 360
foods permutted 386G f
preparation 356 f 386 ff
salt free bread secipe 388
sample menu 386
sources of sodium to be avorded

ARTERIAL

388
for vertugo 241

HYPERTENSION

treatment 230
of congestive heare falture 206
dwisetics for 219 €
mechanism 209
fac1313 in toxemias of pregnancy
0

gestational 298
ongm of 303 ff
peripheral 210
pulmonaey 209
ammophyllme for 219
reunal 27 86 f
Elastic artenes
hypertensive changes 125 f
senescence 12
sttucture 123 f
Electrocardiogram 154 ff

with angina pectons 165
L 158 f

with coronagy nsufficiency 1/6

after myocardial nfarcnon 193 11 hypertension
thylstlbestral 1 ©
prevent toxemua 310
Digutalis

for cardiac hypertrophy 145
contramdicated with angmal 171
for heart failure 196 215 ff
signs of glucoside toxaty 217 €
withdrawal s cardiac neurosis 138
Digitoxin  for congestive hearr farl
ure dose 216
Diodrast®
for artetiography 42
renal excrenon of 280
10 toxemtas of pregnancy 302
Duuretics
for congesuve heart falure 219 f
with myocardial infarccon 195
toxic reactions to 221
Djyspnea
catdiac 69
oxygen therapy 222
paroxysmal 22
Cheyne Stokes breathing 208
m congestve heart failure 208 f
conunuous 209
at resc 208
Dizziness 242
thiocyanate for 322
E
Bdampsia (see also  Toxemuas of
Ppr gnancy) 296 299 £

Edema
of bramn 228 238

1n malignant syndrome 73
1a latent cotonary artety disease
1

9
leads standard and precordial 159
mechanism 154
1n myocardial infarction 183 f
Embolectomy pulmonary 197
{ism
cerebral 235
10 myocardial infascuon 183 196 £
sites of 190
prevention
with antcoagulanes 190
passive eaercise in
pulmonary 197
1n coronaty thrombosts 185
Emotion
and anginal attachs 168
nfluence on blood pressure 20
zensa%n fs)mpqom of hyperieasion
8

Encephalins antersunal 226
Encephalopathy
of eclamptagenic toxema 309
bypertensive 235 £
clintcal descruption 236 f
tecatment 238 £
Endocarditts  bacrerial
of aorta 41
Environment effect on blood pres
sure reading 21

1n coarctation
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Esgotamune
¢ brpectensine headaches, 243
for prosius dose 293
Erphrol tevvamerate for anginal at
tch, dose 141

Exece
efect on coronzry flow 113
influence on blood pressure 20
passne after myocardal anfarcuon
3

ulley 232 £
for chabiliauon_ after  cerebral
hemorrhage 237 £
Execase testfor lateat coronary dis-

ease
Eje changes 10 hypersension (see also
Reuna) 818

10 classiicat on of hyperteasion 27
i

1 malignant hypertension 74
Eyegrounds 1a byperreasion
antenovepous niching, 83
nges
an class ficacom 27
examunation of 81 f

F
Fem ral artery blood pressure read
mzs 1 24

Fetus efiecs of toxemia and hyper
ens on on 307 f 314
Bbrosis «nile 85 110 124 ¢

Flud

sestnce 00 of  n cardiac fa lure 215
Tenuon 10 pregnaacy 298
Fluorosopy cardioaoruc 148 f

G
Ganglionectomy  thoracic s)mpathet ¢
fof ang na pector s 1 2
Globulin, 255
Glomeruh ten |
ltrate
campasicn 752
fate and volume 251
filtr ton 250 f
raction formula for 383
relatson to_ urinary conceatra on
power 273
Slte fion rate
n eclampsia, 303
fo mula fo 383
nd wrea deatance 777
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tuncuon 250
sclerosis, <67
Gloerulonephnus 31 #

acute hypestensive hindings. 31 £

chroate, nephrotc phase 32

1ed cell count, 268

termnal diffesentiation from malig
nant hyperteasion 37 46 f

transson 1o essennal hypertension

7

Glomeruloxlezosis sntercapiilary 33
Glucose
infusion
for heart fallure 195
for hypertensine encephalopathy

