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Preface

H anoLy 4 pat passes on which the physician be
he general practiioner ntermst surgeon or other spectal
1t 15 mot faced by a chmenl problem ansing from one of
the early or late consequences of coronary artery disease
Heart diseases today are the cluef causes of illness and
death and among them those resultng from sclerosis of
the coronary artertes ate the most frequent The progres
stwe agng of the population of the Uited States 1s contnb-
uting to a steady mcrease m the number of patients with
coronary artenosclerosis .

Clinweal & of cotonary & dates from
the paper of Herncl i 1912 Most of our Jnowledge of
diseases of the coronary artenes has been acquired dunng
the past 33 years indeed the past 10 years have witnessed
4 great broadenmg of our physiclogie pathologic and chin
1l concepts of these disorders Although the basic facts
about the chimeal pretute of coronary antenosdlerosis have
been mcorporated m the modern textbooks many of the

gmfeant data and mterp are still confined to the
penodied literature

In this

h H
graph we have

d to synth pres
ent knowledge of the coronary eirculation and sts disorders

and the effect of these disturbances on the heart Tt reflects
the chrucal expenence of the senior author with many
1
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thousinds of patients with coronary artery disease Climcal
phenomena are mterpreted in the hght of the physiology
of the coronary cirenlation and of the heart, and of the
pathology of the artenal and myocardial lesions Since
coronary arteriosclerosss 1s a chronic disorder whose evolu
tion my extend over many years or decades, we have
sought to present 1 panoramn of 1ts natural hstory

The book 15 designed as a useful tool for the practicing
physician, but the presentation 15 sufficiently detuled to
make 1t of interest to the cardiologist 1s well The bibhog
raphy of some 400 references, appearing as footnotes, lists
the most sigmficint contnibutions, provides sources for col
lateral reading and for verification of many statements No
attempt has been made to duplicate extensive bibliographies
that have been published 1n monographs devoted to special
problems 1n the field

We thank Dr Paul Klemperer and Dr Sadao Otam of
the Department of Pathology of Mount Sina Hosptal,
New York, the former for his courtesy n providing mate
nial for the depiction of pathologic matennl the latter for
his great help n selecting the specimens and 10 their pho
tography We are greatly indebted to Miss Mary Lorenc
medical artist on the staff of the New York Umversity Col
lege of Medicine, for the skilful drawing of I'igures 1 nd
2 and of two drigrams of the nerve supply of the heart, and
to Mrs Dons Boas for her punstaking work m preparng
the electrocardiograms for publication For didactic pur
poses many of the electrocardiograms have been retouched
to bring out fine lnes that otherwise would have been
ivisible in the reproductions We wish to ¢xpress our appre
cation to the publisher for hus constant encouragement and
whole hearted co operation



b e BT

@ w»

-

B o »

Table of Contents

“The Anatomy of the Coronary Vessels

The Embryology of the Coronany Vesscls

The Physiology of the Coronary Circulation

The Pathology of the Coronary Artenies and of the
TResultant Cardiae Lesions

The Pathogeness of Atherosclerosis

Coronary Axtery Occlusion

\Myocardial Infarchion

Cardiac Aneurysm

Cardiac Hypertrophy

Msocardial Fibrosis

The Action of Drugs on the Coronary Artenes

The Patient with Coronary Artery Sclerosis

Diseases Commonly Encountered wath Coronary
Arterv Sclerosis
Silent” Coronary Artery Selerosis

Electrocardhographic Evidence of Myocardial Damage
without Abnormal Physical Signs or Symptoms

Sudden Death without Antecedent Cardiac Symptoms

Angina Pectons

The Mechanism of Cardiac Pain

Precordial Pam Not Caused by Coronary Disease
Benign Heart Pam

Noncardiac Lemions Causing Pain Simulating Angna
Pectons

9

113
116
121
149
162

168



8 PRLFACE

thouswnds of patients with coronary artery disease Chmieal
phenomen are interpreted in the light of the physiology
of the coronary circulation and of the heart, and of the
pathology of the artenal wnd myocardial lesons Swce
coronary arteriosclerosis 1s 1 chrome disorder whose evolu
tion may extend over many years or decades, we have
sought to present 2 panorumn of 1ts natural history

The bool 15 designed as < useful tool for the practicing
physicinn, but the presentation 1s sufficiently detailed to
make 1t of mterest to the cardiologist as well The bibliog
raphy of some 400 references, appearmg s footnotes, hsts
the most significant contnbutions provides sources for col
lateral reading and for venfication of many statements No
attempt has been made to duplicate extensive bibhiographies
that have been pubhished m monographs devoted to spectal
problems 1 the field

We thank Dr Paul Rlemperer and Dr Sado Otant of
the Department of Pathology of Mount Smai Hospital,
New York, the former for his courtesy tn providing mnte
n) for the depiction of pathologic matenal the latter for
his great help m sclecting the specimens and 1n their pho
togriphy We are greatly indebted to Miss Mary Lorenc,
medical artsst on the staff of the New York Unnersity Col
lege of Medicine, for the shilful driwing of Igures 1 and
2 and of two diagrams of the nerve supply of the heart, and
to Mrs Dons Boas for her pumnstaking work in prepanng
the electrocardiograms for publication For dideetic pur
poses many of the electrocardiograms have been retouched
to bring out fine hnes that otherwise would huve been
mvisible 1n the reproductions We wish to express our appre
cration to the publisher for Ius constant encouragement nd
whole hearted co operation



P

o

-

E o

Table of Contents

The Anatomy of the Coronary Vessels

The Embryology of the Coromiry \ essels

The Phvsialogn of the Coronary Circulatian

The Pathology of the Coronary Attenes and of the
Resultant Cardsac Lesions

The Pathogenesis of Atherosclerons

Coronaty Artery Occlusion

Myocardial Infarction

Cardac Aneurysm

Carduc Hypertrophy

Alyocardial Fibrosis

The Action of Drugs on the Coronary Arteries

The Patient wath Coronary Astery Sclerosis

Diseases Commonly Encountered with Coronary
Artery Sclerosis

Sileat” Coronany Astety Sclerosis

e d phic Evidence of Myocardsal Damage
without Abnormal Phavsical Signs or Sympioms

Sudden Death without Antecedent Cardiae Symptoms
Angna Pectons

The Mechamsm of Cardiac Pain

Precordial Pain Not Caused by Coronary Disease
Benign Heart Pan

Noncardiae Lesions Causmg Pam Sunulating Angma
Pectons

1B
33
46

5
55
63
6
ki
kL]
50
81
o0

100
ns

ng
18
121
119
162
163

168



10 TABLE OF CONTENTS

11 Coronary Insufficiency 176
Without Myoeardial Infirction 178
With Myocardial Infarction 182

12 Coronary Artery Ocelusion and Myocardinl Infarcion 186
Occlusion without Myoeardial Infarction 187
Occlusion with Myocardial Infuction 188
Symptomatology—Spcerl Tertures 224
Prodromal Symptoms of Coronary Occlusion 230
Differentinl Diagnosis 236

13 The Late Results of Coronary Artery Sclerosis 242
Heart Faulure 242
Cardiac Hypertrophy 243
Left Ventriculwr Pulure 245
Arrhythmias 249
Crrdine Aneurysm 255

14 The Electrocirdiogram in Coronary Artery Disese 260
In Acute Myocardml Infarction 263
Patterns Confused with Myocardial Infarction 286
In Myocardinl Fibrosis 297

15 Treatment 310
Artenosclerosis 312
Genernl Management of the Patient 314
Angm Pectoris 322
Coron1ry Insufficiency 334
Coronary Thrombosis and Myocardil Infarction 337
Cardiac Irregularities 344
Treatment of Late Effects 351

16 Nonartcriosclerotic Diseases of the Coronury Arteries 360
17 The Patient with Corgnary Artery Disease m Industry 379
Index 387



—-

ook @12

@ oo =1 O

List of Wlustrations

Healed myocardial nfarct with aneurysm of septum
and mural thrombus in the aneurysmal sac

Anatomic chart showing course of coronary artenes

Sectton of large coronary artery of a 5% month fetus

Section of normal coronary artery

Section of normal medmm sized coronany artery of
man 62

Persistent embryontc siusoids in myocardium

Earlv atheromatous lesion m coronary artery

Coronary thrombosis i greatly narrowed artery

Coronary thrombosis due to erosion of atheromatous
plaque n thickened wall of coronary artery

Coronary thrombosis due to rupture of hemorhage
around an atherosclerotic plaque to greatly nar
rowed lumen

Gld coronary artery occlusion with organization and
vaseular recanalization

Acute snfarct of antenor wall and apex of left ventnicle

Intenventricular septum cut to show necross of myocar
dm followmng coronary thromboss

\lyocardial mfarct 3 hours old Microscopic section

Myocardial infarct 7 days old Microscopie section

Rupture of interventneular septum due to postenor
wall infarction

Rupture of antenor papillary muscle of left ventricle

n

frontispcee

16
29
31

31
42
62
64

Ia &

-1 =
©e

-1
I~

K]



10
n

13

14

15

16
17

TABLE OF CONTENTS

Coronary Insufficiency

Without Myocardial Infarction

With Myocardial Infarction

Coronary Artery Occlusion and Myocardial Infiretion
Occlusion without Myocardial Infarction

Occlusion with Myocarcdial Infarction
Symptomatology—Special Teatures

Prodromal Symptoms of Coronary Occlusion
Dufferentinl Diagnosis

The Late Results of Coronary Artery Sclerosis
Heart Failure

Cardine Hypertrophy

Left Ventricular Falure

Arrhythmias

Curdine Aneurvsm

The Electrocardiogram m Coronary Artery Discase
In Acute Myocardial Infarction

Patterns Confused with Mvocardial Infarction

In Myocardial Fibrosis

Treatment

Artenosclerosis

General Management of the Patient

Angina Pectoris

Coronary Insufficiency

Coronary Thrombosis and Myocardial Infirction
Cardiac Irregularities

Treatment of Late Lffects

Nonarteriosclerotic Diseases of the Coronary Arteries
The Pahent with Coronary Artery Disease 1n Industry

Index

176
178
182
186

188
224

322

360



57 Electrocardiogram

JIST OF ILLUSTRATIONS

Electrocardiogram  Left buadle branch block and

auncular fbnilaton
Roentgenogram  Cardiac aneurysm
Electrocardiogram  Cardise sneunsm
Roentgenogram  \ entrcular neurysm
Electrocardiogram ¥ entncular aneorysm
Electrocardiogram  Acute antenor wiret
Flectrocardiogram  Acute antenot wfaset
Electrocardiogram  Acute antenor wfaset
Electracsrdiogram Acute antenor infarct
Electrocsrdiogram  Acute antenor wfarct
El d Acute tateral mfarct
Electrocardiogram  Acute posterior infarct
Flectrocardiogram  Acute postcrior infaret

Flectrocardiogram  Acute posterior infarct with gant
T wares

Tlectrocardiogram
T waves

Electrocardiogram
heart bloch

Electrocardiogram
heart block

Acute postenior infarct with mant
Acute pasterior mfasct wath partinl
Acute postenior infarct with partial

Acute postenor infarct with partial
heart Block and W enchebach periods

Flectrocardiogram  Left bundle branch block

Electrocardiomram  Left bundle branch Block  with
upnght T wmes

Electrocardwgram  Tught bundle branch block

Electrocardiogram  Right bundle-branch block

Electiocardiogram  Tught bundle branch bloch. and
acute antenor nfarction

Electrocardiogram Right bundle branch block and
old postenor infarction

13

256
250
257
%5y
264
263
266
267
268
269
27

2

27

a7

207
8
218

g



26
27
28

29
30
81

32
33

34
35
36
87

38
39

LIST Or ILLUSTRATIONS
Aneurysm of antersor and septil wall of left ventnicle

filled with large, fibrn coated thrombus 77
Section through wll of denscly fibrotic eardiac an

eurysm ki
Diffuse myocardial fbrosis due to chromc coronary

msufficiency  Microscopie  section 79
Higher magmfication of scction m Iigure 20 79
Survival curves of patients with angma pectorss 110
Electrocardiograim  Right bundle branch block 115
Electrocardiogram  Acute coronmy msufficiency dur

mg attack of angina pectons 133
Electrocardiogrim  Acute coroniry msufficiency dur

mg attach of angina pectoris 134

Diagram of afferent fibers from hewt to spmal cord 150
Diagram of supposed mechamism of referred pun 158
Llectrocardiogram  Acute coronary insufficiency with
pattern of acute posterior infarction 179
Electrocardiogram  Acute coronary 1nsufliciency 180
Llectrocardiogtam  Acute coronary msufficiency 181
Electrocardiogram  Heart block with Stokes Adams
syncope due to ventreultwr stindstll 210 and 211
Electrocairdiogram  Complete heart block 212 and 218
Electrocardiogram Tught bundle brinch block s evt
dence of myocardial nfarction 215
Lffect on electrocardiogrim of interchange of left and
night arm electrodes
Normal electrocardiogram showng clevation of RS-T
segments 1n leads 2 ind 3 239
Llectrocardogram  Complete hicart black 249
Electrocardiogram  Paroxysmal aunculir tachyeirdin 250
Llectrocardiogram  Parovysmal ventriculir tachycardin 251
Electrocardiogram  Left bundle branch block aurc

oy e Mo bems maens] rmrsreslata bhanrt Bhlansl

238

Q!



CHAPTER 1

The Anatomy of the Coronary Vessels

CORONARY ARTERIES

e HEART 15 SUPPLIED by two Jurge artenes which
anse from the smuses of the two antenor cusps of the
aorhie vabe and 1 relation to the cusps are called respec
tnely the nght and left coronary artery *

Right coronary arfery —After ansing from the nght an
terior swws of Valsaha the nght coronary artery mmed
ately descends to the nght between the aorta and the base
of the pulmonary arterr emerging along the aunculoven
tncular suleus This 1t follows around the nght or acute,
margm of the heart to the postenor crux or point of junc
tion of the auncles ventnicles and nters entricular septum
posterrorly Beyond this pont 1t termmates m two or three
branches on the postertor surface of the left ventnele The
night coronary artery usually has five main branches

The first two branches anse antenorly and pass laterally
on the antenior surface of the nght ventnele gving off

short honzontal branches to the nght margm of the heart
and the left ventncle

Tandler ] Anatomse des Merzens (Jena Gustav Fischer 1918)
Gross L. The Blood Supply 1o the Heart (New York Paul B Hoeber Inc
{?ﬁx Spaltcholz W Dre Antenien der Herzwand (Lewpzig $ Hrzel

13
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The Antenior Descending Branch runs down the antenor
interventncular sulcus to the apet and terminates pos
tenorly one third of the way up the postenar mtenentricu
lor sulcus Along 1ts course 3t sends several small branches
laterally to the antenor swrface of the nght ventncle Tt
also gpves ise to two to four Tige margmal branches which
extend. diagonally toward the left heart border rounding
the latter and ending on the postenior surface of the left
entricle

The Left Circumfex Branch follows the aunculoyentncu
far sulcus to the left rounds the left or obtuse margmn of
the heart and ends halfs ay between the Jatter and the pos
tenor crux. Along 1ts course 1t usually gives off two to three
small left mormnal branches and postenorly, one to fire
small braoches to the left veatncle

Subdisions of the coronary arteries ~Subsequent divt
sions of the coronan artenes show no constant mdividual
patterns but grouped as a whole seem to follow certaip
rules The coronan artenes of the second and third orders
with the exception of the antenor and pasterior descending
artenes  distribute therr branches 1 2 crrcular manner 1n
relation to the ams of the heart They he just beneath the
ep\cmdu.\m’ supply 1t wth small twigs and gue off Jarger

b

perp which y the heart The
perpendicular branches supply the mjyocardium papliary
muscles and columnae cameae anastomose nchly and
finally arbonze beneath the endocardium

The antenor and postertor descending artenes have sec
ondary and tertiany branches sumnar to those just desenibed
In addition they supply the mterventneular septum with
branches that diatel it and
with each other comin

b4 from oppasite directions forming
aladder the rungs of which run parallel te the base of tha
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The third Irge branch anses at the nght margm of the
heart, runs along the margm and usually termmates near
the apex on the postertor surface of the nght entricle
Between the nght heart margim and the postenor crux

lelt corona y art

¢ cumflex b anch

a1t d s doagbranch

Fic 2 —Anatomuc chart showing course of coronry arteries

1 branch frequently anses which supplies the posterior
aspect of the nght ventricle

The last large division of the nght coroniry artery the
Postenior Descending Branch, leaves 1t near the posterior
crux and extends two thirds of the way down the posterior
terventricular suleus

Left coronary artery ~The left coronary artery anses from
the left anterior sinus of Valsalva proceeds directly an
tertor and bifurcates immediately beneath the left auricular
appendage nto 1ts tvo mamn branches
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tenor crut and supphes the postenor aspect of the lelt
ventncle In one third of all hearts the coronary astencs
are bolanced  relatnely equal 1 size with the postenor
descending branch ansing from the nght coronary artery
Tn the remamng group of hearts the left coronary astery 15
larger preponderant and extends past the postenor erut
ges off the pastenor d ding branch and supphes the
posterior wall of the nght ventncle

When the coronary artenes become diseased the prog
nosis 15 poorer af the tireulation 15 wnbatanced 1 for exam
ple there 15 an occlusion of a preponderant vessel the
remammng hypoplastie artens 15 often mcapable of compen
sating for the closed vessel

General dustribution of coronary arteries ~Considerng
the blood supply to the heart as a whole allowing for van
ations that may occur one may summanze the relatwe roles
of the coronary artencs as follows

In a balanced circulation the nght coronan artery sup
phes all of the nght ventncle with the exception of its left
antenior thd the right halt of the postenior portion of the
left ventncle and the postenar portion of the wmtersentnien
lar septum In addition 1t supphes the postenor papillany
muscle and portions of the antenor papllary muscle of the
nght ventnele and postenor papMan muscle of the it

sentricle It sends branches to both auncles and to most of
the newromuscular conduction ststem

The left coronary arters nourshes the left antenor third
of the nght ventnicle the anterior portian of the nterven
tncular septum and all of the left ventricle exeept the nght
half of 1ts postenor portion It also supphies the antenor
papllars muscle and portions of the postenior papillary
muscle of the left ventricle the antenor papllary muscle
of the nght ventricle and the left bundle branch of the
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heart One farly constant septal branch anses at the pos
tertor crux from the nght coronary artery, penetrates the
membranous septum, gives off small branches to the cor
onary sinus and then supphes the auriculoventnicular node
and the mam bundle of His Small branches from the an
terior descending branch of the left coronary artery supply
the nght bundle branch, whereas the left bundle branch
1s supplied abundantly with blood from both descending
branches The subdivisions of the septal branches are much
the same as those of the rest of the myocirdium

Blood supply to the auricles —The blood supply to the
auricles 1s less constant m pattern than that to the ven
tracles It 1s 1n large part made up of small branches pass
g directly upward from the circumflex coronary arteries
Gross described a branch which 1s farly constant and 1m
portant since 1t supples the sinoauriculir node It arses
immedrately after the ongin of the nght coronary artery
(sometimes the left coronary artery) and passes up over
the mterauncular septum, primarily supphmg the nght
aunicle and ending between the superior vena cava and
nght auncle around the sinonwunculr node

Coronary artery preponderance ~Normal vanations 1o
the size and distnibution of the maun coronary arteries are
frequent Since the termmnations of the nght and left cor
onary artentes 1re of necessity contiguous, 1 balance al
ways exists between them When one 1s larger than the
other, 1t 1s referred to 2s the preponderant coronary artery
On this basis three types of anatomic pattern have been
described ? The night coronary preponderant tyvpe 1s pres
ent m 50 per cent of all hearts In these the nght coronary
artery 1s larger than the left extends well beyond the pos

sSchlesinger M ] Relation of anatomic pattern to pathologic cond:
tions of the coronary attenes Arch Path 30 403 1940
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the septum and part of the left auncle It ongmates about
two thirds of the way down the anterior inteny entricular
sulcus From here st passes up the suleus parallel with the
antenor descending branch of the left coronary artery At
the base of the ventncles 1t courses left and follows the
coronary sulcus around the left heart margn and termsnates
1n the Jeft end of the coronary snus At sts junction with
the coronary smus 1s a set of semilunr valves referred to
as the valves of Vieussens Along 1ts course st recerves small
branches from the 1mtenventricular septum antenorly and
from the left auncle and both ventncles A large Left
Margmal Vem joins the great cardiac vemn as 1t passes
arourd the left margun of the heart

The Small Cardiac or Right Coronary  Vewn anses near
the acute margm of the heart and passes postenorly in the
coronary sulcus to jom the nght estrermty of the coronary
sinus A Right Margwnal Vein ascends the nght heart mar
gm and usually emphies into the small cardiac vemn It may
however empty directly nto the nght auncle In addition
the small cardiac vemn recenves small tnbutanes from the
nght auncle and nght ventncle

The Middle Cardiac Vem begins two thuds of the way
down the antenior nten entricular sulcus descends ta the
apex and then ascends the postenor mtenentnenlar sulens
to meet the coronary sinus near 1ts nght estrermty It re
cerves small tributanes from both ventricles and the pos
teror portion of the intersentncular septum
‘e:;n:;“ but constant venous tnbutary anses on the pos

pect of the left auncle It 15 referred to as the

Oblique Vemn of the Left Auncle It 15 mportant chiefly
as a vestigial remnant of the left duct of

Cuvier Rarely
it !;lil; persist s a functioning left superior vena cava (see
p D
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fourth hour of sleep and mises slightly before waking and then
abruptly after waking to a point equal to that of the firs hour of
sleep Drastolic pressure shows a like but Jesser change The fall 15
believed to be due largely to fall 1n pulse race

3 Duurnal vanauons The pressure nses gradually during the
day, reaching a maximum about 6 or 7 pM (1520 mm Hg nise),
then falltag during the nighe

4 Emotion Expressed or repressed emotron may cause large
rises 10 pressure, as every exammer must know

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

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

7 Difference 1n astenial pressure 1 two arms Differences may
be sigmificant and blood pressure should be measured 1n both arms
at the muual examipation Close adduction may increase and
hyperabduction decrease apparent systolic pressure Measurements
are best made with the arms abducted 45-90 degrees and for
comparson, in the same relative posstion

8 Menstruition and pregnancy Menstruatton does not appear
to have any significant effect on blood pressure Durning pregnancy

ly the artetsal falls from the fourth to the ninth

lunar month to rnsc ngmn 1 the tenth month It 15 usually normal
during the first week of the puerpenium

9 Consttpation This seems to have no effece It 15 of interest
that struning by mncreasing nerachoracic and mtrr abdominal pres
sure puts stress on the arteries of the 1ms legs and shin but the
more vital attertes of the thorax abdomen and central nervous
system arc pmteC(ed aganst the strun

10 Alcohol Bemng a vasodilator alcohol may cause some fall
10 blood pressure which 1s 1t umes severe during deep tntoxication

11 Tobacco In some persons smohing rasses pressute and in
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ment are more standardized bur on the whole they certanly ate
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)

Sysvouc DiasTOLIC

PRESSURE MM PRESURE Mu PULSE
AcE YA 1150 419 Cases) 160733 Cases) PRESILRE Mu
15 w0 19 1235 195 o
0 15 21 1242 805 437
1510 29 1213 813 430
30 10 34 1251 8§73 428
3510 39 1253 833 420
40 to 41 1264 840 44
45 0 49 1232 847 434
0 10 5% 1302 859 413
351059 1333 868 467
60 and over 1352 869 183

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

Svst
s v RN . T
3 20 594
i 926 617 309
3 a6 600 316
6 938 63s 303
; 879 632 227
H 930 596 334
o 97 €22 295
h 920 60 344
2 958 623 15
3 9 396 403
I 1040 632 408
I 1038 637 421
06 618 377
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by the patient thin when measured 1n the clinic by the physician
Twenty four per cent showed dmstolic readings 20 mm Hg or
more lower

16 Fever Arterial pressure may be ncreased during a chill
wheress fever 15 usually associated with decreased pressure which
may persist for a day or two after the fever has subsided The cluef
cause of the decrease 15 astenolr vasoddanon which m1y be so
extensive 15 1o mcrese renl blood flow by more than 100 per cent
(See pyrogen treatment p 328 )

17 Nutntion  Although as noted previously correction of
obestty by undernutrstion usually lowers pressure as does undernu
tnon 1 normal people an interesting trnsitory hy pertension was
observed under the specthic deficiencies prevatling 1o prison camps
of the Far Enst Its mechansm 1s obscuse and 1t does not pasallel
European experience, where in Lenngrad m 1942-43 hyperten
sion 15 supposed to have been frequently preciprrated n severe
form by re feeding, of the semustarved populace

Just 1s one mcrease of 1rtersal pressute does pot mean that
essent11] hypertenston 1s present or smmunent, so one o even sever)
observatons mn the normal range do not exclude 1t Blood pressure
vartes greaely even in the so called fixed stage of essentl hyper
tension Aymans expertence nd we can underscore 1t 1s dht the
more frequent the observauens the greter the fluctuations No
prent observed by him had fixed nonflucmaung hypertension
The dnstofic pressure flucturted propornonately 2s much s the
systolic

NORMAL ARTLRIAL PRESSURE

Despite the fluctuitions which so comsmonly occor 1 15 subl
posstble o trrve 1t an average figure which s cheally useful
Table 1 shows averige values for blood pressure readings from a
large group of msurance applicints Some wvestigators »ould find
thesc averages too hugh as they miy be »hen conditions of measure
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wide vanery of other mothid condiuons may play an important
pact 1n producing 1t thus drawing atenuion to the face thata patns
tahing search for the mechamsm by which the artenal pressure 1§
elevated 1s 2 necessary pate of the study of all panents with hyper
tenston. Often these undertying diseases are dible To aid
calling 1o mind thesr wide vanety the folloning mbulaton was
prepared

CLASSIFICATION OF HIPERTENSION
Renal

A Affecions of vessels
Anenosclerosts Vascular agomalies and obsurue
Artenys uons (embolism venous or
Panartenius nodosa artensal  thrombosis, aneurysm
Viscetal fupus erythematosus tumor )
Scleroderma
B Affections of patenchyma
Acute nephrius

Hypernephroma

Chronic nephnins Ectopia
Pyclonephrins Toxemia of pregnancy
Hydronephrosss A 3y lesions
Polyeysuc disease Renal stones
Amylodons ‘Hypogeness
Infarcts Dystopia
Tumorss

C. Affecucas of peninephisc srucmres
Penoephnng Retroperitaneal  masses causing
Tumers Ppressute on parenchyma
Hematoma Wilsas temor

D Affections of ureter

Obstruction  (petvis ureter Prelius

prostate urethra}
Cerebral

Increased intracramal pres  Anxiety srares
S;:;m(:zmm, tumor 18 Tesons of bran srem {ascending
o ton) pacalysss, pohomyelins)
hencephalic stmulanon Acute porphyna
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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
that pyelonephrius proutary basophibism, thymic rumors and a2
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coutse ‘The greatest diffculey of such schemes 1s that the effort to
sumphfy has often ted to use of madequate observagonal data A
second difficuley lies n the failuse © realize that the pauents in
one group may ndwidually show wide vanauons ta chew course as
aneuspected Ot wtercurtent factots CoMme IO play The grouping of
a patient which ends m the stmple phease  she belongs to group
D does not automatically brush anay the varuatons ard Vaganes
of individual courses and frequendly st not always pretends 1 more
than 15 actually hnown

heth and Wagener s method of grading 15 undoubtedly one of
the most useful avalable and has been widely employed. It should
be stressed again and aguin that this 15 not an euologse classificanon
as s ofcen cmplied ‘The follow g tabulauon shows the schema of
grading proposed by them.

Diest sE ARTERIOLAR DIsTASE Wity HYPERTENSION
(Keich and Wagener)

Group 1 Retinal changes constst of mald narrowing or mild scdero-
a1s of the artenoles. It 1s companble with good health for many years.
The biood ptessure 1s not excessively high and falls during sest.

Group 7 The changes 1n the reunal vessels are mote marked than
0 group 1 bur reunstss 15 not present The disease 15 more progressue
the blood pressute 1s higher and more sustained, bur general health is
£00d and cardiac and renal funcrson sanstatron

Group3  Anguospastic renmtis together wieth definie selecauc
changes i the arterioles occurs but edema of the disk 15 ot presen
The hypertension 15 high and sustained Akhoagh cagdiac and renal
function may be adequate someumes there are alters tans, as dv
cated by dy pnea on exertion, changes m the electrocardiogram and
ooceuna Nervonsness, headache vertigo and visua) discurbances may
occur Protetnuna and heraatuna may be preseat.

Group4  The important reunal alteranon 15 edema of the dusks,
'ﬂ\:}:c s dso marked spasuc and organsc narrowng of the arenoles
:\u df:ﬁusc retinrns Chataceest e spar provas ate fierousness, asrthensa
:;::": ;lg;‘; :::d“}‘; ‘é‘:\‘:‘ d‘?’b;f{)m)'spﬂe:\ on exeron and

ez, eybndeouna and 1
Brognoss 15 serios. i cells are usually presenc
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Cardsosascular
Heart farture Coarctatton of aorta
Arteriovenous fistula Polycythemia
Hearr block Atheromarosts
Endocrine
Pheochromocytoma Patureary basophdism{?)
Adrenal carctnoma Acromegaly
Adrenal hyperplasta{ ) Thymuc carcinoma
Chortonepitheltoma Hyperthy rordism
Adrenal like ovarian tumor Arrhenoblastoma
Cushing s syndrome Desoxy corticosterone
Unknowun
Essential hypertension Mahlignane hypertenston

It1s however an unpleasant teuth that the patients with hrown
or suspected causes for ther hypertension constitute only a2 small
percentige of those suffering, from artersal hypettension At least
90-95 per cent have the essential or malign1nt vartety

The classification of hypertension of known or suspected ofigin
mto endocrine cardiovascular renal 1nd nervous categortes his
been taken over with varying degrees of assurance into the classifica
ton of esscnuial and malignane hypertension In some cses the
search for mstrating factors 1 one or another of these areas his
altered the dingnosis from that of essential hypertension Sull with
present day methods crterra are not yet avulable which place
most pattents with finality 1 one group or another In our expen
ence pattents wiuh esseawal or maligaane hypertension seem to
have broadly similar patterns of disese more or less dectsively
modified from one patient to another by contributions from  for
example the endorrine glands or the nervous system A matter of
importance then 1s to develop criteria and sufficient chinical rcumen
to analyze and evluate these tnterlockiny, mnfluences

Fuologic classtfication being  the strice sense 1mpossible 1
creasing attention 15 being, grven methods of classthcation of essential
hypertension which eviluate the process i terms of severity and
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course The greatest difficulty of such schemes 1 that the effort 10
sunplify has often led to use of imadequate tbservavonal daw A
second difficulty lies 1 the faiture 1o realize that the patients in
one group may ndividually shown wide vanations In their course as
unsuspected o intescusrent factors come 1nto play The grouping of
a paveat ahuch ends 1n the simple phrase  she belongs to group
D does not automatcally brush away the varations and vagaries
of sndividual courses and frequendy (f not alnays pretends to more
than 15 acrnally hnown.

heith and Wagener s method of grading 15 undovbtedly one of
the yaost usebul avarlable and has been sidely emplojed Te should
be sressed again and agatn that ths 15 not an enologic classification
25 1 often implied The follow ing wbulation shows the schema of
grading proposed by them.

DIFFUSE ARTERIOLAR DISEASE %1TH HYPERTENSION
{henth and Waeener)

Ctoupl  Reuoal changes connist of mild nasrowing of mid sclerp
sis of the antenofes, It 13 compauble with good health for many years.
The blood pressure 1s not excessively high and falls dunng rest

Goup 2 The changes wn the retinal ves.els are mose marked than
w group 1 bue rennttis 1s Ao present The disease 153 mose progressne
th blood pressure 15 higher and more sustained bur general health 1s
good and cardiac and renal funcuion sausfactory

Croup3  Aagiospastic reunstis together suh definue sclesons
chasges 10 the acterioles occurs but edema of the disk 1s not present
The hypercension 15 tagh and sasned  Although cardine and repa)
B cton may be adequate somenmes there ase alterations, as inds
<ed by dyspnea on exertion changes 1n the electrocardiogram and
pocturia Nenausaess, headache verngo and visual dsscurbances may
occts Protesnuria and hematuna may be present

Groupd  The smporrant reunal alteration 15 edema of the disks
Theze o also marked spastic and orgamic narrowing of che areriofes
with diffuse retinress. Characrersstic SYLAPLOMS are nerouspess, asthena,
lt;:f wggh( headache visual disturbances dyspnea on exettion and
n i3 Proteinury;

Progaous 1 mm; :~ cylindruesa 203 red blood cells are usuafly peesent
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COMMENT ~—4 grading scheme such as tins has the disttace advan
tage of giving some notion of prognosis For example shsee years after
the first examination 20 per cent of the patients 1n group 1, 36 per
cent 1n gtoup 2 75 per cent i group 3 and 91 per cent s group
were dead

Thus methad depends chicfly on the state of the eyegrounds,
undoubtedly 2 wise chorce St harks back to the experience of most
climcians namely, that if one had to make a chosce among all the
mstruments of ¢ o the ophthaimoscope would be most
Tughly esteemed The grading obviously Incks precssion, which has
been sacrificed for sumplicaty

These 15 some question s to the vahdity of placing 50 much
stress on the occurrence of mpilledema It wifl be observed that
groups 3 and 1 are divided by che presence ot absence of this sign
We believe that hemotrhage except 1 older people and scvere
hemorrhages and exudates at any age often are shorely followed by
papilledema  Thus when hemorthages and exudates occur the
pragoasts 15 sernous and 1t 1s only made a Jutle more so by the
appearance of papidiedema But more penetraung observations are
necessaty befate this point can be settded So while ophthalmoscopic
grading of severity has us usefulness physicrans must guard agamst
s nviting, simplaty

The classification of the phases of essental hypertension that
we propose 15 based on our interpretation of the nacural history of
the disease It 15 formed 1n such 3 way that a wetm may be apphed
which will 10 a measure charactetize all aspects of the disese
which may be disrovered duning the (xamination Table 3 shows
our gﬂ)\,\plng

TABLY 3 —CLASITICATION OF THF PHASES OF
EsSPNTIAT HiPERTENSION

A Prehypertension (p 60)
B Neutogenic 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 P of the synd of mal

hyp But thus p 18 not b

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
Pnhypmms{::

T\cu:ogem: hypertension

_gmbhshnd essential hypertension

\ ¥
Malignant hypertensioll_ ~~

= ™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 n group 3 and 94 per ceat in group 4
were dead

Thts method depends chiefly on the state of the eyegrounds,
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 simplicty

There 15 some question as to the validity of placing so much
stress on the occurrence 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 examination 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 artenal hypertension we bave pro-
posed (p 25) deals wath five categones of disease 10 four of which
the nature of the ailment 15 evther hnown or suspected. Essentual
hypercension, the remaming category 15 a disease of unbknown
ongin Into 1t enter consurutional psychologic and pathophyst
dlogic factors none of which can be defined wath preaision This
disease forms the subject marter of this book Hypestension of
fnown ongn does not. Bur since the diagnosss of essental hyper
tension depends on exclusion of theee other less common forms of
arcenal hypertension thus field to0 st pass 1 bref review

1 RENAL HYPLRTENSION

Gl ] i

—-Artersal hyp systolic and duastol
finding at some ume 1n the course of acute
and chronic glomerulonephritss In acute nephtitis the onser of
hypertension 15 often abrupt and severe with a tendency toward
acute left ventricular fulute There are generalized edema pallor

protetnutia hemawuna and cyhndruena, The renal funcuonal pat
tn s essentially one of decreased

Yrer EVermonm o b

P
1c 15 almost a constant

glomerular filtravon with a

N
!

'~
>

Iz
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trauon As the termanad phase 15 approached wubular secetory
capacaty dururushes rapidly and to {evels well below those seen 1n

1 hyp Diff from the larter condsuon 18
aded by studtes of renal Funcuon 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 glomeruloscletosis asso-
aated with diabetes ts sumlar o that of chronic glomerulonephrits

Pyelonephritse —Pyelonephritss 15 the most common renal dis-
ease 1f we except tenal injury due to arterio- and aneniolosclerosts
Raaschon found pyelonephnits 1n 56 per cent of autopues 1 3
general hospreal and showed that st accounted for 58 pet cent of
the deaths 1n urepma No anatomic contsibutory cawse of the
fection could be found 18 one third of the cases The problem s
thercfore not exclusively wrologic but one of important general
interest 10 a condition which 15 too often vnrecognized

‘What 1s 1ts refauon to hypertension® Most artenisl 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 13 1t logical to
conclnde that pyelonephntis has nothtng to do with hypertension
while admitung that glomerlonephnius does and shile achnon!
edging the establish of perinephrins as an tv sansfac
fory means of producing expetimental hypettension? Or 15 1t berter
© Jump 1 the other direcuon and conclude as some hase that
chroatc pyel h 15 the most

d of mahgnant hyp 2 Actually the tuth lres
betn.cen the means of these opposing viess

For example 1t should be recognized that nfection alone can
mask the presence of nuld hypertension so thag groupngs of blood

geneuc factor 1n the




32 ARTERIAL HYPLRTENSION

merular filtration per unit of secretory capacity The defect n fil
tration accounts in pait for edema sodmm retention and symptoms
of lefe heart farlure Decreased filtration 55 attrbutable largely to
lesions of the glomerular capillaries and 1o renal rersunal edema
and exudation, the extent to which spasm of arterioles parucipates
s unhnown Instances m which hypertenston and oligurit have
been relieved by high caudal anesthesta suggese thac vasomotor
spasm may be a factor mn the renal funcnonal pattern There may
be a neurogenic factor i the pertpheral vasospasm also Spasm
commonly segmental cin be seen 1n the retinal artertoles, 1lthough
these are somettmes obscured by edema Sedimentation rate 15 1n
crensed Fever, if present, 1s shight A history of recent upper respira
tory ot cutaneous infecuon can usually be elicited Dingnosts 1s not
usully difficult Treatment during the oligurra 1s based on limiting
flurd 1nd salt to the bsolute needs of replacement and on careful
digitalizanon should signs of cardic failure appear Magnesum
sulfate 15 used to relieve encephalopathy and 1n crises of left heart
fatture, oliguria or encephalopathy high caudl or spinal anesthesnn
has been recommended In general the treatment of 1cute nephriuts
1s sumlar to that of eclamptogenic toxema of pregnancy, which
process 1t resembles 1n many patticulars

The nephrotic phase of chronic glomerulonephtitis 15 charac
terized by edemx and massive protemnurin Hypertension 15 often
absent and 15 seldom severe However as glomerulonephritis 2d
vances edema recedes renal funcuon deteriorates nd the blood
pressure usually rises There are anemn? wethness and fangbidity
Uninary losses of sodim and potassrum may become excesstne The
retinal vessels show constriction and sclerosts With the approich
of uremia or the advance of wnemia exudates 1pper in the eye
grounds and are followed by hemorrhages The exudntes are com
monly more excensive 1nd the hemorrhages decper and less shirp
1a outline than those of malignant hypertension The renal func
tronal pactern 1s one of predomunant reducrion of glomerujar fif
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20 the family history Hypertension. especually when severe and
when 1t appears 10 persons under 45 who definitely do not have 2
famuly hustory of hypertension puts the probabtlinies about 3 1
favor of renal ofigin

“The creatment of bilatetal pyclonephrits begins with & seasch
far urologic defects When these ate srremedusble or not demonstra
ble the next step 15 0 stenlize the unnaty tract. In so doing treat
ment from its outset should be mmed st the immeduate and total
ensdication of all bacterwa 1 che kidney ussues Anubacterils and
anubioucs should therefore be used m full dose The choice of drug
should, when possible be made by culraral selecuon of the agent
to which the organism 1s most suscepuble Half measures zrd tn
adequite treatment are worse than useless since they merely creare
ressaant strains of organisms The agent chosen whether a sul
tonamude of an anubtotic should be gnven in full therapeunic dos
age from the outser. It 1 an expensive and someumes 4 dangerous
error to concinue treatment for too long a nme Persistence of a
positive urtne culrure under treatment iadicates esther an wmappro-
prate chowce of drug or the development of resistance 1n the organ
ssm1 The so-called unnary aptiseptics should not be relted on 1n
tus dangerous disease

Urdlateral renal disease —Pyelonephrius consurutes a large pro-
portion of unilateral renal lesions Thris assocranion weth hyperren
stot 15 analogous to that of pyelonep 10 that compil of
cases do not demonstrate an undue radence of hypertension
whereas teports of indsvidual cases establish a close associanon
Homw dlase dhus assocration 15 temains ynknown except In patients
@ whom unlateral nephrectomy results 1n cure of escablsshed hy et
sensive dsease A sttngene review by Homer Smuch of the avail
ey T
esseotsh hypertenson ‘L:n tequency of Spontancous remission in

el the elusive faceors whicl muate and
% tenal b are betrer unde ]

the approach
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pressures of pyelonephritis may not have the sigmificance 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 famdly history Hypercension especially when ssrere and
ohien 1t appears 1n pessons under 43 who definnely do not have 2
faguly hustory of hyp puts the probatal about 3 Lia
favor of renal ongin

“The treatment of bilateral pyefonephtus begins wath a seaech
fot uralogue defects When these ate wtemeduable or not demonstra
ble the next step is o stenilize the unnary trace. In 50 dong treat
ment from 15 outset should be aumed at the 1mmediate and totat
eradication of all bactena 1 the hudney ussues Anubactersals and
antbionics should therefore be used 1n full dose The choice of drug
should when possible be made by cultural selection of the agent
to which the organism 15 most suscepuble Half measures and in
adequate treatment ase worse than useless since they merely create
fesistant stratns of organssms The agent chosen whether 2 sul
fontmde of an antbiotic should be gren in tull therapeuts, dos
age from the outset. It (s an expenstie and sometimes a dangeraus
efsor 1o conttue treatment for wo long a ume Persistence of a
posune unne culeure under treatment sndicates esther an nappro-
prate chosce of drug or the development of resistance i the organ

5. The so-called unmary antisepuics should niot be relied on in
this dangerous disease

Usnlateraf rendl disease —Pyelonepherus consucutes a Jasge pro-
porcion of unslaseral renal lesions There assoctanon s ith hypecten

sion 15 analogous to that of pyelonephnus n that compil af

cxes do not demonstrate an undue incdence of hypertension
whereas reports of individual cases estabish 3 close ARINNON
How. close this assocrauon 15 remams onknown €XCept 10 patients
s hom unitateral nephrectormy results 1n cure of eseablished hyper
tensive diszase A stesngent teview by Homer Sruch of the avall
sble data mdicates 2 cure rare of aboue 20 per cent which 1s indys
putably greater thas the frequency of spontaneous temussion 10
essental hyperrnsion Unul the elusive factors which imtate 2nd
perperuate renal hypettension are berer urdesstood the approach
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to the problem of hypertension due to unilateral renal disease will
continue to be empiric

It 1s nteresung to note that the concept of umlateral renal
disease as a cause of severe hypertension was based on clinscal
observauons which antedate the production of sausfactory expert
mental renal hypertension One of the earliest and most complete
descriptions 1 that by Ash Upmath who described a syndrome of
umlateral renal hypoplasia with deformity and recession of the renal
pelvss sometimes associated with other congenital defects and
more common 1n females, which gives rise to the syndrome of
malignant hypertension, usually during the adolescent period of
rapid growth

In a study (Rathiff ez al ) of 49 such patienes 17 had no symp
toms of disease of the unnary tract, 19 had umilateral chronic
pyelonephrius which 10 eight was assoctated with renal hypoplasta
Eleven showed hydronephrosis and four tuberculosis Relief of
hypertension followed nephrectomy n 17 (35 per cent) In the
whole group of hypertensne patients from which these 49 were
drawn by rouune urologic survey about 5 per cent showed urnary
abnormalities half of which were amenable to nephrectomy Thus
the probabihity of successful tteatment based on careful routine
urologic study of hypertenstve patients hies between 1 1n 100 and
110200

Expense 1s 4 large factor when the odds are so heavily against
the patients obtarnng telief from urologic examnations Pauents
must therefore be screened 1n some way before entering on 1 full
urinary survey The simplest and cheapest as well as the most
effecuve methods for such selection are intravenous vrogeaphy and
study of the urinary sediment and culture When these mdicate the
presence of uailateral renal disease 1 more serching study 1s clearly
1n order And when definite evidence of umilateral rennl diserse has
been obtained the probabrlity of 1 renal onigin of the associited
hypertension must sull be estmated from Phes criteria of age
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severny 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 connection an ymportant principle 15 derrved from am
mal exp Nep y of the offend
with i tenal hyp

kidney 1n dogs
causes prompt 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
IS h d 10 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

tomized rats
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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 15 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 te
sulted 1n a cure which has persisted for four years The decision o
operate was made despite the duration of the hypertenston because
she showed no evidences of loss of vascular adiptation 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 1n the
other hidney long duration of hypertension age over 45 and pres
ence of artertal and arteriolar sclerosis contramdicate 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 disease 1s definitely unilateral whose
other kidney 15 hypertrophied and who do not show any evidences
of vascular senescence In this connection it 1s important thae the
acute destructive lesions of retnopathy i the mahgnant syndrome
are not interpreted s duc to artersolar sclerosts and as contrundica
tons
In summaty the careful scarch for patients who can be relieved
by operation 1s worth while After all a cure rate of even 1 200
1s an achievement 1n unselected cases of severe hypertension and 10
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properly selected cases a rate of 1115 or better can be expetted
The fsbulous clms of enthusists of the eatly 19405 have been
countered by the searching analyses of the more pessimisuc and as
balance has been reached nephrecromy has come to assume sts
proper pcrspem\e N rEAtMEnt

1l HYPERTENSION OF CARDIOVASCULAR ORIGIN

Astersosclerotsc  hypertention —Arnteniosclerouc by pertension
consssts 1n an increase of arteral pressute predomnately and some
umes exclusively of systolic pressure »huch 15 due 1 Joss of el
nctty of the sorta Its mechanssm 15 discussed elsenhere (p 124)
Breefly stated failure of the elastic artenies to strerch to accommo-
date the thrust of blood duning svstale causes the systohic pressure
o rse Since the run-off of blood 1 diastole 15 not usually cheched
by any conssderable increase 1 persphers! resistance as 1¢ 50 es
seatial hypertension  diastolic pressure may be normal or even
decreased In some patients the condition occurs 10 a mixed form
1 association sth increased perspheral resistance 2nd midd essen
ua! hyperension