23
for sequelae of eclumpr ¢ convul
sion 310
for uremic convuls ons 293
teabsorption of by kidney 237
uEnAfy measurement 367

hypertensive 68 242
urument, 243 §

mechanusm 247

eart

adaptatioa to hyperteas oo 111
acdoradogaphy 133
elecrocardiography 134 #
emonondl sigasheance of 136
fluoroscopy of techhuc 149 €
bypertrophuc, 121 § 143 £
\mprovement o Fice dier, 363
lefe ams devianon  elecurocard o
gnfhxc find ngs 138 £

cause of fadure 203
sze esumaton of 365

teleradiography of 151 ff

eare, by pestensise

apex bear, 119
mierpretaton 139

dagnosuc ads 142 148 &

tests of lareat coronary artery dis-
tawe 159

tatly examinzuon 139 £

i maligoant syndrome 74 §
oucput, 118

rate and sounds 140 f
wark

avgmentat on 11§ f
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Heart hypercensive (cont )
reduction of 1 infarction 192
Heart disease hypertensive 161
Hearr faiture
lefe 1n acute nephnius 32
in malignane syndrome 735
misdiagnosis 1n cardiac  neurosis

1
Heart failure congestve 202 ff
1 coarctation of aorta 41
evidences of 207 ff
mechanism 203 £
with myocardial infarcuon 195 f
cause of death 185 196
treatment 210 £
uremia with 289
Hemawmrtiz 1n hypertension 268
Hemsplegia effect on blood pressure
reading
Hemotrhage cerebral 227 &
1 coascrasson of aorta 41
differentiated from thrombosis 235
eyeground examunation in 88
1 malignant syadtome 75
retraning afeer 231 ff
with rupture 229
signs conducive o 229
treatment 230
surgical 231
Hepanin (see also Antcoagulant ther

apy

to prevent thromboembolism dos
age 191

o pﬂ;;n! toxemiz of pregnancy
3

Heredity 1n bypertension 56 f 67
of hypertensive personality 95
Hines s pomograph 370 f

Hippuran ¥ renal eacretion of 290
Histamine
for control of dizziness dose 242
test

for diencephalic syndrome 65
1n pheochromocyroma
Hyalhinization
arteriofar 129
ceteb al 227 f
rennal astenolar 83 &
Hyperadrenalinemsa  from pheochso
mocytoma
Hypercorpcoidism 47
Hypulxgzmm 1 atherosclerasts 113

ARTLRIAL HYPLRTENSION

Hyper nor adrenalism 46
Hypertensin 255
Hypertension
10 acute porphytia 50
from adrenal cortex adenomas 43
from adrenal medullary umors 46

aortic rupture complicating 199
artetroles 1n
muscular 129 &
rauo of wall to lumen 130
arteniosclerotc 39
capullary fragihity n 332
cardiac neurosss i 136
cardiovascular changes 195 £
classifications
concepts and cognomens 10 248
coronary _airculation 10 £
diet 1n" 356
effect on brain 224 ff
effect on cerebral artenes 224 §
elastc a terses in 125 £
electrocardiogram 1 154
headaches tn 243
heart sounds 140 f
heredity 1o 56 £
muscular attenies 1n 127 f
myocardial adaptatton to 120
myocardial efficiency in 122 f
personality changes 1a 68 f
post toxemsc 313
regime for patients 99
renal tnjury causing 34
sympathectomy for 336 f
transient differentiavon 59
treatment
kedney extrace 326 ff
low sodium diets 357 £
pirogen 328 £
uun 331 f
thiocyanace 319 &
viamun A 333
vitamuin E 334
vascutar abnormalices 111
Hypertension essenual
acceptance by pattent 98
classificanrons 28
<ourse 67
dietotherapy value 356
differentiation from _ artertoscleroue
hyperstension 40
differenuation from coarctation of
aorta 40
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fheraturia in 468
sensl changes, <64 £
senst failure 1 131 .81