Typrcally the condiuon has 1ts onset 1 men at about age SO
and 1n women about a decade later It does not of nself cause
syproms However since 1t 1 evidence of arteral semescence
115 associated with 1acreased wncrdences of coronaey artery disease
1 women and of renal artenosclerosss and cerebral acadents 1n
bath sexes “These complications are less commen than they are
the muxed form of systolic dustolic arrenosclerotc plus essental
bypertension (Zeman and Schwarez) and m essential hypertension
in fact were 1t not for 1ts slow progeess tonard cerebral or renal
falure and occavonal abrupe complicatians the condition maght

i\)e( regtrded as benign s does heele €0 cut short the biblical term of
ute

It 1s mast often and most unfecessanly complicated by the
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hypettension are important factors in the selection of patients for
nephrectomy Age enters 1nto the pattern for two reasons One 15
that hypertension after age 45 1s much more probably essenual
than renal, the other 55 the fact thar sclerosis and artesial diserse
seem to proceed more rapidly i old vessels, so that even when a
renal onigin can be established 1t 1s unlikely that nephrectomy will
be of much avail Duration of hypertension 1s merely an ndex of
the probability of contralateral renal arteral disease The dectsion
1s sometimes based on srules of thumb which would deny operanon
after tno three or four years of established hypertenston However,
arternal disease rather than age or duration 1s the true limiting fac
tor We recall one woman—an exceptional case to be sure—nho
at 32 had had hypertension for 16 years as the result of healed unt
lateral renal tuberculosis Nephrectomy by Dr Chatles Higgins re
sulted 1n a cure which has persisted for four years The deciston to
opertte was made despite the duration of the hypertenston because
she showed no evidences of loss of vascular adaptation to hyper
tension 1n the reunal vessels heart and aorta or contralateral hidney
No stmple rule will guarantee a good result from nephrectomy
A positive famuly history doubt as to the presence of disease 1n the
other kidney long durttion of hypertension age over 45 and pres
ence of arters1] and arterolar sclerosis contraindicate a nephrecromy
which 15 being considered on medical grounds Posttive indications
are less obvious They include severe hypertension of recent ongin
in young people whose renal disease 1s definitely 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 retinopathy 1n the malignant syndrome
are not miterpreted as due to artenolar sclerosss and as contraindica
tions
In summary the careful search for patients 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 iwfannle type of coarcraton commonly mohes the
whofe isthmvs of the soct tather than 2 small segment, a5 10 the
adule type It 15 much the more senous and 1ts vicums seldom Ine
mone than a few howss or days afier buth The aduls npe wuh
which we are concerned here consusts of constricuon of varying
degrees at, o more commonly just below the snsestion of the
ductus atteriosus or 1ts obluterated remnant the ligamentum
artegrosum, It 15 compatble with Lfe for many years When the
narrowing 15 severe 2nd collateral arculavon not wholly adequate
patients seldom Iive longer than 20-30 yeass Obviously the dif
fieuhy 10 prognosss 15 to deaide 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
fion of blood But there 1s added to this a 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 coarctation 15 usually due tn decreasing frequency
1 (1) congesuve heatt fadure {2) rapmre of the 2orta or hear
{3) cerebral hemogthage of (4) bactersal endocardins The signs
and symptoms of the anomaly especrally of 1t 15 mild are aot chat
acteistic and 1t x5 not unusual for it 10 be discovered only at
secropsy But nhen the nartoning 15 of sufficient magnsrude many
pathognomome wigas appear Frst, systobic and diastolic hypesten
$10n appear m the wpper part of the body and often diastolic but
2:‘:;}:::\:; ?ﬂ:r:ef::;n ';hnexh;lo“er part. The femoral pulses ate
the dagnows s o(l‘::u msscd(bec:ges fred ot be grat 4nd sdeed

use they are not. The pulse wave

<onrours below the coarctation are flat smooth 2nd somewhat de
":sed( hfeéhnd there 1s development of collateral creantanon avoly
cg cfly the wernol mammary antercostal scapular and deep
Pigastnc artertes The first three of these vessel systems become

ditated often hypertrophred, and may be seen 2ad fefr, The well
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physicran who mistales this form of hypertenstve discase for true
essential hypertension He thus creates an iatrogenic hypertensine
neutosts which will shadow the pauents declinng years and per
haps lead hum nto a dreary round of diets dmgs doctoss and
worse True, the aorta may be dilated and tortous the fundal
artenioles sclerouc and the patents cardiac and renal functions be
low normal standards for adult healthy people Bur since the dis
ease 15 relasvely benign and since the age in which 1t occurs 15
ordinnly one of decteasing vigor and accomplishment none of
tlus 1s very alarming In parncular the physician should recognize
the fact that the mechanism of this hypertension (a positise dis
proportion between cardisc outpur and soruic elasuciry) 15 such
that the pressure levels fluctuate widely This fact paradoxical as 1t
may seem that a hypertension due to mcreased ngidity of vessel
walls should be so fluctuant accounts for many mistaken and now
forgotten claims of therapeunc success It also pomnts the way t0
treatment

Treatment 15 directed at stabtlizing at a relauvely Jow level the
rate of cardiac ontput It 15 accomplished by rest 1n bed rest periods
during the day muld sedation reduction of excess weight (wathout
pressor amunes) and all the general measures of wider interests,
restful diversions and philosophic 1ntegration which result 1n a com
fortable and happy old age Treatment 1s difficult 18 patients whose
aortc flesh 1s weak while the spirie 15 sull strong and youthful In
some of these 1¢ 15 perhaps unfortunate that areerial pressure was
measured and a diagnosts of hy pertension ever made Sull 1t 15 only
a matter of logic and good hygiene that these to should let vp 1
bt from the drve of Iife and 1n so doing protect their aging vessels
from undue stramns

Coarctation of the avrta ~It 15 imporrant 10 differensnte coarc
tanon of the aorea from essenual and malignant hypertension be
cause the prognosss 1s often very different and especually becruse
surgical relief of coarctation 15 usually obtamable
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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
cortices the coruces may be hyperplastc wthour other lesions or
0 some patients no causal adrenal ar prrwary fesion can be sat
wfactondy demonstrated
me:‘:fl lpn\hc\ogx: rhyswology 1s much more vnidorm and consists

y 1 hypercortcardism The excessve producton 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 suttable candidates becuse of the extent of the anomly 1nd
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 appear to
e fsom 6 10 20 years Beyond 25 artenoscleronc changes in the
zora may make 1t subject 1o ruptute and ynsweable for anastomo-
sis After successfol operation hypertension may be completely te
fieved and signs and symptoms of congesuve {mture clear

Il HYPERTENSION OF ENDOCRINE ORIGIN

The adrendl contex Cushmy s syndrome and Cushing s disease
~—The term Cushings syndrome 15 applied whether the charac
tenstic syndrome 15 of adrenal or pitutary ongn The term Cush
10g s disease s restrceed to cases of basophilic tumor of the prow
tary The clinscal fearures of Custung s syndrome histed by Atbnght
ate (a) nsubn ceststant rather mild dizbetes (b) muscular weak
ness (o) osteoporosis especially of the spine () 2 thin shin
marhed by struae easily brussed and suscepuble o nfection (e) 1m
potence and amenorrhea () moderate obesity most mathed in the
face (g) muld hirsnusm (5 muld enythrocyoss and (1) hyper
tensicn The hypertension s often assoctated with relanvely sevete
nephroscleross (Table 4)  The assowauon of hypertension and
arteniovascufar disease with this condinon results 10 the considera
uon here of a condion which although uncommon 1 0 dramatie
25 10 be familiar to mort chincians

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

i endoctine physiology The basic pathology varres
ncef or adenoma of one adrenal cortex. sometimes of
l:“: ‘::“r:‘a‘y be a basophul adenoma of the puwiary 1a which case

y associated with bilateral hyperplasiz of the adrenal
cofuces the costies may be hyperplasue without other lessons or

in some patierts no causal adrenal ot prouttary lesion can be sat
ssfactonly demonstrated

0y
it may bea o

The pathologic physiology 1s much more uniform and consists
essentally 1 hypercorticardism The extessne production of the
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gluconeogenic adrenal sterords 15 believed to account for the dia
betes muscular weahness, osteoporosts and loss of shin ussue The
mechamism of the hy pertension 1s not 45 obvious except s 1t has 1ts
counterpart in the experimental hormonal (desoxycorticosterone)
hypertension of rats (Sclye) This association and the fact that
adrenal cortex function 1s 1n some way essenual to the maintenance
of expenimental renal hypertension may have a wider relevance to
the problem of chinscal essentral hypertension

Indeed, excessive dosage of desoxycotticosterone causes a sharp

TABLE 4 -—RENAL FUNCTION IN CUSHING S SYNDROME
1 PATIENT NUMDER

! T 2 3 4 E)
Renal blood flow* 687 495 518 446 463
Renal plasma fow® 374 271 295 201 278
Glomerular filtraon rate® | 77 7t 71 71+ 59+
my-; Mg 399 3224 | 278+ | 2674+ | 196+
Artenal pressure (Pm) 135 120 140 122

Tileration fraction 21 028 024 035 021
Renal blood flow/Tmy, ¢ 172 154 186 167 236
Glomerular filtration

rate/Tmy, ¢ 192 238 254 266 30
Resistance

Afferent 378 205 282 24%

Efferent 142 124 195 064

Total 520 333 477 312

Incc/1733q m/mn

increase 1n attersal pressure in some patents with Addison's disease
and 1n normal subjects as well as in hypertensive patients What
appears to be malignant hypertenston has thus been induced 1n a
few patients with Addison s disease

Selye and co workers hive shown that admunsteation of large
doses of desoxycorticosterone acetate to rats results i1 nephro
sclerosts hypertension and generalized severe arteral disease resem
bling panartenius The expenimental disewse 1s more readily est1b
lished 1n unmnephrectomized animals which are given 1 per cent
sodium chlonide in their drnking water Thus face which has been
confirmed and extended 1n detail by Masson i our hboratory s
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relared by Selye 0 a general concept of the iseases of adaptauor
It depends 10 part on the facg that admimstranon of a suspensio
of hyophulzed antenor piraary to rats fed high proten dee
also results n renal and artersal disease with some hypertension |
outlime 1t 15 proposed that msults to the boduly economy result !
adaptve sequences of prrwitary and adrenal atumny Wsh repeats
ot sustatnied stresses the mechamusm of adaptaton stichs as 1t we
1n bigh gear in the phase of resistance wath excess adrenal acts|
and an outpourmg of the desoxyc one Jike \!
cods 1e adrenal cortical b which act pred Ty
elecerafyte (Na, k) rocubolsm These ke desoxycorticosteror
are presumed to act 1o causing renal and extrarenal vascular ¢
ease and hy elictng and also the activity
me repal pressor system The advantges for reseasch of such
broad conceptual ouchine, are obwigus §f proof 1n decad of a ws
spread or even more localized clinieat appheation 15 lachang th
15 sull much m the concept whuch bears on the general problem
hyperspsive disease and most obviously on the cardiovasar
aspeces of Costung s syndrome
Duagnosss 15 made from the summanon of clinical fear
particwdacly of he first three noted above It may be confirme
o8t a5es by dernanstranon of high levels of vrinary and pla
corticasds and of a negative mutrogen balaace Some pauents n
rimonly those Wath adrenal turors shos hugh levels of uns
1 hetosterards The fusther diagnons becw een adrenal and piny
20d beeneen comor 2nd fyperples ss wsually & marter of g
Afficuley

Treatment 15 also factory ‘The pachophysiofogy of
disease 15 an inds for ad of 'Thxs
e aymn of imereasing protein ansboliss 56 25 to retard the kara
acuvity of e excess corr eords Sclyes expenments suggest‘
w myght be advisable © we 2 Jon sodum diet an
PICILATY OFIIn 2 diet 10T 3m sermemsn %

d 10 cas
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should be sought for nd eradicated with special precautions agunst
postoperttive hypocorticoidism due to  compensatory  atrophy of
the residual adrenal ussue Bilateral hemadrenalectomy has been
done 1 a few patients with bencficial results In constdering oper
ation one should remember that the katabolic aspect of the diseise
causes dcficient wound healing with resultant ncrease i post
operative morbidity and morealiey

The adrenal medulla  Pheochromocytoma—Funcuoning tu
mors of the pheochtome adrenal medullary tissue, of extra adrenal
medullary rests or of the organ of Zuckerkandl occur rarely Sull,
the ancreasing number of cases diagnosed and successfully treated
sndicate thae the condition 15 more common than 1s generally
thought Further since they ate the cause of one of the few wholly
remedrble forms of hypertension they should always be borne
n mnd

These tumors ate usually adenomas A few most of them ap
parently nonfuncuoning are carctnomas Aboue 10 per cent are
bilateral The pathologic physiology consists essentally in hyper
adrenalinemin and from recent studies probably hyper nor ad
renalsm  which causes fluctuant  episodic and hyperreactive
hypertenston  palpitation headaches hyperhidrosis anxtcty and
tremor Some eptsodes termumate 10 dphorests and vascular col
lapse They are precipieated by movement compression of the
abdomen exposure to cold or emotion and are sometimes sponta
neous The attacks are associated with hyperglycemia sometumes
with glycosutsa and with hypermetabolism Some patients show
increased levels of glomerular filtration rate and urea clearance

Continuous hypertension due to pheochromocytoma 1s less com
mon than the mtermuttent form The findings 1 these cases may
seem 1dentical with those of severe ¢ssenual hypertension The fre
quent presence of retinal hemorrhages and exudites may lead to the
diagnosts of malignant hypertension Because of this similanty
unsuspected 2drenal medullary tmors have been found in bout
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1 1n 200 panents dusng sympathectomy for essennal bypertension
Cahail has observed the change from remutzent to sustaned hyper
1eNSI0N 1N SOME €ASES

The mechanism of suscuned hypertension 1 not as obious as
that of the ntermittent gpe winch 1s exphicable as the cesule of
hyperadrenalinemsa ajone Howeser 1 has recently been shown that
the aoemal adrenal and at least some pheochromocytomas con
tan 1 addition €0 adrenaline nor adrenahine This ¢ d 15
behieved o be idencial wich sympatun E (exaitatory sympathin)
Tt differs Fram adrenalne ta that its effects on the vascator tree 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 continuous secretion would account for
sustained hypercension A farther possible mechansm of sustawed
hypertens oa bes 1n the face, demonstrated by Vogt and confirmed
by us that perhaps via pituicary hiberation of adrenocorticotrophsn
adrenaline precipitates liberation of excess adrenal cornical hormone
Since as discussed 1 the precedmg section hypercorticordism 15 a
cau ¢ of hypertensian and vascular disesse 33 well a5 of dinbeses
mellitus the adrenal cortex may parucipate in some of the mant
festations of medullary mumors

‘The possibility of pheochromocytoma should be suspected when
bypesiension wnsalin tesistant disbetes and hypesmensbohism com
ade especually 1n young peaple aad ta chuldten The condimon 15
more common n females In patients with typscal episodic cruses
the diagnosis can all bur be eseablished on chinseaf grounds Psycho
neutoss {neutocteeulatory asthenia) hyperthytordism and the hy
o) dospens ot gt e s e hoaght of

BAUSHC tests which confirm of negate

chimical mpressions are. listed 1 Table 5

The salest and probably the most specrfic of these tests 15 thar
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should be sought for and eradicated with special precautions agamst
postoperntive hypocorticordism due to  compensatory  atrophy of
the residual adrenal ussue Bilateral hemidrenalectomy has been
done 1 1 few patients with beneficial results In considering oper
tion, one should remember that the katabolic aspect of the disease
cwses deficient wound heiling with resultant increase i 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 increasing number of cses dignosed and successfully treated
sdicate that the conditton 15 more common than s generally
thought Further since they are the cause of one of the few wholly
remedinble forms of hypertension they should always be borne
1n mind

These tumors ate usually adenoms A few most of them ap
puently nonfunctioning are carcthomas About 10 per cent are
bilater1l The pathologic physiology consists essentially 1n hyper
adrenlinerua and from recent studies probably hyper nor ad
renalism  which causes fluctuant episodic 1nd  hyperreactive
hypertension palpitation  headaches hyperhidrosis anxiety and
tremor Some episodes terminate 1n diaphorests and vascular col
Inpse They are precipitated 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

Continuous hypertension due to pheochromocytomn is less com
mon than the wtermuttent form The findings n these cases may
seem 1dentical with those of severe essentil hypertension The fre
quent presence of retinal hemorthages and exudates may lead to the
diagnosis of malignant hypertension  Because of this similanity
unsuspected adrenal medullary tumors 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
ramor and by pressor fises followed by vascular collapse dunng
the op As a result, Op ity has been hugh al
thoagh imptenements n surgical techruc have decreased 1t 1n recent
years Localuation of the tumot 15 done by air insufflation foent
genograms when as 15 usual palpanon and pyelography gre no
e A transshdominal operavon stuch alfons visualization of
both adrenals 15 preferable to a lumbar inason Excesstve fises 1
pressuse can be controlled with benzodiotane The sharp drap 1n
pressure whuch follows remonval of the rumor should be countered
by intravenous mfuson of asterenol® or eptnephrine This field of
surgery demands special shill and expenence
Menopamal bypenennon (p 77)

IV HYPERTENSION OF NERVOUS ORIGIN

Acure porphyria—As an example of hypertension of nervous
ongmn acute porphyna serves dmitably It 15 a familal disease
characterzed by the excrenon in the unne of large amounes of
porphytins due to abnormality of pigment metabolism The path
ologic changes are found chueBly 1n the nervous system and constst
of depeneration of penpheral nerves th 3t

tersor and postertor horn cells Purkmye cell; of the cerel‘:ellum and
the corncal cells of the cerebrum

The climcal signs and symptoms are protean and may be di
wided toughly o four groups (1) Mental The patient appears
to suffer from conversion hystena If organic btain discase has al
ready occurted the psychoncwrone behaviur may be masked Be
eeen acacks the patients mental state may be quite normal
(2} Nervous with penipheral neunns and ascending myelins of
the Landry type loss of motac povet and paralyses usually incom
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with benzodioxane A positive response consists 1n a reduction of
artersal pressure to normal levels The value of the test 1s limited
because not 11l patients show hypertension 1t the ume of the test
The customary dosage 1s 10 mg per squate meter of body surface
and the typical response 1n essental hypertension 1s a shight rise 1
artertal pressure Tetracthylammonwum s also advocated because
of 1ts comparatve safety A posiive response consists 1n a sustauned
increase of arterrl pressure An undue nise of pressure can be
abolished by standing erect since the drug also causes orthostatic

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

EFFECT
SUBSTANCE AuUTHORS Dose MG o
PRESSURE
Histamine Roth and hvale 1945 003 (1v)| wncx
Mecholyl® Evans and Guarner: 1946 13 (sc)| mer
Epinephrine Mayock and Rose 1947 l (sc) none
Itructhylammomum L'\Due Munsan and Pack 1947 300 (1v ner
d Snyder Aranow 1947( ea 17 (xv) dect

hypotension Mecholyl ® which normally causes a transient drop n
artersal pressure provohes a sustained hyperreactive nise of tenston
n pattents with 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 tise 1n pressure 15 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 more of the tests should be used

Treatment consists n excision of the tumor In successful cases
1t 15 followed by complete relief from all symptoms Mild drabetes
persisted 1 a patient of Goldner also observed by us In some
patients the tumor 15 bilateral or there are other heterotrophic

d letel heref
completely s an

tumors fatlure to relieve the ¢
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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 mm Hg Hypertenstves shoned much greater fises the
mean beng 47 mm systolic and 34 mm duastolic. The response
1n the same sadwidual was quite constant from day to day 1n Hines s
early expenence He 15 now inchined to admut 3 wider amphinude
of vanation and to stress the smportance of changes n distolic
Ppressute 1n interpretation

Hines hos drawn some impottant theoretical conclustons from
tus thinksng about this test. They jusufy the closest consideration
at the same tme complete acceptance must be withheld vnnl for
thet proof 15 brought. He considers the cold pressot test an index
of vastufar reactviry Hyperteacuwity in hus opinion, 18 20 smpot
mot ewologic factor 1 essenual hypertension  Vascular hyper
reacuvity may occur as an inhented charactenstic of persons who
do ot have hyperiension As such 1t 15 believed commonly to
Teptesent an amtecedent ot jatent phase of essennsl hypenenson
The mass of data he has gathered leaves lirle doubr that hypet
reacttvity and hypertension are frequently associated The exact
degrec. and nature of the assocition remamn obscure Unul these
are eluadated, the use of the test for momentous decisions n an
wdiidual normal case 15 to be discouraged.

The effect of age on the reaction 1o cold has not been established.
Same evidence suggests that the inadence of hyperreaction may
increase with age 1f this becomes established 1z will be necessaty 1o
have diffecent sets of standards according 1o age Jevels For s
feason 1t would seem wise to withhold judgment on work 1n which
age groups ate compared indiscrinunately Doubtless this has Jed

%o some of the confusion 1n the results of varous 1 esugarors
There 18 no agreement 25 10 the exact nse 1n pressure which
« holoric b

gic hyp n Whether 1t s + 20/15
+30720 or +40/30 mm Hyg e e

mains to be determined If ¢hy
brouts of the test could be more accusatel .

y defined, the predicu
value might be gready improved. P "

¥ 4 20/15 15 accepted as the normal TeSponse approximarely



5 Tests Desxgnet] to Me'lsure
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BECAUSE OF the wide interest m and use of the cold pressor
test, 1t seems uscful to review briefly some of the bases of this test
Observations both clinical and experimental, long 1go suggested
that pressor responses 1n hypettensive pauents were greater than
norm1l Tor some sumuls this 18 probably true as we shail see, but
for others 1t 1s not No evidence 15 avalable to show why such
selectivity occurs

The vanious pressor stmuly, such s carbon dioxide snhalation
adrenalin,® pitressin,® exercise, etc, have been nvesugated but none
has proved more acceptable as a tool for mvesugation than e
water used 1n the test of Hines and Brown For this reason thus test
will be considered at length The examinauon begins by establish
ing a control blood pressute level (smportant 20-G0 minutes at
rest) and 15 done by immersing a hand up to the wrist 1n strred
sce water for one minute Blood pressure 1s measured 1n the other
arm every 30 seconds for the first minute, then every two minutes
untl the inital level s reached

Hines and Brown divided people with normal blood pressure
nto two groups (1) normal hyporeactors 1n whom the fise 1n
pressure was less than 20 mm Hg systolic and 15 mm  duastolic
and (2) normal byperreactors 1n whom the response was greater

52
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s Ide dufference 1a the proporuon of patients 1th high mn;\(l’
blood pressure 10 this sertes and 1n 2 control sertes of pcr;ons \\“
ad 1o vrologic or renal discase Futther herediry seemed equally
tmportant a5 an muatng factor in the development of h)penrnl
sion assocuated wich renal disease and mn many cases of essentia
hypettension In short, they do not believe that renal discase 15 the
cause of essential hypertension but rather beleve that 1t occurs
with or without urofogic renal disease when wnherent factors pre
sumably hereditary measursble by the cold pressor test exert sheir
1nfluence

As wath surgery of the sympuhenc nenvous system the use af
the cold pressor test antedated a study of its mechanism On the
affereat side Wolf and Hardy have shown that st 15 elicited by 2
puntul sensation due 10 cold The efferent side has according to
Reser and Fers oo comp One 15 the date (one
minute response) newrogenic and may consise 19 splanchnie vaso-

canstriceon  the other delayed phase of the pressor response may
tepresent renal pressor sumulation

Agteement has sull 1o be reached on its standardized interpreta
uon To one factor the constancy of the test from day to dav we
have referred Some invesugators find 23 we do marked dwrnal
samability A second factor 15 the relatan berween the basal level
of arteral pressure and the response to cold So far 0o correlanon
1s established evcept thac 1n general the lower the control level
1 relation to casual observatons of pressure the greater the ce
sponse 10 both normal and hypertensive subjects This paradoxscal
abservation wndicates that the swundards of normal and hyperreac
tors may have to depend on thesr proportion to control pressure
Thid there seems to be only partsal agreement as to the numbcr
of Inperseactors i the general popufation It 15 smportant 1a ascer
tan this proporuan waith reasonable cerranty because of us beaning
on the incdence of hypertension Fimally 1t 15 somewhat surprising
o find that the cold pressor test and some of the other tests notably
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85 per cent of persons with normal blood pressure fall into the
hyporeactor group The remaming 15 per cent are hy perreactots
and may be expected to develop hypettension Whether this 1s true
or not will probably be answered by an extenste expeniment now
bemng conducted by Hines Foteshadowing the results is the obser
vaton that patients who exhibit an abnormal nise of pressure as
the result of the first examination by 1 physician are much more
Iikely 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
essenual hypertension 1n Atmy personnel who at the outset showed
ouly transttory elevations of arteral pressure The frequency with
which the hypertension became established as 1 disease ncreased
with age

The results from the cold pressor test 1n other investigators
hands has been somewhat varable Miller and Bruger found that
39 per cent of normal persons and 76 per cent of essential hyper
tenstves give hyperreacuve responses They made the interesting
statement that 1 hyperreacuve response 1n 1 patient with elevared
artern] pressure would exclude the possibility of the hypertension
being due to chronic renal diseise This confiems the observation
of Alxm 1nd Smirk that the cold pressor response 1n chronic ne
phritis with or without hypertension ss not mcreased Obsetvations
by members of our group do not confirm this application of the test
but do underhine the varabthty of the response 10 normotensive
and hypertensive subjects and 1n hypertensives of comparable disease
state

A study of Hines and Lander though not strictly comparable
has 1 bearing on these views In 261 patients 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 fow normal blood pressure re
gardless of the type or extent of the urologic ot renal lesion There
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to fack of care in defining what 15 meant by a “positive family tus
rory Indeed, the term 15 rarely defined 1n arncles dealing wth the
subject Observations cbtaned from hospral records are werghted
1n favar of posive histories 10 2 measute owing 10 the ashing of
leading, questions those obtamned for example durmg insurance
examunations tend toward the negauve because of the dewte to
conceal the unfavorable These ciscumstances alone f there were
not others guliate against obtaming 2 true answer o the problem

“There ate those who believe the famuly history 15 posinve in moss
cases of essentral hypertension Thus Hines found a posive famly
Tustory 1n 87 pet cent of 267 pavents with hypertension and wn 30
per cent of 608 normotensives The inadence of hypertension was
six umes greater among A group (1374 pauents) with posime
famyly hustones than among those with negause ones Of 300
Typentensive patients averaging 91 years of age 63 per cent had a
famuly hustory of cardiovascular disease compased wath 37 per cent
i a conuol growp (OHare Watker and Vichers) Farmbes i
wheh both pasents bad normal blood pressure had childeen
wha the sadence of hypertension was only 3 pet cent according
to Ayman. But hypertension occurred 1n 28 per cent of the chldren
with ene hypertensive parent and 45 per cent of the chuldren wuh
o hypertensive parents This evidence emphastzes the importance
of the hereduary factac

One fact 15 certunly established namely that there are famihes
who show an vnmsual pred o attesal hyp Yot
example one family has been observed 1n which both patents died

of cerebral bernorrhage and of therr 10 children aight had hyper
tension

While there are those who disagree with the observanon thag
there ts 3 tefavonship berseen the tesponse to the cold pressor test
2nd the famdy history of cardiovaseular renal disease a posttaye
famdly ustory 1 five tumes more frequent among normal hyperre
2crors than among the hyporeactors Further Hines has shown thae
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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 essential hypertension iself

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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As WE HAVE noted the finding of elevated blood pressure 15 not
suffcient ground on which to make the dagnosts of essential hyper
tenston Some chimicans probably rightly object to the term essen
ual hypertension but do not offer a sansfying equivalent nopethe
fess custom has so established and sanctioned 15 usage that 1t does
ot appear fikely to be changed The eatdier term hyperpiesia 1n
troduced by Clifford Alfbute has nor met with wide acceprance
Ore of the most elustve and troublesome problems that face the
physioan 1 the prognostic differentiation of patients aho exhibie
trapsenc hypertension ehiasted usually by emotonal sumulauon
1o the mo graups of those n whom the increase 1 arrenal pres
sure 15 an early manitestation of essential nephnine or artenoscle
rouc hypestension and those 40 whom 1t has no such sigruficance
Especully in chese days of health consciousness the number of
toutne physical done by p and by
emplayecs 15 constaatly 1ncteasing 2nd 10 the process this problem
becomes ever more criucal without losing much of s obscority
Nor can the sitwanon be mrer or either screnufic of mora)
grounds by snap judgments It should not be forgotten that once
the diagnosss of essentual or nephrine hypertension has been confi
desnly stated by 2 quatified reputable physician the parient may be
deprived of the beneyts of rasurance and may even be bacred from
making his ding at the level of s bughest skl On & more per
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10 both ewins and famuly groups the pressor response to cold follos
an inhented pattern s 1 dominnt charactenisie

Dcspite the appealing qualiies of the view that heredity play
a vital pare 1 the genesis of hypertension evidence to suppost |
h1s not been compelling A penetraung analysis of the problem
that of Platt Brefly stated his data, which should be extendec
accord with the view that essentil hypertension 1s 1 dominant tran
A posiuve famuly history 1 a patent wath hypertension suggest
witha 6 1 probabiltty, that the process 1s essential whereas a negs
uve famuly history wndicates with oaly 1 3 1 probabiliey the th
hypertension 1s secondiry due most often to renal diserse Muc
the same conclusion was reached 1n 1 study by Pl Sobye
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As WE HAVE noted, the finding of clevated blood pressure 15 not
sufficient ground on which to make the diagnosis of essenual hyper
tension Some chncians probably nghtly object to the term essen
tial bypertension but do not offer a sansfying equivalent nonethe
less custom has 50 established and sanctioned its usage that 1t does
not appear likely to be changed. The earlier term hyperpicsia 1
troduced by Chifford Allbucr, has not met with wide acceptance
Ore of the most elusive and trauhlesome problems that face the
physician 15 the prognostc differcntiation of patients who exhibit
tansient hypertension elicited usually by emouonal sumulauon
0 the two groups of these 1o Whom the ncrease 1 artenal pres
sute 1s an early mamfestation of essential nephnitic or artenoscle
rouc hypercension and those 1 whom 1t has no such sigmificance
Especially 10 these days of health consciousness the number of
touting. physical done by < and by
esmployers 15 constantly increasing and, n the process this problem
becomes ever moare cntical without losing much of s obscunity
Nor can the sumation be met on eiher screnufic o moral
grounds by snap pudgments It should not be forgoten that once
the diagnosis of essental or nephritic hypertension has been confi
dently stared by a qualified repueable physician the patient may be
deprived of the benefits of insurance and may even be barred from
makiny, his lwing at the level of his tughese skill On a more per
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sonal level, the probability of making the patient unhappy 1s great

Despute the fact that contemporary knowledge does not allow
the differentiation to be made with assurance physicians must set
1t as 2 goal which investigation 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
differental diagnosts The following nomenclature may prove useful

SIGNIFICANCE OF TRANSIENT ELEVATIONS
OF ARTERIAL PRESSURE

1 Simple rasomotor labilsty Transtene and regular episodes of
elevated blood pressure chiefly systolic, associated with increased heart
rate and usually some obvious emotional sumulus The characterisuc
clinical and laboratory picture of essentsal hypertension 1s not present
and does not necessarily develop

2 Prebypertensson These patients respond as do those with simple
vasomotor lability and will probably develop hypertension

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

4 Early essential hypertension ‘These panents have established
hypertension possibly on a humoral basis with early artertolar disease

This 15 only a tentauve classificatton, 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 detal

VASOMOTOR LABILITY AS OPPOSED TO PREHYPERTENSION

Artenial pressure fluctuates with changes mn the mternal and
external environment several of which have been reviewed (p 19)
In most but not 1n all persons these flucruations are not great A
munority show violent changes well into the abnormal range under
what seem to be moderate or even unobserved sumuli Are these
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persons then suffenng from very early essenual hypertension ot
will they surely acquuee 1

Tt 15 not uncommon 1o se¢ people with moderate elmauon
Plood pressuze dunng one o even sevetsl examunations n whom
the pressure 1s normal 10 yeass latet Probably too much has been
made of these exceptions for vaforwnately, the pressure 1 more
commonly found at Tugher levels on subsequent exammaton The
peoblen 13 how 1o dffetentiate those wath sumple vasomotor labshiry
from those who ate prehypertensive At present there 15 no sute
way But it 15 salutary to reslize that there 1s 2 difference

Tron sent hypertension 15 mote common wath advanaong 282
and 15 then more often the p of p hyt This
expertence confirms our own and testates the prnciples of Hines
1d Brown Bu the quandary remains since even at age 50 only
talf of those wath wansient mmcseases of artenal pressuce develop
persstene disease while a sigmficant number (roughly 16 per cent}
%o have not shown this Sign also become hperensive

At fease ™o approaches immediately present themselves for the
solution of the probfem (1) Thete may be a quakuauve difference
i the mechanssm of the transient elevanons m blood pressure In
the group wath simple vasomotor lability the blood pressuse se-
spoase 15 sharp but non pathologe 1n the group with prehyperten
sioa the response s 3 mansfestation of early marbid underlying
change (2) The undecljtng pres.ot response in both groups may be
the same but the response 12 the hypettensive s quantitatively pro-
tonged hence the one group develops essential hypertension the
other does not, These views msght quite evidently be subjeced 1o
expetimental analysis and there 15 usgent need that tus be done

Thers 2se cetiain obtervations which 1§ established as applying

1 the pauent ander examinanon suggest the ocouteence of simple
vasomotor labslity as op

pased to prehyperten U
<hey ate only suggestve penenson, Unforwnatcly

A tugh wodence of hypertension 1 the fammly sopgests the
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diagnosis of prehyperension The psychologic make up should be
of great value, but unfortunmitely agreement on what constitutes a
pattern leading, o hypertension 15 nsufficient for close definion
If the rise an arternl pressure occuts in the absence of obvious
sumult some weight 1s added to the side of prehypertension The
fesponse to the cold pressor test may be nd often 15, more 1neense
in the prehypertensive especially the rise in distolie pressure but
the differences may be msufficrent to ud s dfferential diagnosss
If 1n doubt 1t scems wisc to postpone diagnosts unnl the patent
has been studied for a sufficiently long period to establish o defimite
trend In the present state of hnowledge and technic too husty
diagnosis surely does more muschuef than delay over a penod no
mateer 1f 1t 15 several years long duning which the diignosis can be
more firmly estiblished

During a pertod of such tndecision st 1s beteer to calm che fears
of the patient by erring on the side of optimism thin to nsk the
danger of engendering 1 neutosts by 1 too Jugubrious aturude As
tus confidence 15 patned a review of hus hife status may pont 1o
temeduble factors 1n socral and domestic life the correction of which
may solve the sssue temporartly at lewst The importance of the
deasston which must be made or postponed 15 adequate basis for 1
pamstaking evamunation If even then no decision cin be reached 1t
may be uscful to conceal oness feats nd to ash the passent to return
for an annual physical examnation

It 1s 1mportant 1t this stage to exclude other causcs of hypesten
sion such 1s pyclonephntis and urogenttal tbnormalities Indeed
thus 15 one of the useful funcuons subserved by 1 careful invesuga
tion of pavents who exhibit unusual fises 1n ateerial pressure

Although all of these factors are of value in disclosing prehyper
wenswes sull they are not sure enough The addieton of a fow more
defintuve examinanons would significingdy tnerease the cefranty of
dugnoss This 1s one of the important and persistent problems of

cardiovascular disease
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NeyroGFNIC HiPLRTENSION

Symproms 20d signs of @ dusordered nervous system m ccm}x‘n
hypertensnes fong ago led to the belief that m some at lease, the
disease was caused by ncreased vasomotor actnity Dut objecne
eswdence 48 not chraned that this was 50 Indeed 5o extrasagant
and uncrinical wére some authoes 1 their espausal of this view dhat
2 reaction agamnst 1t was intiated shich culmunated 10 the beliet
that the nervous system had nathing whatever 1o do with hyperten
sion. Cutrent opinion aguin favors sts importance 10 the genests of
certain cases of hypertension

Ic s well v remersber that the term  neurogenic  signifies
thar the hypectension has its arign 10 the nervous system probably
a3 a result of nerease 1n the number of impulses carned by the
sasomotor nerves Such a concept may be prematuse for strcr proof
that hypertension 15 ever 50 caused 1 human beings 1s not at hand
But certan scanty evidence suggests that it might be

It 15 possible that the neurogenic element reaches its zenith
the eacly phase of hypertension to be temnforced or supplanted
fater by the humora) mechanism

An mrerestng, example of the possibihity of a nearogensc otigin
of hiypertension 15 that found m one of sdentical twans ¥t 15 gener
ally assumed that the hereditaty patern of denucal tns 1s alike
and hence the presence of « disease 10 one and not in the other
tends to mummize the importance of the hereditary camponent
Renal blood flow. and glomernfar filranon rates were simiar i the
hypestenstve and the normotensive min but the psychologic par
terns differed widely These facts sugges: that the pschologic
pateern s of prienacy eualogac sipnificance

From bedside observauon two clinical pictures have been ob
served which serongly suggest the importance of the parncipagon
of the nervous system 1n cerran types of hypertension The first of
these hypertension with manifestauons of a neurosis s probably
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diagnoss of prehypertension The psychologic make up should be
of great value, but unfortunately agreement on what constitutes a
pattern Jeading to hypertenston 1s 1nsufficient for close definion
If the rise m arterial pressure occurs 1 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
in the prehypertensive especially the nise 1n drastolic pressure but
the differences may be insufficient to aid m differential dragnosts
If 1n doubt 1t seems wise 1o postpone drgnosis untd the patent
has been studied for a sufficiently long pertod to establish a definite
trend In the present stite of hnowledge and technic too hasty
diagnosis 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 2 pertod of such indecision 1t 15 better to calm the fears
of the patient by erring on the side of optimuism than to nish the
danger of engendering a neurosis by a too lugubrious attitude As
his confidence 1s gained 2 review of his life status may pomt to
remediable factors 1n sociaf and domestc Iife the correction of which
may solve the 1ssue temporarily at least The smportance of the
decston which must be made or postponed 1s adequate bass for a
panstaking exammation If even then no decision can be reached 1t
may be useful to conceal one s fears and to ask the pauent to return
for an annual physical examination

It 1s smportant at this stage to exclude other causes of hyperten
ston such as pyelonephrins and urogenital abnormalsties Indeed
this 15 one of the useful functions subserved by a careful investiga
tion of pauents who extubit unusual rises 1n arternl pressure

Although all of chese factors are of value i disclosing prehyper
tenswves still they are not sure enough The addiuon of a few more
definitive examinations would significantly increase the certamty of
dragnosis This 15 one of the important and persistent problems of

cardiovascular disease
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condicon from hyperthyroidistn that the serwn cholesterol 15 nor
mal ot elevated rather than Jon His obsenranons md:carc'lh:u a
Tarbitoric atid depsanse hnows n thus countey as mebaral © gnen
na dose of 200 mg 190 of three tmes darly, Canses a remussion of
mose of the signs of the diencephalic syndrome appatently through
15 2ction 25 2 hypothalemic sedative Schroeder and Goldman have
added o the diagnosss of the diencephalic syndrome a test an which
intradermal myection of 025 mg of histamne base precipitates a
ayprcal attach in 3 Sew manutes

The syadrome was called drencephalic becaunse almast dentical
sigos can be braughe on by diffuse sumulation of the diencephalon
1 human beags ¢ s wotth recognuzng tt nat only so dhat Wil
sdvised medication of operavon may be avoided but because the
prognosts seems to be on the whole much better than for the more
usual varieues of esseaual hypetteasion.
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the more common but also the less 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 hive not carned complete conviction (see p 92) and can
hardly apply to all pauents who suffer from this disease There
seem to be common denominators 1 the mentl pattern of many
hypertensives (p 94) This 15 1 new vista and requires intensive
mnvesugation 1 a combined study by internusts and psychntrists
The second the hypertensnve diencephalic syndrome  presents a
clearly defined clinical picturc apart from psychic phenomena, but
the evidence 1n favor of 1ts being of neurogenic orsgin 1s based only
on analogy Regardless of 1ts mechanism 1t 1s smportant that it be
differentited clinucally becausc of 1ts differcnt course and prognosis

THt HYPERTENSIVE DIENCEPHALIC SYNDROME

“This syndrome wAs first described as most frequent 1n young 1nd
middle aged women though ¢ 1s occasionally seen 1t men Ic 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 hmbs In
deed the extremutes may be cold pale or have a dushy moutled
hue during an attach Over the aten of blush are minute beads of
perspiration Tearing or merely watering of the eyes may occur
without an assoctated emotional counterpart ot with only 1 minor
change mn effect Tachycardra and hyperpenstalsis are common
These epsodes occut without apparent cause of may be brought on
by embarrassment and excitement Graves disease 15 often diagnosed
because of these signs and because the thyroid gland usually ex
hibits shight diffuse enlargement and the basal metabolic rate 1s
often elevated from about + 10 to -+ 30 Subtotal thytoidectomy
and antithyroid drugs do not benefit these patients but the super
ficral similariues too often lead to theie use

Van Buchem noted as a point m differenval diagnosis of ths
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dox that some clinicrans £aunon. agunst regatding 1t as 2 highly
senious disease of as a disease ot all while still they acknowledge
1t 25 the preatest single cavse of death

Indcc%i the phyfnmn 1 often so fruserated by it aff that he
apenty sashes that the sphy gmomapometet had never been imvented
and ot e were bach 1 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 1n 2 ught place and then f he 15
Amenan thanks the shades of Cale and Custung the surgeons
who told hum about 1t

A pome fact i dealing with hypertension 15 that 1t begtns and
may persist for years without causing any symptoms Dastohe
hyperteasion 15 probably most often acaidentally found whether in
a towune physical or dunng an examinavon for mnsurance employ
ment or for armed service In 15 early phases the disease 15 asymp-
tomatic 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 in the disease mndicates 10 a few pavents a mpid fathure of
this adpustment bur 1 most suggests @ concomiat neurosts In
early hypertension then svmptoms f present are usually chose of
30 anxiery state and such signs s ocour tesult §rom increased vaso-
mator teritabilsty and take the form of cold extremines palior dizr
fess vague tensions and vaguer patas Signs and symptoms due 10
hypertension appear only as the results of arceria! and artenolar
damage make themselves felt

Famial bidity 15

in the In our ex
perrence <049 per cenc of patints have close telatives who haye

had hypertensian I mav have expressed nsclf s heart disease

kidney disease o strokes  but close questioning will Jeave lindle
doubt as 10 the natute of the undetlying hypetrensive process ‘The
age these relanses have reached grves some notion of the probable
tesshence of the patent s awn vascular system Inhentance of a oot



SECTION 11

5 Essentml an(l M'lllgn'mt
Hypertcnsxon

EsseNTiAL HYPLRTENSION

LSSENTIAL HYPIRTENSION makes 1tself known by such a varsety of
signs nd symptoms that st 1s hardly possible to present a typrcal
chinical prcrure Nevertheless certain changes constdered as a group
delineate r¢ with 1 fair degree of clrity The exhrustive examnation
includes measurements which add greatly to definion such as
those of renal blood flow and secretory capactey

On the basis of contemporary evidence essenual hypertension
can be defined 15 2 morbid state 1 which fluctuiung systolic and
drastolic artertal hypertension occurs in 1ssocration with character
1stic artersolar visoconstriction

Many people have the impression that essential hypertenston 1s
almost exclusively a disease of middle or old 1ge when 1t commonly
assumes 1ts florid form It 1s incrersingly clear thar the process
usully begins much eirher than the fourth or fifth decade prob
bly 1n the eatly twenues but 1ts onset goes unrecognized It ts to
this early group that we have alrexdy given ttention

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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\ihe amping out of my skn.” Some note that they must constantly
e mowing unable to relax uosble to avond conmrovessy They feel
caught 1n endless rounds of unsausfying acuvity Agan this 15 not
2 charactenisuc pattern of hypestension though 11 seems more com
mon in hypertensives than 10 other people  Hypertensnes are
thought of as hagh strung emoonal aggressive persons Bur there
are many exceptions. Often the panent 15 50 well integrated that 1t
takes some tme to find not only the cause of the tenswon which 18
successhully concealed beneath a thick protecne cosuing bt even
that tension exists'

Sull thefe 15 a residue of pasents whom life seerms o have
treated kindly they seem o face 1t wichou resenements euphon

cally fesfing w1th Pangloss chae this 1 the best of ali possible worlds
No other nenrotic are di ible but hyp

15 present just the same

Thus the onset of hypetension 15 usually insidious and the
patent 15 usually unable o determine the tume of 1ts nception
Eather 1t 15 discovered by accident, ot the onset of vascular failure 15
announced by the eyes heare or kidneys The disease 1s well ad
vaaced by this ume

As los of carduc adaptation bepins dyspues appesss on exer
tion, The pattent may be uncomfortable when sleeptog flat 1n bed ot
unable to eat 2 full meal withour shorness of breath Vague sen
satons of opptession tn the chest are nat upusual Precordial pam
occuss, ranging from mild, slmost vanoticed discomfort 1o the
severe pangs of angina pectons Fortunately the lateer type 15 not
common Ed ma of the ackles also indicates beginning cardiac
sufficiency Often the panent notices that the heart 1s heaving and
turbulent, but i many hypertensives 1t 15 quiet and the rate not 1
creased. Tachycardsa 15 more common 1n early hypenenuives wath

psychoneurone b ckprounds and nsuall these are the
complamn of palpiznion ! R e b
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vascular elasuca ind the need for one which can waithstand hyper
tension often concide and together jeopardize the pauents life
Systolic hypertension m elderly relatives, usually merely the hemo
dynamuc result of senile fibrosts (artenosclerotc hypertension p
39), does not 1mply the early demuse of a younger relhve who
has essent1l hypertension Manifestly also, a relauve who has
reached the age of 70 1nd has withstood essenual hy pertension must
have 1n artersal tree that 15 more than ordmanly good

Headache (sce p 242) 1s probably the most common symp
tom Often it occurs in the mornmng wanes with the breakfast coffee
and finally disappears before midmotning or noon Thete seems to
be no charactenisuc locaston, but frequently 1t 1s 1n the ocapttal
regton Severity vares from a feeling of stiffness and tightness in the
neck to an excrucitting theobbing pamn

Some believe that most headaches among hypertensives are
assoctated more with an underlying psychoneurosts than with the
hypertension Somes hat supporung this view 1s the observation that
the height of the blood pressure and the seventy of headaches do not
paralle]l each other There s often a history of migrame

Some patients complain of a feeling of constrictron 1a the scalp
especrally over the vertex It 15 a sensation seldom expersenced by
pauents with normal blood pressure

Perhaps the nest most common complaint 15 that of easy fatig
ability Especially toward midafternoon the pauent feels completely
done 1 even after an uneventful marning Other hypertenstves
show faugue only after prolonged strain and appear able to carry on
long after normal persons are ured Though fatigue 1s common 1 18
by no means a symptom charactersstic of hy pestension

Some patients are able to date the onset of hypertenston with
reasonable accuricy by changes they note 1n emotional tenston
From easygong persons they may become srregularly snitable in
tolerant and soconsidetate The complaine 15 often expressed 1 feel
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THE MALIGNANT SYNDROME OR MALIGNANT
HYPLRTENSION

Physican have long recognized that the clinical course of
arterial hypertension 45 exceptionally vanable The lives of some
panents ate only moderately shottened others succomb within
penods measurable 10 months In 1914 Volhatd snd Fahe empha

stzed these differences by the chnical terms berugn and  mahg

mant 1 thest concept of nephrosclerosis and pomted out that the
bemgn form of hypertension may at any time tn malignane They

nd others believed thar patenss wath rapidly fatal course had
fautry kidneys hence the terms  maligrane nephrosclecons and
genuine contracred kidney  nsufficient regard was paid the blood
vessels 1 the rest of the body unul Fishberg and others pomnted out
the ertor Even now the fact that the emphasis 1s probably not ade

quately dsmbuted 1 teflecred by continued vse of the weun  neph

sosclerosts (p 286)

In 1928 Keth Wagener and hernchan presented a classic
dese tpoa of 81 panents with arrenal hypettension chasacterssuc
rennopathy  adequate renal tuaction and rapidly fam) outcome

destgratnd dhes the d of malig “
Subsequently thetr observauons were amply confirmed

The mechamsm of the malignant syndrome 15 not clear In dogs
Goldblate and heyes have been able to produce s chincal preture
tesembling dhat 10 human beings by conancang the renal artenses
senetely The picrure 55 characterized by hypertension  terminal
tenal msufficiency and petechiae and large hemorthages m many 1n
t mnal onans espectally the abimensary sract Th e 1 dissecting
bemossha e through ot ruptute of the walls of severély hyalinized
ot fecrout arteriales ot ruprure of capiilaries 4 chasactenssuc senn
opathy 5 also noted Elevation of biood pressure and renal wsuf
Crency wath by poxia were considered tha of the necessaty condhions
for development of the fecrotc arterioles and hemarchages

Y P
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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 reunal deteriort
uon proceeds 1t a rpid pace Occastonally during 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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ened 20d herr Jumens seduced, especnally by smedial hpertrophy
Hyalimuzation and necrosss usually occet only as end stages Changes
are found even 1n vessels 1 sheletal muscle Hypeplasuc sclerosss
with thuckenung of the media and narroning of the lumen 13 ob-
served.