80 &
phy cal examinanion (9
prophnlacuc wearment, 142
se0ad factors i 257 L, 760
eyeprovnd examinaucn 81 f
med cal wreatment, 318
mental discutbances, §9

ooset,
pessonality changes in 92
Fhases classifications 28 £
predisporuon o 37
10 pregaancy "96 &
psychogeness, 90
pulmonary 136
race i relaton w0 91
renal blood flow 251
renaf pacenchymal changes, 283
symptoms 66
vascular hyperreacuv ty o cold 53
Hypertension expesunental
action of Lidney exuacts n 326
senal, 253 £, 259
nephrecomy 1n 37
relat on 1o essequal hypertension
i

Hypertens on of bnown of attributable
n

of g1
of card ovascular ongn 39 §
dlass feation 76
of endoctine ongin 43 &
Qags ticat on 76
of nenvous ong o 49 |
renal 3t f
class Rcation 25
i dence 33
Hipettension mal gaant T\ &
angiotox ¢ facwor 131
artepiofar chaoges 151
class fiaton 26 28 f
dimcal picte k]
difle maton {om Elomerslone
phots 53 10 f
effect on brawn 228 [
clects of pyogens 318 €
elect ocardiogram in 159
expee mental 71
funduscop ¢ exam naton early 74

headaches of 744

urestua 10 287 288
urea cleatance test in pr‘ognnus. 28
creasion menopausa!
W rencen nemogtart 28 G 63
f

classihcation, 23
Hypertension 10 pregnancy 296
eficas D!n éu;s 302 1, 311
ongin, 30
reunal chaages 1 306 €
Hypestensne gurwure 103
Hypesthyrosdism difiereatiaion from
diencephatic syodsome 64
Hypestrophy
f:lem)lu 132
ardiac, 121 £
cause of heart fafure 03
digmaliaaon 1 145
esumauon of 139 385
Bucroscopic visualization 130
prevention 143
left ventculae w th left axis dem
anon 158
Hypoprotesnemia  1n  toxemus  of
pregnancy
Hypostheouna 272
Hypoteasion orthostar ¢ 340 353
Hypothyrodum 143

1

fnfarcion hemotthagic 10 bran 227

Infarction  myocardial  (sce  al
Theombous, coronary) 177

complicauons 193
convalescence 198
course 185
dagnasis 184
electrocardiographie, 183
dlﬁcxleguatcd from diabenc coma,
7

Proghosis, 186
wreatment, 187 §
hmamm’lz artery o hypertension
1
Insomnia  mana

gcement, 102

loukia renal filtanon of 28(; i
Tod d¢ for atherosclerosss 145

108 therapy sn urema 297
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Ischenia
1 cardiac hypertrophy
renal 257
Isosthenura 272 360

122

~
hempner nce dier 361
Kedaey excrace therapy 326 #
Kiedneys
blood flow
determination 383
“’gh drastic sodwm  restactton

0
after sympathectomy 339
1 toxema of pregnancy 303
endocrine
funcion 247 #
m Ztl}mmc glomerutonephnus
3

i Cushing s syndrome 14
axcretery 248 253
pressor endocthine 253 259
sodwum restricuon and 359 f
function tests {sce Tests)
plasma fow determinauon 383
wbules
foncnon 252 272
reabsorptive capacity 282
unilateral renal discase 35
vasculature
htdoeys an hspmensmn 247 ff
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malignant, 131
Ncrvous systerm
Sanges 0 acue posphyia, 49
ongim of hypertension 1 63
Neusosss, card a¢
Nwouae 2ad  fof verngo dose 241
Nurr tes
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shoulder after myocardul iafarc

3
P aminohippurate  plasma  clearance
deetm savon 38) §

Pap ennc

18 a0E 0 pector s for visodiauon

for Iypertens e  encephalopathy
dose 740 ephelopahy

o myocardal nfa cuon 189 Jo>
5 threatencd coronary thromb
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Puzessin® tese for latent cotonary ar
tery d sease 159
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fof unilateral renal disease 36 £
Nephuts