The necrouzing artenolar lesions may represent an aeceleranon
of the some process observed m 2lready accelerated senescence
which constitutes the artenotas sclesosss of essential hypertension
Or ha. some qualiransse change occurred quute independent of the
fundsmental factots cavstng essentia) hypertension>

Do these pauents have 3 disease quute disuact from essential
bypertension? The answer 15 probably that they do not rather that
1t 15 % syndrome that may comphicate the course of a number of
dsseases chatactenzed by hypertension Thus cerrain of s clinical
manfestanons may be observed 10 pavents with prelonephug

" heock

P P cytoma, poly and 30 on
Most patients exhubiting the malignant syndrome have had a
prolonged pertod of essennal hypersension In these i comes as a
rapd detetaration shuch strles the patient down wth dramatc
suddenness But there 15 also a documented group of cases 1 which
no fi peniod of hyp foreshadows the evepss 10
come fn these signs of the malignant syndtome are present from
the first, and the course occasonally 15 wun 10 weeks of months
T'ras mabignant hypertension 15 seen as an intensification of the
vascular disease of hypertension the cause of which 15 not known.
Clenecal prcture ~~The rohgmant syndrome wsually ocours s
catly or muddle Ife seldom 1 old sge It 13 believed o be more
tommon 10 men than 1n women and this has been our expertetice
Oprnion difers as ra the frequency with which hypertension has
okcurred in the famities of these patients Our patents i whom the
syndrome appeared without 2 prelminary eprsode of essental hy
pereeasion have ot shawn an abnotrmal treidence of famial cardio-
vasaulae dwease A Yugher inadence s 1o be expected 1n those who
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It 13 not yet firmly established that renal insufficency 15 necessary
for the smitration of this syndrome 1o dogs hence 1t may well bear 2
closer resemblance to the one 1n human beings thin might appeat
on the surface Eatly in the course, renal excretory function may be
normal, though this seldom lasts long But the face that 1t 15 some
times normal ratses doubts as to the participation of renal excretory
functions n the genesis of the syndrome

Byrom and Wilson made interesting expersments 1n rats which
suggest the tmportance of artersal pressure If the renal attery of
one kidney 15 constricted and hypertension results arteriolar necrosis
may develop n 1ts formerly normal partner They believe that these
vascular and patenchymal lesions duplicite those 1 human bemgs,
but pathologists have not been wholly convinced Selyes expen
ments on  the endocrine hidney simularly demonstrate the smpor
tance of high artern] tension 1 the genests of arterial and artenolar
disease Byrom and Dodson produced acute artetial necross in rats
by sudden severe increases of arterinl tension alonc

TFishberg has stressed the importance of elevuon of the drastolic
pressure as a genetic factor 1n the malignant syndrome It 1s usually
greater thain 130 mm Hg However, occasiont] patents wath the
fully developed syndrome have diastolic pressure consistently well
below this figure While sustained elevttion of diastolic pressure s
doubtless important 1n causing 1ts development 1t does not seem t0
be the only frctor

Cleatly the cuse or the mechanism of this dingerous phase of
hypertension 1s not surely hnown

“The changes observed 1t autopsy have been the subject of much
study OF particular interest to us are the vascular chinges These
vary somewhat 1n different organs but in general they consist of
severe artersolosclerosts and 1n addiion necrosts wath fibrinoid de
generation especsally of the rennl arterioles and endarterins (cellu
lar mtumal thickening) of small rentl attcries Artefiolir necrosis
my be fimited to the hidneys The cerebral arterioles become thich
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precordium occurs frequently Nocrura and edema of the ankles
appeac An electtocardiogram usually shows flatening or 1nversion
of the T waves in Jeads 1 and 11 along with the wsual left awss
deviation and evidences of myocardial strun

hadney funcuon 23 measured by veea clearance ot abifiy to
concenttate utine 15 usually normal or shightly seduced early i the
cautse of 1 at fisst unchanged from that measnred dunng the phase
of essential hypertension But good funcuion wilk not long be mun
taited preapiate falls being the rule Burses of gross hematuea are
common and protein excrenon ncreases 05-5 Gm per 24 hours

This stage may be puncruated by episodes s which transient
(1e from 10 munutes to 2 day of two) paralysis or aphasia appears
Often brzarte albewt usnally muigmbicant psycholope changes oc
cur These ate aobuted o munute thrombs e the vessels of the
brawn which cause ateas of focal neceoss

As the terminal phase approaches cardiac farlure becomes sn
tensified. Cardiac enlacgement often occurs at a remarkable ratc and
may be anbured more to dil than 1o hyp phy As a 1e
sult, procodiastolic gallop sounds are frequent. Renal farlure also
seems 0 accelerate ofiguria or anuria may alernate with polyura
Renal clearance and blood flows fall o law levels and waste products
at¢ semned m the blood Sight may be severely reduced or lost.
Nauses vominng, and loss of appette nccur fotlowed by alatmiag
toss of weighe Convuisions may be anticipated 1n many patients

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

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

The patient becomes drowsy and may die m 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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experience a hypertensive prelude We have the impression that
most pattents with primary malignant hypertension show liele 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 Severe head
ache, some shortness of breath faugue weakness loss of weight
nocturta, edema of the nhles and above all blurred vision appear
early and should call the physicians atcention to the possibality of
1ts onset

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

It 15 usually thoughe that the papilledema 15 due to increased
intracrantal pressure Indeed Fishberg has observed that cerebro
spinal flurd pressute usually increases before papilledema appears
Measurement has shown that 1n general papilledem: and mcreased

although often assoctated do not parallel one another

Papllledcma occurs without incrensed intracranial pressure n some
pauents and cerebrospmnal flnd pressure 1s sometimes increased
without the appearance of pipitlledema hence the increased pressure
probably 1s not the sole cause

Examination of the heart may show moderate enlargement but
nothing pathognomonc of the syndrome Tachycrrdir 1s common
since 1t tends to mamneain cardrac output without the need for hyper
trophy left axis deviation may not develop As the morbid state
progtesses signs of cardac sttain appear A gallop thythm may
come and go Dyspnea is complained of and pamn referred to the
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presumitly o5 the resule of aneuolat coaswcuon and afferent
atterola scletosss In some panents the afferent artensolar scletosis
and constricuion are 0 sevete that desprte the greadly increased
artenal pressute and constricuon of the glomerular efferent artens
oles mtraglomerular hydrostane pressite seems not to be wereased
sbove e notmal of 15 even low Such pavents hke the glomer
Joneph deselop hypop
The history grsen by the patient 15 of prime importance in mak
g the differennanon The story of Brights disease 3s nswalhy gwite

ypeal espesnally shen the panent has been swdied dunng ns
cousse

Thus the correct diagnosis can usually be made from the an
amness and thorough examinanon of the heart and hudneys

50 CALLED MFNOPAUSAL HYPERTENSION

The age period of onset of the menopause 15 also the one in
which essental hypestension 15 most hkely to occur Lidle wonder
then that cinscians have smputed a speafic causane tole to the
menopause 2nd that the term  menopausal hypettension  has b
come common cown i medical Linguistics

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

tn gormal women of the same age Menopausal symptoms could be
related 10 lifelong 1 1nstab

and bty Thus loss
of ovanan secrenons does not of wself canse of preduspose ta es<en
ual hyp ‘The hyp of the P 15 only es
sential hyj prohably ed by the ! tormond
of the period. There 15 0o menopausal hypestension

Treatonent wuth the effectve estrogens such as sulbestrol ar
!l\‘x:ts supplemented w.ith thyrod asds festonng emouonal eqm
bt in such pavents and hence often reduces artersal 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
means of differentiaung the mahignane 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 longer 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
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PATtENTS WITH early essential hypereension show {ide that 15 ab
normal 0n physical examination except 2 vanable increase of astenal
pressure The most significant findings may be those which ndicate
that the elevated blood pressuse 15 due to some disease more easily
temediable than essenual hypertension or ar least one whose nature
1 aoce cleatly understood For thus reason the examuner must bear
ia mund some of the wide vasiery of causes of hypertension Though
some are uncomman and many are rare the search for them shonld
be untematung

The lack of phystcal signs and symptoms 1n early hypertenston
can prevent many pauents from seeking medical advice or once
having recerved e from abiding by 1t. We have pownted out that the
first evidences of sllness 1n many panents seem 1o be psychotogic
disrbances Dunng physical examinauon one 15 often struck by
the bodily expressions of tension The brow 15 knit reactions ate
hyp apd mstability of the nerves 1s evidenced by
sseaung blushing palpitations and cold exvremimes The physical

tension has 1ts parallel in the mental sphere usuatly dus 15 all too
apparent

But ace dhete any physical changes 1n the early stages by whick
the disgnosis can be made? Except for shight constriction of the ar
tertoles in the eyegrounds and at times increased force of the heare
bear there are none The duagnosns of very early bypertension by

79
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6 P}lyswnl Ex'\mm'mon

PATIENTS WiTH catly essential hypertension show. lustle that is ab-
normal on physical exammation except a variable increase of arterial
pressure ‘The most significant findings may be those which indicate
that the elevated blood pressure 1s due to some disease more easily
remediable than essential hypertension or at least one whose nature
15 more clearly undesstood For this reason the examiner must bear
1n mind some of the wide variety of causes of hypertenston Though
some are uncommon and many ate rase the search for them should
be varemitung

"The lack of physical signs and symptoms tn early hypertension
can prevent many patients from seehing medical advice or once
having received it from abiding by 1t We have ponted out that the
first evidences of 1llness in many pauents seem to be psychologic
disturbances During physical exammation one 15 often struch by
the bodily expressions of tension The brow 1s knit reacuons are
hyperacuve 2nd instabilsty of the vasomotor nerves is evidenced by
sneatng blushing palprations and cold extremuties The physical
tension has sts parallel in the mental sphere usually this is all too
apparent

But are there any physical changes n the early stages by which
the dragnosis can be made? Except for slight constriction of the ac
terioles i the eyegrounds and at umes increased farce of the heart
beat, there ate none The dugnoss of very early bypertensron by

R
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physical exammation rests on the finding of fluctuating elesated
drastoltc arseral pressure which persists when all the possble 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
abality to adapt 1o 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 funcuon and from the
changes 1n cardiac function The phase of beginning loss of vasculat
adaptrtion 15 graded 2 in the schema of Ketth and Wagener (p
27) since 1t 1s marked by beginming rennal arteriolosclerosis and
some 1ncrease of vasoconstriction This phase may persist almost
unchanged for years Occastonally 1t 1s short lived passing rapidly
INt0 @ mote severe state

With deterioration come evidences of structural njury, parucu
latly 1n the heart, brain and hidneys the beginnings and course of
which and the means of eltciting their presence we discuss elsew here
The disease m1y progress slowly 1o cardiac renal and cerebral ar
culatory fallure may assume the aspect of malignant hypertenston
or tn rare ¢cases may regress (0 a pattern like that of early hyperten
ston leaving a residue of sclerotic artertoles

Ophthalmoscopic examnation remams by far the most useful
method for detecting the rate of advance 1nd the severity of vascular
detertoration Most extracenal vascular areas have litle significance
because no clinical methods are avalable by which to esumate the
state of the vessels unul they have become seriously diseased Par
ucularly to be regretted ss the lack of precise clinical means of de
terminng the condition of the cerebral vessels Procedures for exam
ination of the renal and cardiac vascular areas are given i the

appropriate chapters
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EYEGROUND EXAMINATION

No part of the physical exanunauon equals that of the eye
grounds 1n assessing, the stage and later, deterrmning the progress
of the disease Indeed once hypertension has been duagnosed the
ophrhalmoscope becomes more useful than the sphygmomanometer

The eyeground examnation 15 worth 2 much more detaifed
discussion than can be given here Practice tather than reading leads
to facthity 1n this examunation and 1n the interpretation of 1ts results
No convement opposrunity to make and repeat the examinaton
should be neglecred Adequate dilation of the pupils with parednne
hydrobromsde® (1 per cent solunion) euphthalmine® (5 per cent)
ot homatropine (1 per cent) 15 necessary for dhorough study and
10 other type of study 15 worth while Eserme (0 1 per cent) may be
nsulled after the examination to speed the rerurn of pupillaty con
striction and accommodation. Excess light should be excluded from
the room. Both pattent and physician should be comfortably placed.
Observations of the fundus should be made 1 a systematc compass
pattern .0 that every portion 1s examined

Hypertensive disease 1 reflected 10 the eyegrounds primarly in
the arteniofes and secondanily 1n the reuna The vascular changes
may be funcuonal and therefore reversible or structural and fargely
ureversble The funcuonal changes consist 1n varying degrees of
srteriolar constriction The structural lesions are usually lumped to
gether as sclerosts or artersosclerosis These terms are imprecise
Eirst the affected vessels are arterioles tather than artenes Second
the term  sclerosss may signify any one or any combination of
theee distinct lesions
mt;?‘eo?‘::: :‘:(Z:T:[m of l‘\;esc lesions 1n the hypertensive 15 hyalin
change that hypeﬂe:ax:l‘;: I;lhe e productie and depenersave

Yose thex e o poses on arterioles elsenhore as they
esist s onslaught (p 110) The o other
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forms of vascular change nterpreted as sclerosts are, respectrvely,
sentle decrescent fibrosis and atheromatosis They appear and de
velop quite independently of mumal hyalmization which alone 1
the charactersstic change m this disease It would probably be better
to displace the ambiguous term  sclerosis by some such term as
artertolar hyalinization  or even arteriolosis  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 ndependently of vasoconstriction when the
vessels atrophy n the course of nonpathologic semle or atrophic
regression, when the Jumen 1s reduced by intimal hyalinszanon 10
hypertenstve disease or when the central retsnal artery 1s occluded
Since narrowing 1s not of uself an indicatron of vasoconstrictton
vessels which are very differently affected may superficially look very
much alike The observer must be at some pains to record and ex
tend hus observations before forming a definitive impresston

But an interpretive impression must be forthcoming if the ex
amination 15 to be useful and the 1nterpreration 1s most helpful if 1t
both defines the character and evalnates the degree of change
This estimate may be made as by Keith and Wagener 1n a graded
summary of abnormalities commonly concurrent mn 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 idicated 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 reduction of ratio to arteriole 6 vein 10 The
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angle of branching 15 more acute the arcenofes seem strasghtened.
may be segmental vasospasm.

Thegndeyi R:f::\ reduced KSDPI!!QHO‘C 4 \emn 10 The artenoles no

tonger extend into the periphery of the reans.

Grade 4 Extseme natrowing of astenoles arenioles less than 40
vem 10 The vessels scem to disappear after they leave the diske. Usually
assocsated with displacement of the vein ar the point of crossing
Arsersolar Hyalimimation

Grade 1 Increase wn the width and brghtness of the Iight sireaks
due to decreased y B displ

Grade 2 Exaggecation of grade 1 the walls of the smaller arterioles
assume a glassy quality and the anerioles 1n the absence of severe vaso-
constricuion, may be more than normally tormous. Definite arterio
venous displacement.

Grade 3 ‘The vessel walls appeas separate from the blood column,
The small arterioles become opaque and the larger yellowish. Arterto
1£n0uS compression $o great that the vein 15 engorged beyond the pone
of crassing, Incressed artenolar torrosity Beginning persvascular white
niess 1 the retna close to farger artenofes.

tade 4 The walls of the artenoles are sivery white The pen
‘ascuar seaction extends to smaller branches. The bleod column s5

greatly reduced 1n caliber and 15 1rregular There 15 1ntense anenovenous
COmMPIeEssion.

Hemorrhages and Cxudates ( grade each separately)
The sum of the changes present 1n the two eyes 15 used in prading
Grade 1 One to three areas.
Grade 2 Three 1o s1x
Grade 5> Sixv0 10
Grade 4 More than 10
Paplledema
Ste pp 86 £

. Since the absecrvers experience 1s the ulumate ¢nterion ta the
xaminanon there 15 2n uaasodable subjecuve factor However

b‘ym grading from 1 10 4 plus 1 each category of disunguishable
change using always the same eneeria of interpretation the observer
should not find the evaluation difficule
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forms of vascular chinge interpreted as sclerosis re respectively,
senile decrescent fibrosis and atheromatosts They 1ppear and de-
velop quite mdepcndentl) of inumal hyahinizanon which alone 1s
the charactenstic change 1o this disease It would probably be better
to displace the ambsguous term  sclerosts by some such term as
attenolar hyalinization  or even  arteniolosts, which would cuery

most of the meaming of thus spectfic abnormalig

The walls of normal retinal vessels both arteniolar 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 pun
cipal indication of the presence of vasoconstricuon But narrowns,
of the column c1n occur independently of vasoconstriction when the
vessels atrophy m the course of nonpachologic sentle or atrophic
regression, when the lumen 15 reduced by numal hyalinzwion m
hypertensive disease or when the central reanal areery 15 occluded
Since narrowiny 1s not of itself an indicrton of vasoconstriction
vessels which are very diffccently affected mny superficially look very
much like The observer must be at some puns to record and ex
tend hus observauons before forming 1 definitive impresston

But an interpretive impression must be forthcoming if the ex
amination 1s to be useful and the interpretation 1s most helphul af 1t
both defines the character and evaluates the degree of change
Thus cstimate may be made s by Kerth and Wagener m 1 graded
summaty of abnormaliies commonly concurrent 1n hyperension
(p 27) or s we would prefer by 1 sepuate evaluition of exch
element of 1bnormnlity

GRADINC OF Ri TINOPATHY

Constrectson of Artersoles
Grade 1 Narrowny as ndicated by shight reduction of the blood
column ratio 1 corresponding artenoles and veins below the pormal

of artertole 8 and vein 10
Grade 2 Increased reduction of tatio to arteriole 6 vein 10 The
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cosng for 2 common advennua here surrounds both vessels
(Enedenwsld) Artenovenous mching 15 at first due to the veins
Taving been displaced from s course Such displacement 1s com
mon when the arterole 15 thichened by hyaline But 1t also occurs
when the sem 15 pulled from 1ts coutse by arteriolar setracuon
whether due to tatense asoconstricuon of ta atrophic regression
Mdung although a common indication of snumal hyalinwzaton
s not a speafic sign.

Mot observers agree that retunal attenolar byalmizaton Ike
artesolar hyalinzation elsewhese follows rather than precedes the
anset of hypestension although some panents show it early and
others go on for years without much evidence of 1t Repeated exam
1nauons demonstrate the rate of change The record of thus rate prog
nostically 15 comparable to a record of the changes in heart size

Thus type of change chatactenisuc of established and advancing
hypercensian o ta be sharply disunguished from atheramatosts and
from senile regression Acheromatosis (p 110) may occar at any
age although more common 1 elderly panents It 15 dargely nde
pendent of hypertension and often associated with diaberes melhitus
Its chuef interest hete lies 1 the porsiibity thar central retinal
atheromas may block the vessel sevete retnal 1
consicugn whule atheromas 1n the artenoles may be taken as evs
dence fos Joeal arens of hyalinzauon Semie decrescent fbross

{p 108) which affects all the vascular tree 1n the sery aged 15
mentoned for the same reason

The fundaf changes resutung from advanced hypertension ace
hemorrhages exudates and edema
Hemorthage wsually appears early m the course of retnopathy
2ad Xer‘snsts thtoughour although sn a few patents exudates and
7 pred The h hages of hyp es sy
:l;y aa be disungushed from those due 1o local artertolat of venous
eases such as oceur m dubetes mellitus and those which

hemorrhagic diasheses such as leakermsy The hemorthage
tension spreads from close 1o the arreciole betw een the flu,

form in
n hyper

e nf ol o
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The aim 15 to record separately the respective degtees of artert
olar constriction and inumal hyalinizanon (so-called sclerosis), of
papilledema, retinal hemorrhage and exudates The major difficulty
as we have seen, lies in the disunction of the type and degree of
arteriolar change

The normnl fundal arterioles are smaller in caliber than the
accompanying vemns and there 1s no compression of the vein by
the arterrole at the point of crossing The normal arterrolar 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 15 to be
expected 1n established hypertenston When 1t appears it may 10
volve all the vessel wall or may be segmental, changing 1n locus
from hour to hour Segmental vasospasm, although not infrequent
1n essental hypertension 1s more charactenstic of the acute hyper
tension of glomerulonephritis 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 into the fundal periphery They thus give the impres
ston of having been pulled 1n as by retraction of the retnal artery
nto the optic nerve

Reunal artertolar constricuion 1a 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
1s 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 1n a degree vistble that 1s 1t ceases to be trans
lucent and becomes a reflectng 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
the arteriole from the subendotheltum of the vein at the point of
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osing for a common advenuta here surrounds both vessels
{Fnedenwald) Arenovenous rachang 15 at fisst due 1© the vein's
having been duplaced from sts cousse Such displacement 15 com
oon when te areecole s tuckened by hyaline But it also occuts
when the vemn 15 pulled from 1ts course by artenolar tecracuon
whether due o nfense asocoNSICtion ot to atrophic tegression
Niching alchough a common sndication of mumai hyalinzavon
1 not a spearfic ign

Mose observets agtee that reunal artenolar hyahnizagion hike
amenolar byahnizaton elsenhere follows rather than precedes the
onset of hypertension although some patients show w eatly and
others o on for yeats 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 in heart size

Ths type of change charactetisuc of establiched and advanung
bypertension 1s t be sharply dsungoushed from atheromatoss and
from senile segression. Atheromatoss {p 110) may occur at any
age although more common 1n elderly patienss It 1s largely snde
pendent of hypertension and often associated with dubetes mellitus
Trs chief interest here lies i the possibduy that 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 byabinwanon Semle decrescent fbrosis
(p 108) which affects all the vascular tee 1n the very aped 18
menuoned for the same reason

The fundal changes resufung from advanced hypertension are
hemorrhages exudates and edema

Hemorthage usually appears ear}

¥ 1 the course of retinopath

and pertists thioughout, altthough m a few pauents exudates nnz\'

{led 4 The h 1

23

om those due ¢ local axtenotar or venons
diseases such a5 occur ta disberes mellirus and those whch form m
femarhagic distheses such as feakeme The hemorthage 1n hyper
tension spreads £rom €lose 10 the areeriole berwenn tha fhoee nf shs

N f b
ally can be disunguished fr o o s
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nerve fiber layer of the retina These fibers run parallel to the sutface
of the fundus The hemorrhages ate therefote flame shaped and e
close to and parallel to the artertoles In contrast, the spots of bleed
1ng 1n disorders of the blood or 1n drabetes are punctate or petechil
and often round and appear 1n the deeper layers of the retina often
from the efferent veins of the deep capillary plesus Occastonally
hemorrhage occurs from local arteriolar or venous occlusion More
commonly it 15 the result of retnal venous thromboss It 1s accom
panted by reunal edema and exudates i the affected quadrant but
1s independent of hypertension

The reason exudares form as hard white spots or as cotton
wool 1snotclear Some think them the result of local edema which
after reabsorption of the fluid leaves 1 lipid residue Others suggest
that the liprd 15 deposited by aggregated macrophages which enter
the edematous area Still others believe that spastic or structural
artertolar occlusion produces foct of retsnal necrosis gving fise to
graysh spots Exudates Ithe hemorrhages e graded by the sum
of their number 1n the two eyes

The geading of paptlledema s not always easy The edges of the
normal nerve head are shatply defined the lateral more cleatly than
the nasal The phystologic cup 15 usually readily seen The color of
the disk varies widely even 1n health Extreme pallor suggests the
presence of optic atrophy Marhed redness may signify the con
gestive hyperemia which precedes paptlledema The first stage of
paptlledema (1 plus) consists 1 hyperemia loss of physiologx cup
ping and obliteration of the lateral dish margmn The second stage
(2 plus) 1s an extension of this phase wich definite elevation of the
nerve head by 1~2 D in the third stage (3 plus) the reuna s also
edematous and elevation of the disk has advanced to » or 4 D In
the fourth stige (4 plus) the edges of the netve head cannot be
disunguished from the fetina 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 haztness especially around the prpilh



F16 1 —Eyecround changes A normal eyeground B early essential hyper
tennon €xknb 1 n grade 1 comstncy on and wicrosis € mort advanted wssen
tal hypercens on showing grade 2 scleross and constriction The A Y crossing
phenomenon 1s shown D malignant hypertension showing Sevete hemotrhage

and exudate formavon n macular cegion (See also wllustrations on pages
329 and 3438 )
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Localized arcas of effusion may Jead to detachment The latter 15
particularly common 1n toxemias of pregnancy, when all the cranial
tissues are severely edematous

Fully developed retnopathy was formerly termed  albummurtc
retuntus  because of 1ts frequent assocration with renal disease How
ever, the dwersity of 1ts origin (toxemsa of pregnancy, malignant
hypertension terminl glomerulonephrius) shows that this mclusive
term has outlived 1ts usefulness

The significance of the qualitative and quanutanve changes
the eyegrounds lies tn the fact that here alone 1s a vascular area with
the principal victms of hypertension the artenioles exposed to
view Eatly in the course of the diserse 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
mn the absence of papilledema or of other characteristics of the
malignant syndrome 1s one of the elements establishing the prog
nosis of cerebral hemorrhage

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

e

MEDICINE OF THE nuneteenth century apphied i pracuce the Cat
tesian theoty of separation of mnd 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
ongal mussion of the physician the approach to disease as 3 whole
changed mto the smaller task of localizing the mlment and idennt
fying st and ascribing 1t 10 an already speafied group of diseates

This type of medical tunhing has fiuenced many present-day

teachets and pracutoners of mediane It underlies much of the
ungestical sull pwven q

1t impels
the physician to examune and treat unne not the dubetic and blood

pressure not the hypertense But the reacknowledgment of the
unty of man and of the change 1n the whole man mmpliat 1o 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 11 35
2 disease of full serried organic expression 1n many cases 1t seems to
be psychogentc 1n every case it has its tepercussions 10 the Life and
thioking of the patient. To the degree that they can be considered

#pact mental disturbances can be related to hypettension as cause
tesuly ot comphicanon

89

e
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PSYCHOGENESIS

Mental disturbance might give rise to such a disease 1s hyperten
sion (1) by acung as prmary efficient cause or (2) by acung as a
trigger a co-ordinate cause which converts pre exisung organic
potentiality 1nto actual diserse In the first mstance, the mental upset
must be taken as sufficient explination for the presence of the dis
case either by statsstical examinatson of groups or by demonstration
of a speaific mental pattern mn ndividual human beings suffering
from hypertenston

The effect of emouonal upsets on arterinl pressure has i the
few years it has been recognized passed into the familiarity of lay
slang Readers of Sunday supplements are earnest 1f innccurate st
dents of sphygmomanometric lie detectors and 1n the tragicomic

funnies observe the antics of the terrible tempered Mr Bang and
speculate about his blood pressure If lay knowledge 1s sometimes
exasperating 1t 35 not because we wish 1t to be less but rither beciuse
1t 1s composed of muddied trickles from 1 Pienan spring Thus
when he speaks of hypertenston the layman applies the stmile of
borler and steam engme—mind and body Mechanucally the analogy
15 tnexact for 1t supposes thit outspohen rige nd exteriorized anx
sety are necessary pathways to high blood pressure chronologtcally
1t 15 behind the umes this 1s the electric age A better analogy 15
that of a dynimo whose current 15 directed extersorly into motors
of conscrous actton ind interiorly 1nto condensers of nervous muscu
lar vasculr and glandular tissue which buffer and smooth the ex
tertor dischirge When extertor force puts 1 brike on the motors or
when the dynimo 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 my take the form of
disordered visceral or vascular function In this tntlogy the mentl
ongmn of such 1 disease as hypertension mught be rcpressed over

actve or unsausfactonly directed emotional tenston Granung the
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possibabity of psychogeness 1n hyperteasion the question 15 whether
o pot the stratn 1seff 15 specific 0 that st 15 an adequate explanauon
of the disease ot whether its exp depends op a p
of one condenser the yascular tree

An cxample of the staustical approach 15 Donnison s measure
ments of artersal pressure m 1000 male natves of the henya se
served lands He dvided the subjects snto groups of about 100 1n
cach decade from 15 to 80 of more years estumated age The levels
of pressure were the szme as those of Evropeans and Amenicans
untf about age 40 At thus age the standards 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 dosnsard tn the heoya group Tran
sient elevanons of pressute were not uncommon among the natnes
n onfy two cases (0 2 per cent) was there queshon of persistent ele
vaton of pressure Further Donnison found no cases of rassed ar
tefna) pressure tn 1 500 admussions o 2 natnve hospaeal

P

‘The contrast betaeen these observations among the henya peo
pleand thote i white gtoups 15 strsking and 1213 increased when the
corparison g5 made wath American Negroes for among them hy per
tension 15 common begins early 1 hfe and 15 often severe The
condruons of thewr hife are diflerent from those of henya Colony
The Amencan Negros hife panern 15 seddom of hts onn choosing
the foner fevels of the culture of the people wath or for whom he
soths seck someumes 10 defend themselses by excluding him ot
find in fum someone 10 be better than He may feel chat statates are
ambiguous unequally apphed, and the basic faw of the land con
tadicted w pracuce The Renva Negro Ines on 2 land and na
cultere undisputedly ks ann and his asprrations and possibilives
1n life are defined and accepted almost from the moment of his birth
The greater frequency of hypertension 1n the Jewish race might alsa
be adduced To these examples we may add the small decrease of
average srienal pressure 1 Europeans who five 1n tropical lands
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where most of the ment1l worh 1s done by the subject races Thus
from the aspect of hypertenston, 1t seems more blessed to give m
dignity than to sustun 1t These examples might be accepted as
experiments 1n the mass psychogenesis of hypertenston were they
not clouded by differences of diet racial admuxtute and mode of Iife

That emotional stress may worsen the status of an established
hypertensive or play a part 1n converting prehypertension 1mto eatly
hypertension 1nd that release from strain may improve the patients
condion are well known The criucal physician recognizes the de
crease 1n blood pressure which occurs during the patients first vistts
or when he mettculously assumes a touted regime even one as un
tmpressive s 1 ritual of the pink pil He 1s also famibar with the
tise of pressure associated with personal sexual domestic or soctal
tension Physiciins who do not recognize this relation unconsciously
encourage their patients to drft tway into the care of colleagues and
quacks whose powerful asset 1s only the confidence they create wnd
their intuitive hnow ledge of human nature Such observations, how
ever thoroughly documented merely establish mental disturbince
as an accomplice to the fact they do not indicate that 1t can be a
primary cause To establish 1t as a primary cause 1t must be shown
(1) that hypertenston can arse de nozo from mental causes non
specific or specific or (2) thac the disease s 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 deltneate the unconscious
and the 1mprecisions of emprric pracuce Since the first two clam
preciston, the examuner must lso use more than ordmary care 1 the
selection of his group excluding those tn whom the disease scems
wholly somatogenic and secondary rather than essential  those
whose realization of invalidism had distracungly overlan the pat
tern of onset with the stresses of personal fright and famulial concern
should also be rejected He should also hive means of showing
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whether or nor 4 simlar pansern occuts 10 poople who do not have
seal or porental hypertension

The psychalogic method as apphied by Harmlton 1o a group of
young males some of them showing mild hypertension-—although
note was told the purpose of the study—w eakens the faymans mis

of the hyp P (sry which 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 blush
and 10 cutbursts of anger the latter contrasung v ith ther 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 emotionat dis
arder or they woutd not have made themselves avatable for such a
smdy so that the selection of cases 15 heavaly weighted in 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 who try 1o define the hypertensive personality 10 tv.o-dymen
somal terms such as those a cartoonist would convey with the surohe

of a pen Unf ty for enologic defi a similar imbalance
of desites uaderhes manv other psychosomatic and psychologe
syndromes

A pattern of wend rater dhan causatiy
physicuun who has seen through 20 ¥

ight be drawna by the

ears the transformanon of
E3ger expressive compettuve tendencies into genteel tuceness which
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subsided mnto mhibitton lame expression and butsts of faming re
sentment falling bick in shamed composure 1ato a desie only to
heep the peice He may be able to trace the change from expression
to whibition to some precipititing reverse which threw the pinent
back onto his shallow emouonal and ntellectual resources The
wife miy s1y  He was never like this before, st was then he took
up drinhing  for some of these, pauents find 4 release 1 alcohol
and by 1ts ud expand ro soberly unatrunable gesistance to cruicism
and ease of expresston 1n which they may seek to establish their
dommance by promiscuous sexul activity Buc from alcohol they
gun hangovers from promuscuity venereal disetse, and from both
remorse As hibreory tendencies gun control they my lose the
ability to make dectsions and therefore the capacity for responsible
work While the mind retrents the mouth becomes more acttve 0
that they may smohe nd drnh to excess and et themselves into
corpulence They may termmate s did many sn Dunbars sertes
1n dependence on the public funds

Rennte from another 1pproach sums up the hypertensnve per
sonlity 1s one of Iife long emotional hbihity and 1nniey 1nd 1m
addttion to the usual truts mentioned we would snclude perfection
1sm ambition and over attention to bodily symptoms  The out
standing emouonal pateern appears to be one of resentment He
noted that this pattern 15 delineble n patents 1 whom emotiop!
factors seem to be apparent from the ourset of the disetse

A somewhat morc precse definiion of the nature of the pa
tents bastc mental quirks was obtuned by Binger nd lus colleigues
1n their study of the personality of hyperiensives They found 1
tather uniform pattern of failure psychic and somtc but did not
pretend causally to relate one to the other An excellens study
(Gressel ¢t a/ ) the mare fiscinating and comvinang because 1t w1s
controlled established on what seem adequate grounds that hyper
tenstves show generally signthicancly higher degrees of ssociation
with anxiety obsesstve compulsive behavior and subnormal 1sser
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tveness than do groups with defimte psychoneurosss o defimte
chronic disease of organic ongn This work confiems and valdates
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 cheomic and roncealed Tage 15 not as
obvious & tause not 15 the organic pattern of the disease conuistent
with hyperadsenal Faluce to ber the diff Iy
ground for many Limping analogies

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 o such
physical changes Among them anly mncreased anenal tension and
‘o some degree renal schemia charscrenze essenual hypestension
Pomnts of transition sy st} be found One such 15 the adrenororn
cat discharge elicteed by epmephrine Another 15 the cutious relanon
of nervous funcuon to renal pressor actvity What seem 1o be
10 taaces of such transinons are the usually wemporary hypetten
stve states seen i troops after bartle or 1n envsdians who have expery
enced such magpr disasters as that at Texas Gy m 1948
Since simlar of not identical muxrures of trends wre assocrated
with ather psjchosomanc diseases or tn the absence of somatic dis
rarbance 1t may be that the hypertensive personality can cause
the disease only i associztion wich some hereduary pateern of or
Ehme vastular-endocene susceptibility The ta may mungle in vary
rovohsng by
;’:iiis::i;\::n m lxk- f )cl that e b v of pachc
\ague pains snsomna “e:k:\ess) ;Zm::’m;;hf?dlﬁlthc drnncss
the stage of adaptation when Cumlau):m :\e e durag
as quantitatisely normal

One aspect of che ransition from personality dusorder wich
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substded 1010 1nhibiuon lame expression nd bursts of flaming re
sentment falling back in shimed composure 1nto a desie only to
keep the peace He may be able to trace the change from expression
to (nhibrion 10 some precipitaung reverse which threw the patient
bick onto his shallow emotional and ntellectual resources The
wife may say He was never like this before 1t was chen he took
up drinking  for some of these, patients find a release i alcohol
and by 1ts aid expand to soberly unattainable resistance to crincism
1nd ease of expression 1n which they may scek to establish their
domsnance by promiscuous sexual activiey Bue from alcohol they
gain hangovers from promuscuity venereal disease and from both
remorse As wnhubitory tendencies gan control they may lose the
ability to make decsstons and therefore the capacity for responsible
work While the mind retreats the mouth becomes more active so
that they may smoke and drnk to excess and eat themselves 1nto
corpulence They may terminate as did many in Dunbars series
1n dependence on the public funds

Rennte from another approtch sums up the hypertenstve pet
sonality as one of Iife long emotional Inbility 1nd anxiety nd 10
additron to the usual trasts menttoned we would include perfection
1sm ambitton and over attentton to bodily symptoms ~ The out

ding ! pateera app to be one of researment He
noted that this pattern 15 delineable 1n pauents in whom emotional
factors seem to be apparent from the outset of the disease

A somewhat more precise definition of the natute of the pa
tients basic mental quirks was obtained by Binger and his colleasues
i ther study of the personality of hypertensves They found 1
rather untform pattern of failure psychic and somauc bue did not
pretend causally to relate one to the other An excellent study
(Gressel ez al ) the more fascinating 1nd convincing because 1c was
controlled established on what seem adequate grounds th1t hyper
tensives show generally significantly higher degrees of associatton
with anxiety obsessive compulsive behavior and subnorml asser
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and progress The lagter 15 the more obyious and pracuical aspect.
Treatment here consists 111 the recogninon removal or acceptance
of the hazards and Afficultes of everydoy hfe wncluding the added
one of hypertension In essence 1t consists i the application 10 hy

pertension of the secognized techmucs of physical and mental by

pitne To de2l wath the psyche 28 cause 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
whuch often tender treatment difficult for the physiian 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 disease 15
discussed under che head genic hypertension  {p 6)
This term 15 proposed to snclude panents whose hypertension 15
mild, who do por show vascular degeneration or renal pressor acuv
1ty and whose symptoms, sometimes disabling are not tracesble to
organic dysfuncuon Some of these panents progress to established
esseatial hypertension with dvancang vascular disease and symp
toms consistent with renal pressor hyperrcuvity Although the tran
sition fas been obscrved 10 only 1 few cases, purs of fathers and
sons have been studied 1o whom the father shows full blown
essential  hypestension and the son of similar bwild and outward
personality, only the neurogenic phase
Thus, the accumulation of evidence, stansticnl, psychologic,
1nalynic and empeic suggests that 4 process pramantly mental may
presumbly in co operition wuth unknonn neurohumoral factors
result 1 essenual hypestension and thar this mingling mechanism
acts 10 an uncertan but large proportion of those who suffer from
the disease But the evidence (p 92) Jacks (1) the characterizauon
and (2), as we shall see the proof of cure which would establish
psvchogenesis Once the disease 15 established continunce of the
mental distress can only speed the onset of physicil disabihiry while,
1 the 1nterval, it accounts for much of the musery the pivent feels
The physictans prablem s onerous He must try to recogne the
personality peterns which may lead o hypestension and by modt
futng and protectng them atempt s prevenuon In established
cases he must puard against the temptinion to deal only with the
solid entrancing, sausfyng deruls of physical measurement Rather,
when psychologic factors seem sigatficant he must gave of time and
ungrudging emotional energy as a firm directng guide

PROCEDURI

Psychotherapy 1o hypertension 15 concerned with the psyche
esther a5 2 cause of the disease ot as 0 intensifier of sts spmptoms
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the ecrot of nnderstatement. In this way they becomte P‘“’“‘“‘g
able to cooperate 1n the Managerment In 50 domg they are aid
1n theie acceptance of thewr condition
The regime ~—We have already drscussed the unconstions trends
Ay found 1n the hype e patient. Where they have beea
euclogically significant newher the discovery of his disease not the
onset of disability with loss of vascular adiptation femoves them
ot 25 wehme supgesed ender condition may wresse the aspect
of dependency ‘The physicians duty 15 to accept the proffered de
pendency and gradually transfer 1t back to the pauent as confidence
1n humself and understanding of his condinon are yncreased Thus
catuies 2 heavy responssbility for the temptaton to wmpose a ngid
hfe progtam often physiologically unsound on a pauent who seems
1o be fioundeting for the lach of one 15 mofe than a physician who
15 domuneraning ot busy of merely lazy can easily ressst
Thus there will be 2 demand for a rule of Life which will cover
the questions of work and lessure test and play the moralowds
aucohof 2nd toboteo wse of 1ea and coffee the magic of diet and
often the problem of imsomma Qne of s has cosered most of these
elsenhere the text, intended for the patents use was necessardy
general The degree 1o which 1ts tecommendauons should be inds
wdually modihed rests with the physioran At leasc at the putser
when the patient hangs on his every word and ndecision the phy
sicans dos and don es should be sated defineely probably mere
dogmatically than scienufic accuracy mught justly and siege the
frobleat is ane of keeping the patient well rather than making him
annvahd the number of rules should be Jumited and therr charac
ter well proportioned 1o the patents emouons and sntedlectual and
financial possibilities
et S e i
Ruthless invistence on test 15 to be - d‘:; g of k«p 2 house
ger polh(!d out ]n art — ather = ‘\al‘ kim““‘
etial hypettension 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 acceptince 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
thesr mental working molded s st commonly 1s to their inchoate
dessres, m1y have been close to that of the ungle The jungle ethc
15 not comforung to one who 1s sich or prepaciag o be sch Rather
the patent thrown bach on hmself 1nd the phystcran may have
w© be helped in tns problem of necepting the achicvement of 1 more
landly point of view

It s not 1n the physicins province o organize the pasents
cthical 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 teligious philantheopic To the degree that
he ¢in understand the selected cxpression the physician may be able
1o ud 1nd encourage his puent

Understanding the discase —The extent to swhich the physictin
should explan the disease the torm it indivdually takes nd the
complications which may follow 15 1 mater of nice gudgment
Some pauents ate wrnhed by any approch to the truch and e
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 greatly uded by an accaunt of thetr condimon which avouds
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Dret —The problem of diet 15 considered 1n Chapres 16

The minor 1 1ces—Alcohol The geessions of the use af aleohal
and tobacco by the hypestessive patient ate suttounded by 1dols and
fears which affict the physan as aften a5 the patient With alcoho!
the question 1s not that of alcoholism or dipsomanta Ordinary use
of alcohol by the social drunher 15 complicated by his speafic fears
and the possibility of excess with resultant faugue excess smoking
and hangover Alcohol 15 10 be avorded when fears ate great or
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 vasodiator effect 18 she basis for
the occastonal prescrpnion of a glass of shetry before dinnet or a
hat toddy before tenning Mare effecave vasoddatars especnaliv of
the cotonary vessels and other hyproucs ate avalable whea aleohol
1s not acceptable There 15 some evidence that cholesterol athero-
sclerons of rabbits can be prevented by the concurrent adminustra
ton of alcohol some pathologssts 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 tms sorr. In any
cse a tecent 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 face that certain patents especally in the moraing
seem intolerant to inhalation of nicotine This 1s reflected 1. sym
pathetc sumulanon weakness fangue and vasoconstricpon partcy
lzﬁ!); signdficanc when 1t affects the coronary crculanon  Among
Sg‘; tfeuf:d‘? c;k:o 25; of 1obaceo 15 1o be intetdicted or strscrly himuted,

specific ¢ the sndimdual and 15 not a systemse

treatment of hypertension

Tt s not eay 10 decrde on the advantages of denscounized

gars and cigatets They thc’thﬂmsmn tuch anises from
o \
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15 a vascular response to the anxtery assoctated with emotonai con
fhice, the former proscription of exereise and work seems to have
been a step in precisely the wrong ditection § am confident that the
death of some hypertensive pavents has been hastened by physicians
who removed them from the only avalable form of aggression w0
which they had access