scute hypertension m 31 £

chwn}:; cold pressor  fesponse 5B



7
jaeed

LS ST
‘& dan s m e gorghset, 49

o g of hr\zm?m w, 63
\eutosd, Gt
otk 3ad for vemm, dust, 4L
Nimtes

o 30pma peauass, | 0 £

Jor m.bosm‘l,&#

 pheochromocyomas, 47
\wnoou enec oo biood presnee,

o
1ad coronary theozucus, 10
effect

LS,
< blood pressuse, 18 71
m\a&umphy 133

cececal pas w, 164
Ds:wrmsu fraz ehiocyanate, 373
Oubug

e (;n;(m\t bear falue o,
16
for pacorysmal cardix dyspoea, 2°3
Orygen theny
fos cenbd bamontage 136 §
congtsu ¢ beart fadute 7 1§
fof mysardul atarcucn, 199
P
Pua
of anguna pecsons, 164
cbese, 1 soruc ruptare 200
of coronary thrombos 1, 152
shouldes  afeer  myocard al afage
uoh 3§
Pam och ppu te phmu tlearane
deteem fat o
Papaver e

0 angna pector s for vasod Lnas,
X

encephalopachy
D myoacdl niscioa 189 197
 eucaed e cotonary (hmmhmu

rasod Jat on
hmun{:m; » hwcmmon 2

for ipeccensi ¢
LR

T of O
-
B man s T,
Faud 4kl TEL de amhiant
n o

e
Baren., byremmou € .
Py S -
Lot Lt wand  FETIE S
roE, et b

fue COATPL CBTamicfle de #
212t E7Adudl  Lodeeed T
1

L I

wse,

o
Per teal yaes 17 %
Pery taury
et 50w a1, TA
3 Coreeary tutermiataee, L
7 ve 12
Fhencrask i
for Car. i oo, W, f34
Aer S A ol LG, e
143

b proestan fasia, fA
Pheutoumag &4 458
Phueboroy b e
fof oo gst3e oot faoucm 2 ¢
for hean {oare USTphea A2 R
@ ab cigca, )
fof At ATVEAL KAfa wC  pRed, o
Prewnt rz: felaetor rarp ar
tery & .eae, V5
Plasew (ltuxh.z tesy 3 fF
Porphyna, aate 4) F
Paucum
<hb e
foe aerp s G yiar ag g
Catwial o dectan,
5 wiewia

fec et 201
de iy, 1n urem 2

H
s e el e, e
it
‘hmmu £ V70 enn 6 hrade
Preeclitgun 1 15 4



396
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after sympathectomy 339
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endecrine
function 247
in d;mmc glomerulonephris
32

1 Cushing s syndrome 44
excretory 248 253
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for myocardial nfarcnion 195
10 prevest sentrscular Abrillanon
1

Mannueol
for angnal atach dose 171
for cerebral hemorrhage 730
for Mypertensne  encaphalopathy
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Mecholyl® rest an suspecred pheochro
macy tontd
Menopause
hypertension of 77
wnsomnee durtng 10>
Mercuhydnn ¥ for dresis dose 220
Mercupurm ® wich low sodwm det
dose
Migrane 213
theacyanate for 322
Mk sodim poor 5%
Morphuine
1n congestive heare fulure 39
10 myocardial wnfarcnon 188
Muscular areeries 12 f
Myocardium 119 SF
adaptation o hypesteasiea 120
chcmxcgl changes 1n hears faduee
203

contracton 120 §

etficsency ta hsperceosion 122 f

wfagction 177

N

Narcoucs use 1n anainal artachs 171
Nepheecramy

tor hypertension 3~ €

for untlateral renal disease 36 1
Nepheitss

scute Iy persension 1w 31 f

chmnslt‘ cold pressor  response






308

Pregnancy
hypercension and 296 &
hwcmlgwn oniginaung  dunng

31

mdications  for termunation  wath
toxemua 311
renal pressor system i 306
toxermas  (sce Toxemias of preg
nancy)
Prehypertenston 28
dufferentiatron from vasomotor labit

ARTLRIAL HYPLRTENSION

Renal artenes 218 f
1 hypertension 261
Renin
Remin substrate 255
Rest
10 congestsve heast faluee 10 f
for hypertensives 100
Reuna
arteniosclerosis of 81
changes i glomerulonephnts, 3
edema of 27 & b6 f

my 6O F exudates 10 83 86
modification 38 pregaancy 297 hemorthages of 27 { 83 85
Procaine sgection  for h i gl 1 h 32
headache 244 Retnopathy

Protein urinal
Proteinuna 2
measurement technie 367 £

normal hmurs 371
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