Useful successful work 15 a normal, desirable condition of hie
and with most people necessary The value of work to the hyper
tenstve lies 1 work as a part of the moderate Iife The adjustment
15 made by imitation, sc by of s cond w0a
level of satisfactory 1chievement conssstent with physical el being
Work 15 not an end in wself, but 2 means The patient should be
brought rapdly 1o this reabizanion Work, when inzermpted by sest
1s demonstrably more productrve for the hypestenstve, as 1t 15 for the
normal mdvidual The evening rise of blood pressure may be 1
terrupted by repeated periods of sest The panent will more eastly
achieve the nungling 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 o clock

The form of these periods of rest 15 Jess smporeant than the de
gree of relaxation they 1nduce Some rest 1n quiet and silence, others
sead and others listen to the radio In each case recumbency and
absence of intertuption should be assured

‘The problem of the letsure hours and the posnibthty of play 15
met by defimnon of their purpose which 15 that of surcease and
solace Play should fulfil the criterion of pleasure since the hyper
tensive patient may nos exce] without mote than a destrable degree
of physicat effort and mental strain compentne play or play 1n the
1ine of business should be discouriged Play docs not mean persanal
athleuc participation It may hic 1 a hobby m a ke 1 the com
pansonship of children or i pasticspation s community of soctal
effort. The usefulness and type of play selected depund on the de
gree of pleasute redized nad the concomitant release from tension
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Ansofac as there has developed a vicions qyele 1 whch the fear of
not sleepng, prevents sheep the ssarance that test may be obtained
by relaxation wuhout sleep 15 useful Empinic rules such as those
outlined by one of us for the patients use may prove benefictal
Most of these are marters af ordinary common sense Cercan pa
wenws may be led to a purposeful sausfyng and soluble train of
thought by application of Jacabsons method of  progressne relax
aton

When 1nsomma 15 2 real problem 1t 1s wsely met by the use of
hyprotc drugs Thesr recommendanon may be prefaced by the
explanation that they are not dope  for the feat of them 1s wide
spread owing partly to smusinformanon and partly 1o newtonc re
sstance The choice 1s made from the characeer of the msomeua
Difficulty in getung to sleep 15 countered by a quick acung barbiu
rate The same drug given on retning 1n enteric coatng may awd
those who wake at cockcrow  Alternatively a long actng barbiru
rate such as phenobarbital or amytal® (34-11% gr) may be gnen
2 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 15 goven 1n S 10 ot 15 gt dosage enther in sunple
soluon or 1n a mxture such as  hypertensive muxeure It has a

B Syr ac hydrona 048
Potasu bromid H
Chinral bydrans Py
Muc. acacta 00
Sy auranmi

Aq desc g5 ad 2400
S% dcc once twice or three tmes s day

tapid atuon and it may be that is taste ordinanly objecuonable
1S sometmes a virtue

The menapause 15 commonly associated with 1nsomnza At least
hatf the women wha find this penod one of grear tension formerl,
showed neutouc tends which the menopause only exagperates 'l'hy
ndetlying neuso 1s will not be cured by estragen The rension mq;
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the restriction of smoking to the extent that the nicotine 15 actually
removed and becruse therr expense and unaccustomed flavor hecp
the smoker within bounds of nicotine take Where there 1s ques
aon of a specific intolerance 1o smoking parual denscotntzation
does not seem 0 us to solve the problem

There 15 no rewson to doube the vilidity of Peatls strastical
demonstration that nonsmokers live longer than those who smohe
The degree of cusal association between smoking and longevity 1s
widely open o question There may be none Women who usually
smoke less than men 1n any case live longer, smoking uself 1s 1
symptomatic means of oral graufication and of rele1se from psychic
tension It 1s generally agreed that psychic tension shortens the
length of life Thus to the extent that smoking relieves tenston 1t
might be argued that 1n certain cases 1t lengthens the useful span
of the piuents existence

Thus 1n the face of the indecisions and contrundicanons which
surround both alcohol and tobacco the physician who would inter
dict or recommend them 1s on tenuous ground These problems
should be approiched on the basis of specific and objective evidence
avoiding 1like 10 exaggeration of the evils or of the possible bencfits
of esther substince

Coffee and te1 The use of these substances Iike that of alcohol
and tobtcco 1s 1 matter of ndividualizition Tolernce to the
caffetne they 1nd some col1 drinks contun 1s widely virble
Tachycardia sweaung tremor and light headedness indicate ex
cess The jumpy patienc may not realize that these drinks do more 1o
excite than to relieve tension The vasodilator effect of caffeine 1s not
therapeutically useful Equal benefit 1s obtunable from the use of
any other hot drink

Insonna—Insomas 1s probably more a reflection of underly
ing anxiety than 1 specific effect of the disease However what myy
seem stmple 1nsomn may be an carly mamifesertion of hearr fulure
(p 202) Idendly 1ts eretment consists in the relief of the anxicty
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Insofar as there has developed 3 vicious ¢ycle 1 wuch the fear of
oot sleepmg 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 mixmure such as hypertensive muxture It has a
B Sy ac hydrorat

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

Sig. 4ec ance tice or these umesa dw

e

apid stton and 1t may be that s taste ordmanly objecuonable
1 Sometmes a virtue

2400
7

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

™2 Reyrotic trends which the menopause only exaggerates The
uadetlying neurosis will por be cured by

y estrogen The tepston 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 ) dadly and, 1f need be, supplemented by small doses of long
acung barbiturates
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8 ercul’:txon mn E’u‘ly Hypertcnsmn

e

I GENERAL CONSIDERATIONS

Thuts SECTION (Chapters 8 and 9) porstays the cardiovasculas evo-
fuhon of the disease The vasculat pattern s considered under func
wonal and stractural aspects The funcuonal changes are thought of
as those which sustain the disease and those whach result from it
The strocrural aspect includes age-condinoned changes which the
vascular tree has usually undergone by the ume hypertension has
set 1n and the influence of high artersal pressute on these
Since strucrure and function cannot be divorced 1n pracuce theis
d 1 combined. Afrer general on the mecha
ausm of hypertension and structuse of the vascular system as hyper
tension finds and leaves 1t the discussion will proceed to the pattern
of change i the cotonaty artenies and myocardium elasuc and
muscular arteries and attensoles Diagnosue measures and relevant
modes of treatment ate noted as occasions arse The consideration
15 lumited by the fact that curculanon 15 quanutatively normal 10
most areas of the body early 1n the disease The uncertamn and taghly
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 dectescent stages—which 1 poiat of
urne are sometmes early—are assocrated wich partal or complete
fatlute of cirawlanon 1 focal areas The local aspects of falhing
adaptation are considered under the separate headings of vascular
105
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mnjury in 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 bastc consideration in essential hypertension 15 that we deal
with a system 1n which arternl pressure 15 incrensed 1n the systemic
arculation but except secondanly not in the pulmonary bed and
the right ventricle The increased pressure might 1n theory result
from increased left ventricular output the resistance to flow through
1ts channels of distribution remaning constant Or agamn 1t might
be due to increased resistance mn the systemic channels the output
of their pump being constant but the force of 1ts beat increased As
1t applies to essential hypertension 1n man the first posstbiliry may
be dismussed for cardrac output 1s not increased but ss often shghtly
decrersed The primry characrenisuc of the process 1s increised
vascular resistance perspheral to the pump This resistance might
result from increased viscosiey of the blood or from narrowing of
the channels through which blood must flow There 1s no evidence
to support the first possibiliry but a good deal to confirm the second
Hypertension then 1s characterized by increased resistance the re
sult of narroned channels of blood flow This narrowing might
occur varously in large arteries n small artertes and arterioles n
capillaries or concetvably on the venous side of the capillaries But
since there 1s neither cyanosis to suggest venous obstruction nor
pallor to indicate constriction of the capillaries the resistance can
not rise 1n exther of these sites The narrowed channels are therefore
artersal or arterrolar 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 artenial outflow mcreased pressure does
not appear as the sole result of restricted artenal ¢apaciy untd the
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splanchaic vascular bed 15 removed from the arcalsuon \‘(/; may
sherefore say that essential hypertension 15 characterzed by m
ceeased vascular resistance the result of widesptead narrowing of
precapittary channels presumably diffuse throughout the boedy

"The locale of the tncreased arcesial sesiscance may be found by
measusements of the extent to which pressuse falls 1 antenal chan
nels as the blood travels farther from the heart Normally the mean
attenal pressute of 100 mm He 15 decreased by about 30 mm Hg
1 wts passage through arteres to artenoles the blood entenng ar
tenotes at sbout 70 mm Hy pressure flows 1t the capillanes at
about 30 mm Hg The artersal 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 aad attenalar pressure
120 mm Hg while caplfary pressure 1s sull 30 mm. Hg Here thes
the arenial gradsent 15 normal and the attersolay gradent mncreased
© 90 ram Hg Since gradient of pressure expresses the resistance
to che flow of blood and since only the attersolar gradient 1s grearly
ncreased i hypertension 1t foliows that the increased vascolar re
sistance of hyp © d 1 the )

The arterioles are therefare 3 focus of iterest. They are small
short vessels whase precise dimensions are marters of dispute among
histologsses They range 10 diameter from 20 0 150 mullimicrons
Then tustologic structure 1s summarized 1n the statement that the
musculsr medid fortas the fasgest pare of the vessed and that s
thichness 15 about half chat of the fumen By thes extent 20d qum
ber their aggregate cross sectronal 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
stopcacks which controf the run-off of arertal blood into the capil
lanies Thus they constirute most of what we meaa when we speak
of petipheral resistance Morte than any other factor the state of

their muscularure determines the resistance o the outflow of blood
from anenat channels and the heart
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Arterial hypertension as a disease 15 one expression of an abnor
mal accentuation of arterolar resistance The extent to which func
tional abnormalittes of large arterses and particulacly of the heart
and aorta participate in 1ncreasing artersal pressuse 15 a discussion to
which we shall return But in this general survey we must turn now
to the structural changes which accompany and follow patholog
1cally increased arteriolar 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 1s
largely determuined by the age at which the disease 15 fully estsb
Iished and this as we have seen, 1s commonly 1 the late chirttes and
early fortres At this me some parts of the vascular system are well
advanced 1n senescence while others commonly remain youthful
and capable of a further wide degree of plasuc change The changes
due to hypertension assume the character of accelerated senescence
In this connection 1t 1s worth notng that the term senescence
(Lat senesco, I grow older) does not carry the conpotation of
established senility (Lat senlss, aged) commonly given 1 Senes
cent changes occur from the ttme of conception and even 1n 2
world whose advertisers consider youth a virtue no one need be
ashamed of growing old

In summarizing cueculatory senescence it 1s useful to consider
the cardiovascular system as 2 umt 12 which certain areas ate
specialized 1 structure and modified m function with advancing
maturity, although no one becomes dispensible The system orig
inates 1n hollowed out cords of mesodermal angoblasts along
shich tapid waves of persstalic contraction weakly provide a slug
gish stream Later most of the energy of the contractions 15 localized
and the force increased by centering 1t 1n wide and muscular porttons
of the tube As specialization proceeds 1n this the primutve heart 1t
advances along other lines m other segments Arteries large and
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small elasuc and musculas artenoles copilianes shunts and vews
ate dufferentated Basscally these are all regions of the whole The
system i one organ to which one term, swhas sngon mught be
applied of rs use would ebviate the musconception of ¢xediac doms
nance whuch the werm cardiovascular  seems 10 conney

“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<onditroned changes proceed in three phases—manra
ton momnry and dechine They cannot be sharply separated 10
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 untemutting physical
work althongh they may assume a stmar character in veins With
the phase of msturaton we have little to do The mamnty of ar
tetres « assousted with a sphtting of intumal elasne tssue which ar
fist seems fo wncrease 10 amount and then fragments Fragmentation
15 folloned by loss of elasuc ussue and irs teplacement by fibrous
ussue so thac funcuonally 1t 15 followed by loss of elasnairy and
beginmung decline Becanse the distending lateral and § dinal
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 axtersoles are rouscular rather thap clastic their
numal reaction with onset of dechire 15 an impregnation of sub
mumal connectrve tissue With & mixture of protein and bipid which
stns chanaceenstically as hyslme This deposic extends 1nward 1o
encroach on the lumen or outward 10 iavade the media.

1ate matunsty and early dechine are equally assoctated with re
gression of efastc and muscolar ussee and growth of connective
ussue 1n the heatt In the muscle brown pigment ss tad down 1o
fnereasing amounts at the nuclear poles from early decades The
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Arterial hypertenston as a disese 1s one expression of an abnor
mal accentuation of arteriolar reststance The extent to which func
tional abnormaltties of lege arteries and parucularly of the heart
and aorta participate 1n increasing artersal pressure 15 a discussion t©
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 onsec 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 in the late thirues and
early forties At this ume some parts of the vascular system are well
advanced 1n senescence, while others commonly reman youthful
and capable of a further wide degree of plasuc 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 sentltty (Lat semilss aged) commonly given st Senes
cent changes occur from the time of conception, and even i a
world whose advertisers consider youth a virtue no one need be
ashamed of growing old

In summasizing circulatory senescence 1t 1s useful fo consider
the cardiovascular system as a unit n which certamn areas e
specialized mn structure and modified m funcuon with advancing
maturity although no one becomes dispensable The system onig
inates 1n hollowed our cords of mesodermal angioblasts along
which rapid waves of persstaluc contraction wekly provide 1 slug
gish stream Later most of the energy of the contractions 1s locnltzed
and the force increased by centering 1t 1n wide and musculat portions
of the tube As specialization proceeds in this the primitive heart, 1t
advances along other lines in other segments Arteries large and
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soall elasnc and muscular anenoles capillaries shunts and vemns
ate differentiaced Basically these are all regions of the ‘.’f‘“ﬂ’ The
system 15 one orpn 1 Which one term, such a5 anglon rcht be
apphed f s use »ould obviate the misconception of catdiac dom
nance shich the tetm  cardsovascular  seeos 1o €ONVEY

“The uony of the system expressed 1 1ts seructueal and func
1onal Tesponses to stmmly for wuh differences of emphasts these
ate che sume v every zone This uniformuty appears in the reactions
to age which ate present at the onset of hvpertension and 1n thesr
acceleration which follows 1ts petsistence

The age<condiuoned changes proceed 1n three phases—marira
ton, matusey and decline They cannor be sharply separated
terms of years since they procesd 2 diffesent rares s different
tegrons The changes proceed most rapidly 1n artenal channels and
1 the Seart, Probably omang 1 greater and untemitun} Phvieel
wark although they mey assume & sunlat character 1 vewms With
the phase of marurauon we have hirle to do The manruy of ac
tenes 15 assoarated wath a spliting of inumal elastic ussue which ar
first seems to 1ncrea.e 1f amount and then fragments Fragmentation
& folloved by loss of efasuc tssue and sts replacement by fibrous
ussue 5o that funcuonally 1t 15 folloned by Joss of elas ey and
begnning dechne Because the distending latersl and ) dinal
pressisre temains the nefastic anenes dilate and elongare and, since
they aze fized at cecry points become tortuous The small chan
nels such a5 the artenoles are rustular rathe than elaste sheis
wngmal reacpon with onset of declwe 15 an impregnacea of aub-
wnumat coanectuve tissie with 2 mixtare of protetn and bip:d which
stams charactensstically as bpale This deposie exeends nward to
encroach on the lumen or outward to nvade the medis.

Late matanty and early dechine are equally assactated with te
gression of elastic and muscular ssue and growth of connective
tissue in the heart In the muscle brows pigment 15 1aid down 1n
\ncteasing amounts at the nuclear poles from ealy 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
endothchal connective tissue Through this course an increasing
number of minute capillary channels Deposits of lipid either by
imbibition from plasma or by conveyance in macrophages appear
as fatty streaks which phagocytosis may remove when the inuma s
sull young and thin But as age coarsens and thickens sts texture
the deposits are not scavenged away The fatty partcles coalesce
and around them forms a condensed hull of fibrous ussue The
localization of these deposits 15 not unexpectedly most tense 1n
artertes of predominantly elastc character Here snumal changes are
most profound especiaily at sites of acute branching where mechan
cal stresses are most intense and newly formed vascular channels
most abundant Some protection scems to be conferred by the arcer
es being enveloped 1 1 supporting ussue Here and there around
he Iipid deposit the collagen weakens and begins to necrose so
hat the lipids aggregate o pools wnd puddles of mush (Gr
theros mush) In other areas the fat 1s mostly removed 1 macro
shages and a thichened fibrous scar marks s wake As necrosis be
1ns 1n the base of the lesion 1t destroys first the fenestrted barrier
f elastic ussue then the scar which replaces 1t unul the process
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advances mto the media and repeats wself When the fitm of scat
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 diares and
lengthens the vessels but does not cbstruct them the atherosclerone
element may umpinge on the fumen o1 weaken the media As the
channel nartows or endotheliem 15 fost from the surface of an
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
concentraced m mamtenance of 2 nearly normal arananon through
nssue capiflanies 1 the face of increased arteriolar resistance To ths
eod the heart beats more wigorously arteral pressure nses ang
cardrac output 15 mamntaioed, In this the phase of adapavon thete
ace therefore no angiogenic symptoms of ussue ischemsa and only
scane physical sigas of local change The phase of farling adjustment
15 evidenced by sigas of wear and tear 1n affected zones 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
© mantain e pace The responses w0 overwork of even such com
plicared structures as cardiac and vascular nssues are few They can
not hke their possessars quic work ger dreck ot enter pohines
Rather they must proceed although at an accelerated cae and sty
added hazatds in much the direcuon they were going when the dise
ease had s onset Hypertension speeds the senescence of attenes
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muscular stritions disappear n the path of advancing deposition

The phase of established decline 1s termed senile fibrosss It
results 1n decreased functional capacity of all ussues bue does not of
uself place life 1 nstant jeopredy However since fibrous subeado
thelial ussue 1s highly susceptible to atherosclerosis the process
though not necessarily an obstacle to function 1s one onto which
disease 15 esily grafted

ATHEROSCLEROSIS

That atherosclerosis 1s a disease not casually to be dismissed as
1 problem of aging —as 1f a problem of aging were dismussible—
1s indicated by the scatter of its occurrence 1 age and disease groups
and 1s more parucularly attested by its rinty 1 animals other than
man The process begins 1n the matrix of decrescent thickened sub
endothelial connective tissue Through this course an increasing
number of minute capillary channels Deposits of lipid esther by
tmbibition from plasma or by conveyance n macrophages appear
s fatty strerhs which phagocytosts may remove when the intima 1s
stull young 1nd thin But as 1ge cotrsens and thickens 1ts texture
the deposits are not scivenged wway The fatty particles conlesce
and around them forms a condensed hull of fibrous tissue The
localization of these deposits 15 not unexpectedly most intense 1
artertes of predommantly elastic charicter Here intimal changes are
most profound especially at sites of acute branching where mechan
1cal stresses re most mtense 1nd sewly formed vascular channels
most 1bundint Some protection seems to be conferred by the arter
tes being enveloped 1n 1 supporting ussue Here and there around
the lipid deposit the collagen weahens and begins to necrose so
that the hipids aggregate 1nto pools and puddles of mush (Gr
atheros mush) In other areas the fat 1s mostly removed 1 macro
phages and 1 thickened fibrous scar marhs 1ts wake As necrosts be
gins 10 the base of the lesion 1t destroys first the fencstrated barrier
of elastic tissue then the scar which replices s untl the process
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them and goes on to their finer branches as they weave bashet e
1nto the spiraled muscle bands of the myocardrum But sysiohic wen
sion of entricular muscle slows the onward fos snto the deep myo-
cardal capillaries Tn dustole the reloung myocasdum lessens the
reststance 1o fiow through termsnal sessels and bleod flows steadly
throsgh under the gradually decreasing duastolic gore pressure A
yclic onmard fow 15 thus mamtamed sn both phases of the heatts
beat, but the volume flow and effecuveness of ussue perfusion are
probably greater 1 dustole ncreased aornc dustohie pressure in
the absence of coronary vasoconstricrion causes 2 pasallel crease
10 duastolic blood flow Apare from the mechamical faceors of systolic
and dustolie pressures which determine cotonary blood flow the
atonomic nerves of the vessels may cause them to difate or constaic
Further humotal samuls (adrenahne angiotonin) may alwer their
set ocally formed substances derned from the normal merbohism
of musele (€O, ademne) may dilate them Histamine and other
subttances abnorsmally Iiberated at the site of muscle necrosss may
do the same Coronary flaw s thus adjusted by aotuc pressute and
arduc systolic effort on the one hand, and by teflex aad chemical
stunult which tend to vary the flow of blood 10 meer myocardial
fequirements on the other
This adjustment, though exact over marron 1anges of effore 15
oot all-compelling Thus duting strenvous exeraise when the work
of the body and cardsac output may be increased about tenfold cor
onary blood flow increases only three or faurfold, The great capac
&lly “(l d‘;: wma};\c muscles for brefly suscuned energy ourput 15
oy of o o et Tempory
gen s\!;;ply This (h:zncx;atd:bmh oo bioad flow and ther o7
1n notmal heares merz zxun‘:: ;‘:’:‘:‘i: gt; E:::‘::l:ha ;nm‘
tequisements of myocardual muscle and the possibility of (hei Z:‘E
mene a narzow. one ‘The relanon beteen reduced capaciry for exer
ase w hypettension and <oronary attery sasufficiency 1s thus appar
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toward premature semiltcy Senile fibrosis 1s exaggerated, atheroscle
rosts becomes more intense and, since arterioles are the focus of
much of the wncreased effort they regress at an extcaotdmanily rapid
pace and desert the usual order and at umes the character of thesr
change

II THE CORONARY CIRCULATION

One logteal procedure in constderation of hypertension whuch,
although ansing 1n arteroles reflects 1self 1n the whole circulation
1s to travel with the blood from the heatr much 1n the manner pre
scribed by Virchow for orderly autopsies The fisst avenue of dister
bution of blood 1s formed by the coronaty circulation These arcertes,
normally two right and Jeft, arise an ostia at the base of the zorta
and, passing to their dstributions, circle the top of the heart Like a
coronet Under basal condittons the volume flow of bleod theough
the two of them equals some 5 or 10 per cent of the cardrac 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 a good
deal of anatomic varnation in therr disttabution and sometimes an
accessory artery at the ongin which replaces the anterior descend
g 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 ventrcular muscle and the neuromuscular ussue as well re
cewves 1ts blood supply from the left coronary artery, the night coro
nary noursshes most of the right ventricle n about GO per cent of
hearts the sinoaurscular node and in some 80 per cent the sio
ventricular node also In roughly S per cent of hearts all neuromus
cular ussue and i 10 pet cent all but the sinoaunicular node 1s
supplied by the left coronaty artery

During systole the sharp rise of aortic pressure forces blood 1nto
the main coronary acteries The blood passes through and distends
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would have to be considered mam channels However when ob

struction of a coronary attery o of one of 1ts branches has greatly
reduced pressure in some distal branch blood may flow from a small
collaterat of tugher pressure imto the atea of tower pressute As the
cotateral flow persists st 15 1ncreased by cheaucal rasoditators and
possibly reflexly so that its volume nses the changnel enlarges and
the vessels walls become more fitted 1o their task The effectineness
of collateral perfusion 15 thus increased until some point of equilib-
pom s reached In this conaecuon the increase with age in the size
and visible nupaber of anastomoses of vhe nght and left cotonanes
siswadued by some as @ sost of teleologic preparaton for the onset
of lefc coronary arteral occlusion 1 functionally ineffecune As we
hase seen the drameter of most artenies ncluding coronaty colfat

erals wicreases wth senule fibrosis Funcuonally corenary occlusion
15 more frequently fatal in old age Some of the increased number
of thanmiels probably atsse from wsufficient petfusion and pressure
. branches of the left catonary attety

CoroNARY CIRCULATION IN HYPERTENSION

In considenng the oronary circulatian m hypertension we ate
faced wath the face that us arteries more than any other branch of
the aorta age prosie 10 changes of agmng

The general classificauon of arteries nto muscular and elaste
pes muse be noted {a general peripheral attenes are muscular
and subject wthout much loss of funcuon 1o deposition of ealcum
wn thewr meda Central arreries typreally the aotta are predomu
oanely elasuc racher than muscular and as such are predisposed o
atheroscletosis This clasficaton Lke many angcher has an un
happy may of himpiag jusc when 1t could be useful foc the coro-
naties. musculas artenes n youth become 1 some measure efasuc
and 1n farge measure fibrous 1n muddle age which lde life 15 re
poted 10 begim at 40 Senescent changes appear before buth and
are alnays more advanced in the left thag 1 the nphtartety so that
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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 considetanon which underlies these or any rtenal 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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would have to be considered main channels However when ob-
struction of a coronary artery or of one of 1ts branches bus preatly
reduced pressure 1 some distal branch blood may flow from a small
collateral of hugher pressute 1nzo the area of fower prestute As the
collateral flow persists 1 35 mcreased by chemcal sasodilators and
possibly reflexly 3o that 1ts volume nses the channel enlarges and
the ves els walls become more fitted to theie tash. The effecuneness
of collateral perfusion 15 thus increased unud some paint of equilib-
fum 15 reached. In this connecuon the wncrease Sath age 1n the se
and visible pumber of anzstomoses of the nght and lett cosonanes
visualized by some a5 a sort of teleclogic preparation for the onser
of left coronary antenal oxclusion 15 funcuonally weffectne As we
have scen the diameter of most artenies 1ncluding coronary collat
erals increases with senufe fibross Funcuonally coronary occlusion
15 more frequently fatal in old age Some of the ancreased number
of channels probably arse from insuficient perfusion and pressuce
tn branches of the left coronary artery

CoroNaRY CIRCULATION IN HYPERTFNSION

In cansidening the cotonary arculavon in bypertension we are
faced with the fact that 1ts artenies more than any other branch of
the aortz ate prone 1o changes of aging

The general classification of artenses into muscular and elasuc
types must be nored In general penpheral arenes are muscular
and subject withaur mach foss of funcuon, to deposition of calomam
w their meds Central areeties typically the aorea, are predanmy
nanty elasuc rather than musculas and as such are predisposed to
atherosclerosts Thus classificaton Iike many anocher has an un
bappy way of hmping qust when 1t could be useful for the coro.
nartes muscular areenies n south become 1 some measure elastic
and m farge measure Fbrous o muddie 2ge which hke Lfe s re
pacted 10 begin a1 4D Senescent changes appear befare burth and
are always more advanced in the left than 10 the fight artery so that
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structurally the left coronary, notably 1ts antersor descending branch,
15 10-20 years older than the nght The first change splis the inter
nal elastic lamina 1nto two layers so that the thickness of the ntuma
increases although 1n childhood 1t does not commonly exceed thae
of the medn In the second and thied decndes a Inyer of connectne
tissue forms 1n the intuma under the endothelum 2nd by the fourth
decade the thichness of the mtimal layer may many tmes exceed
that of the muscle, the preponderance of intumal nssue 15 collage
nous rather than elastic About this ime the elastic layer begins to
fragment and break 1nto short and ieffective strands Thus, three
phases of chinge may be recogmzed (Aschoff) (1) a petiod of
accelerated grow th, especially of the left coronary artery as it heeps
pice with the growth of the left ventricle, (2) a penod of estib
ltshed development, and (3) a phase of regression with change
from elastic to connective ussue

CORONARY ATHLROSCLEROSIS

Coronary atherosclerosis appears as senescence develops 1nd ac
cording to some observers, earlier 1n America than 1n Europe It 15 so
common on both contments that some view it as one of the phe
nomena of arterral regression

Here as elsewhere 1t begms with fatty subendothelnl deposits
which extend to form atheromatous plaques They seldom encroxh
on the lumen untl the third decade and 1t this time are more often
present only 1n the left corontry 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 snto smaller branches and
eventually, into the night coronary The onset of atherosclerosis 15
enhanced by mtimal thickening 2nd a high degree of iatmal thich
ening 1n middle life 1s charactenistic of the coronary arterics

It 1s therefore not surprsing thit coronary atherosclerosts 18
often reflected 1n manifest disease 1t 15 surpnsing thae the relaton
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ship was not tecogmzed before John Hunter died and that frank
coranaty afflscuon 15 ot more frequent. Unfotrgnately for precision
terms sach as sclerosts and even atherorma have diffetent meanings to
&fferent ohservers Degrees of change which one will note as con
wimang enidence of abnoemaliry another may distegard Tl:ns while
some considet ath of the ¢ almost ¢ present
after the fifth decade others find 1t only common Homeves this may
be 1t 15 upon this play of antersal change that hypertension s 1m
posed and this most commonly at & tne Shen 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
culaon 15 an increase of systolic and distolic pressure Because of
the increased systolic myocatdia) effors there 15 probably lude
change 10 systolic blood flow and 1 duswle the tendency to m
creased flow may be countered by sncreased vasealar tesistance With
marked hypertension 1t may be thar the volume of systofic flow x5
tocally decreased 1n the mnermost bands of muscle

Hypettensian also scems 10 accelerate the lethal progression of
senescent changes in the arteries and artenoles alchough wncertain
tes of definion make 1t 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 LOIONICY Artenies 15 pres
ent 19 90 pet cenc of hypertensive patients seen at AVLOPSY an incs
dence much higher than that 1n nonhy pertensises of sumilar age
groups although common among normotensives at the age of 70
of over An experimental demonstration of the influence of fhyper
TEnsIOn On coronaty actenal disease 1s made by nature Coronary
atheroscletosss 1 rare among normotensrve females 1n younger age
groups This selame wsascepubility all bue disappears 1 the pres
ence of by pertension

Before considening the tssues they perfuse we must wurn from
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the larger artersal branches to the small arteries and artenoles of t
coronary bed The smaller branches of the arteries come off almo:
at right angles 1s they enter the muscle ind therefore re not in t
streamline of pressure They are also closely invested and supporte
by the myocardum Even though severe chinges appeat in the mat
artenses with agng the small corontry artenes nd arterioles shor
at most only shight inttmal hyalinization In hypertension like othe
wterioles they are constricted and their media hypertrophic Sul
they 1lmost ~lone among small 1rterial chanaels farl to show th
severe regressive mumal changes which are the fate of such vessel
elsewhere during the progress of hypertension Thus the genera
rule that hypertension specifically affects and 1njures arterioles doe
not apply tn the myocardium Here the mjury 15 usually erther at
ternl or myocardial

I THE MYOCARDIUM

Whle we assign ro artetrolar vasoconstriction a primary fole i
the pathogenests of hypertenston we recognize that no increase ol
pressute can follow an increased resistance unless there develop
some incrense in the force of the hearts beat Since the arteriola
vasoconstriction 1s systeric and not pulmonary the augmented force
of the hearts beat 15 lopsided It expresses wself as a provision
the blood of greater hinetic and 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 pressute and forces the blood through constricted
artersoles at abour 1 normal rate 1n dnistole The perfuston of the
body tissues 1s matntuned

Teleologically cardtac wgmentanon in 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 vasomotor centet possibly because 1t 15 threatened
with 1scherma 1n some sensitive endpiece Further as we shall see
when the renal pressot system 1s active 1S effector agent anpiotonn
ditectly sumulates cardue muscle of uself affects the vasomotor
centers Bur 1f we sisualize that by porhencal moment at which hy
pertension had its onset and penpheral resistance first increased
we can see that i dustole a residue of blood would remain w the
teft ventaicle Diastolic size of the veatncle would be increased and
the muscle fibers accordingly stretched Cardiac muscle 1n the pat
tern of Starhing s law responds 10 1acreased steetch by increased con
tracuon and, 1 succeeding contractions ressts stretch Cardiae out
pat s thus matntaned at of neat the level shich exssted before

peripheral resistance had increased dustolic volume In this manner
hy may be dered as beginmung 1n comg d car
diac dilatauon 1o which mechanism other myocardual sumuly may
e added

The augmented cardiac effort of hypereension smphes an
arease 0 cardine woth since 1t imphes the teansfer of a mass the
cordiac curput, through space agamnst a gteater than normal resist
ance Mechanical models or phystologic preparauons such as heart
fung pravide dicect means of measunng, cardiac work at such dif
ferent levels of resistance These measurements cannot be directly
amsterted o the pavent. Indirectly 1t may be shown that cardiac
work 1n by perension increases roughly in broporuon to the inceease
of systofic artersal pressure or may exceed this ratio Thus an in
crease of pressure from 120 80 to 240/130 mm Hg doubles the
sork of the heart. The physician can at tmes esumate the energy
refeased in cardiac systole by palpation of the apex beat and auscul
@ton of the apical first and aoruc second sounds True some of
the accenwanon of beat and sound 1n hypertension 13 the tesult of
fotation of the apex toward the chest wall dunng left ventnenlar
hypertrophy whuch smpares an added 1otensity of apical throb
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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 therefore
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 ndridual sze and i sggregice aumber so
that the mass of cardhac muscle 35 enlarged. A deeper stronger cham

ber 15 thus provided 1n the pump and cardia¢ output 15 mantuned.
“Another avenne of adsptabon and one which chmically seetns less
efiecuve, 1s the onset of tachycardia A rapid heart mae 13ues the
pressure at which Blood 15 discharged and mag mamtatn the autput
aganst increased tesistAnce but only by encroaching on myocardial
feseIve

HYPIRTROPHY

The nature and ongin of hypertsophy 1s sull a vexed and puz
2hing quesuon and one which carnes s snto 2 consideranon of the
late and damaging end results of hypertension

The analogy with the blacksmuth s biceps 15 obvious but disap-
poWnog 1t 3 oot at alf certam that increased cardise work slone
accunts for hypertrophy Even granting work as the ulumate sum
ulus to the growth of cardsac muscle questions tegarding the natee
of the proxumal sumuli which act directly on the cells remain
Trophic nersons wfluences are nor readily excluded.

Chemmical sumult for example the merabolic producss of
creased wotk and the hyp which must ac y 1t, may
operate 1n part. The most probable sumulus 15 that which first
caused the fibers 1o respord winh increased effort 1 therr stretch
t7g by an actat or porential screase of diastehic cardie volume
Since the heart as 2 vhale and more so the lefr ventrcle megeases
n size with growth 1t may be argued that hypereraphy s 2 physt
ologic process Convicion 1 given the argument by the demonstra
tian that myocardut fibers increase i number and diemeter The
Bhets of the hypertrophied heart ate ke those of the normal gdule,
sull supphied by 2 capiflary The devsation of hypertrophy from the
natmal pattern lies 0 the fact that the excessively large muscle fiber
18 noursshed by 2 capallary of only moderare aren Because of this
dispropornan the rapid mransfer of nuierss 2ad metabolnes 15
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slowed and function 15 jeopardized Briefly the process 1s one 1n
which the hy pertrophying myocardial fiber outgrows 1ts capillary
If this 15 true of the capillartes which distribute the blood 1t 1s 1
some degree true of the arterses which bring the blood Normal car
diac growth and maturation are accompanied by corresponding
increases n size and capacity of the coronary arteries during hyper
trophy the artenies do not grow but as we have seen usmlly
undergo accelerated regressive and occlusnve change The hypertro
phted heart then 15 erther actually or porentrally 1schemic Ischemn
may turn on 1eself to cause hypererophy for as ischemn jures the
contracule power of the muscle 1t 1llows stretchung and this despite
marginal nutnition stumulates growth Thus hypertrophy may de
velop during attacks of cirdiac farlure or when the heare is perfused
with venous blood from 1n wbnormal ongin of the coronary arrenies
tn the pulmonary In this manner there 1s created 1n hypertension 1
vicious circle of hypertrophy 1n which the adaptive response imjures
the nutrition of the muscle 1nd the perverted sumulus of stretch
cses rowth toward weikness rather than tonard strength

MyocarDIAL ErricicNcy

In hypertension we have at the ourset to deal with 2 heart work
ing under a distdvantage 1t more than 1 normal pace for its load of
work 15 increased and its blood supply 15 dimimshing The sitnation
1s analogous to that of 1 motor whose load s smcreased which can
not be temporastly replaced for repur and which once sulled 1s of
no further use The hearts tolerance of these njuries depends on
the efficiency with which 1t continues to worh effictency berng un
derstood as the amount of work done per unit of energy consumed
The 1solated mammalian heare has an efficrency of about 10 per cent
(steam engine 10 electtic motor 50) Data for such cilculations
are not avaulable for intact amumals or human beings However an
sndirect approich permits an estumate of the economy of cardac
effore 2 value which expresses the ease with which the hewrt meets
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changing demands for work Comparison of values for this ndex
1n normotensnves and hypertensives indicates tha the heart in un

complicated By pertension does s Jasger shase of work with less
dan a proporuonat expenditure of effore. The heatt of the hyper

tensive 15 at first more sathes than less efficiene It has 1t seems
adapted to increased work along the patrern of mcreased effinienty
adapted by the tratned athlete of the experienced mdusttial worker

But while 1t 15 a more effiient converter of energy o disadvan

tapes have been rmposed on it One 15 that the heart has reduced
1ts margn of capscicy for o further inceease 1w wotk by sewiag the
basal level 1o what before the onset of bypertension was the zone
of carduc reserve Anather and mote senous disadvantage 1s that
mereased work  howevet effient, buings intreased wear and 2
greater Iikeihood of early breahdown The sccumulared effects of
tachycardia arteral wsuffictency capillary madequacy and loss of
myocardial fiber here and there 2dd hidden loads These ultimately
reduce the Ievel of efficiency below the normal so that the heart
farls prematutely The heart cannot eat 15 cake and have 1 wo But
during the phase of adjustment 1o hypertension 11 eats a lutle cake

Added © these unavordable tolls of the hypertensne process 1s the
fact that anxiety 50 common among panents with hypertension has
pronounced effects in whipping up the outpuc of the heart

IV THE ELASTIC ARTERIES

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

These artenies whose walls are compased predomunantly of
elasuc fbers are the aorea pulmornary 1anominate and subclavian
arteties and the proximal portion of the common caropds In chem
at elsemhere suructure s the murror of funcrson The elasuc nssue
of they walls permurs them o expand ke elasuc bellows and 10
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slowed and functon s jeopardized Briefly the process 15 one 1
which the hypertrophying myocardual fiber outgrows its capillary
If this s true of the capillaries which distribute the blood 1t s it
some degtee true of the arteries which bring the blood Normal car
duac growth and maturaton are acce panted by corresponding
ingreases 1n size and capacity of the coronary arteries during hyper
trophy the arteries do not grow but as we have seen usuall;
undergo accelerated regresstve and occlusive change The hypestro
phied heart then 1s esther actually or potentially 1schemmc Ischemi:
may turn on stself to cause hypertrophy, for as 1schemia njures the
contractile power of the muscle 3t allows stretching and this despire
margmal nutritton sumulates growth Thus hypertrophy may de
velop during attacks of cardiac failure or when the heart 1s perfused
with venous blood from an abnormal ongin of the coronary artertes
in the pulmonary In this manner there 1s created 1 hypertension
wvicious crcle of hypertrophy 1n which the adaptive response injures
the nutriton of the muscle and the perverted stumulfus of stretch
causes growth toward weakness rather than toward strength

MyocaRDIAL ErriciCNcy

In hypertension we have at the outset to deal with a heart work
ing under a disadvantage at more than 1 normal pace for tts load of
worh 15 increased and 1ts blood supply 1s diminishing The siuation
1s analogous to that of 2 motor whose foad 1s increased which can
not be temporanly replaced for repatr and which once sulled 15 of
no further use The hearts tolerance of these injunes depends on
the efficiency with which 1t continues to work cfficsency being un
derstood as the amount of work done per unit of energy consumed
The solated mammaltan heare has an efficiency of about 10 per cent
(steam engme 10 electric motor 50) Data for such calculations
are not available for sntact animals or human beings However an
indirect approach permuts an esymate of the economy of cardnc
effort & 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
cpaue degroeratan of the mediz (p 110} la 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 pare of the blood which enters them n systole so that
penipheral arteries are spired a sudden increase in pressure and ise
1n rate of blood flow As pressure falls i diastole, the elsuc walls
rebound like springs and force the blood on A umform speed of
peripheral blood flow 1s thus mamtamed In this function of systolic
storage and diwstolic discharge the aorta, because 1t 1s largest and
nearest the heart, 1s the most significane It 15 also the most com
monly discrsed

SENESCENCE

Llastc tissue the vital rubber  as Gideon Wells called 1t wears
and, with the passage of tme and effort, comes to 2 pomnt where 1t
does not replace stself Some have hypothesized that this ussue loses
1ts growng power at about 60 years of age whereas connective tissue
can reproduce tself 1nto senthty Whether or not this concept 1s
valid 1t has value 1n considening the Iife story of elastc artenies
Therr 1ge changes are not unlike those of the coronary inuma In
the snfants aorta the clastica interna splits and subendothelial i
brous tissue forms Thss elastic splitting continues outward mto the
sparsely muscular medtt unul with the passage of ume, elastic
ussue 15 lost and fibrous tissue replaces 1t The vessel then begins to
Jose the quality of elasticity, so that 1t distends less casily 1n systole
and fails to restore 1ts volume 1n diastole As a result of lateral pres
sure and weahened circular elastic bands the rorta increases 10
cross section Becuse of longitudinal pressure and disrupted longt
tudinal bands 1t also ncreases i length and having fived points
becomes tortuous

With decreasing eltsticity goes mmpairment of the function of
alternate storage and discharge of blood Since the systolic volume
of blood cannot quichly be recened elsewhere systolic artersal pres
sure tends to fise and since elastic rebound 15 dumnsshed diastolic
pressure usually falls If diatation 15 mathed even a slight ability
to stretch 1n systole may permit a constderable increase n storige



PLRIPHIRAL VESSFLS 127

and that aithough the capacity of such patients for ardinary woth
1 not decreased their vital capacty 15 commony reduced from 2
notmal 2500 ¢ per square merer of body surface to 1900 cc This
screased pubmonany blood volume may express 4 partal faslure of
lefe venurmular sdapraton o the strain of mcreased pressure of as
seems mote Ithely 2n increased effort of the night ~entnicular mus

cle which theows blood nto an eanily distended system of channcls

V PERIPHERAL VESSELS

Blood leases the storage bed of the elasuic arteries 1o enter ves
scls whose funcuon 1s to channel ws distribution Nervous and hu
moral agents modify the volume of this distnbution according o
ussue need and systemic reaction The walls of the distrbuting
channels are therefore predominancy musculat The blood enters
some of them at streamlined angles which nescther greatly disturb
the smoothness of flow nor distort the mural steucture Such ves els
the diacs below carotds and subclavians sbove show a eransition
from efasue 1o muscular pe Visceral aoruc branches differ sn that
they are short the angle of thesr exit 13 acute the scream 15 turbufent
and the change from elastic to muscufar ussue 1s abrupt The acute

branchings are sites of peedilecuon for atherosclerotc deposits which
thesefore are seen here early

MuscULAR ARTERSES

The tadual 18 2 typical muscular artery and also the atery wath
whuch the physician s most familr Is wall 55 composed largely
of muscle cells the tntma 15 tun and the elaste tssue largely seg
regated in slender sheers The wall 1> richly snnervated aad hughly
Yesponsive 1o nervous influence so that spasm spreads readily along

it Indeed spasm of ws digieal branches of distebution seems to un
dethe the pheromenon of dead hngess 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
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old before their ume Here note should be made of the varble
resistance of the vital rubber to age and wear, and this not only
between individuals buc also betw een arteries Thos there 1s no nec
essary correlation beeween the severity of aoruc and coronaty artero
sclerosis 1n the same panient although the two processes usually
advance together

A common resule of hypertension 1s that the 1orta dilates and
becomes elongated so that its pulsation 15 apparent in the supra
sternal foss1 The nnominate rery~and this more commonly 10
femles—may dtlate and present as 1 mass beneath the sternoclerdo-
mastord muscle Ulumately the accidents of serious disease may 10
volve these vessels, particularly the aorta 1n parual or complete
rupture

THE PUI MONARY CIRCULATION

Essential hypertension at 1ts outset 1s from the heart's powt of
view lopsided for 1t arsses 1n the carculation of the left and not that
of the right ventricle Pulmonary hypertension when 1t occurs 10
essential hypertenston 1s 1 result esther of lefe ventricular failure of
of obstructive pulmonary artertal disease If we pose the question
why 15 the pulmonary airculaton spared the sumulus which affects
the systemic arculation the answer 1s that probbly 1t 1s not spared
the whip but rather fails to respond to 1t

Pulmonary artersa] pressure 15 normally Jow about 30/10 mm
Hg the arterioles of the lung are not highly muscular structutes like
those of the perspheral circulation the power of the nght ventrcle
1s much less than that of the lcfe Thus a vasoconstrictor stmulus
which would greatly increase systemic arterral pressure may cause
lsttle or no change 1n the pulmonary circuste

Measurements of pulmonary crculiton ame uncomplicated
cases of essential hypertension indicate that there 1s no retardation
of blood flow Weiss and Ellis obtuned evidence that the lungs of
hypertensive patients contain more thin the normal volume of blood
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ARTERIOLES AND SMALL ARTERILS

“The state of small artenses and arterioles 1 especally significant
In them arse the increased peripheral resistance that chacaceerizes
essential hypertension the extracardac disabilities wnadent o the
dsease and the preponderance of 1ts histologic changes

Since these stall vessels are composed almost wholly of muscle
muscular bypettophy 1 the ordinary concomtant of hypertension
and fibrosis hete as 1n the heart 1ts sequel Thus the charactensuc
change of hypettension 15 medsal But, as in larger vessels changes
of senescence concentrate 1 the inuma Here 1t begims wath splitung
and increase of elasuc ussue and subsequent deposition of hyaline
The yalne material deposts eccentrically and 1 arregular seg
mental fashuon As the process advances 1t extends into the media
and replaces 1t and 1nto the lumen which 1t parually obstructs Such
severe hyalinizanon in Senescence 15 10 normotensnes limited to
spleen and pancreas In somewhat larget vessels intermediate be

meen atterioles and small artenies severe hyalimzanon apparently
sriates the endothel causing 1t to prolift

mto the lumen.
The sequence of these inumal changes represents syolutional ar

tenosclerosss and atherosclerasis as they are modified 1n appearance
1o munute vessels This 1nterpretation 15 confirmed by the fact that
like atherosclerosis hypertension ordinarily causes these changes not
to assume a new character but to be accelerated and diffused

The accelerated inumal and medual arteniolar regressions due to
bypertension combing to thicken the wall of the arteniole o that
from a thickness of about half that of the lumen 1t becomes a more
conspicuous pare of the vessel This increase of the rato of wall 10
lumen may be esumated by averages of measutements made from
aretioles 10 blocks of ussue (Table 6) From these values it il be
seen that 1 hypertension the severest changes of this sort oc
splecn and hudney and the least 1n the heart, Further 1 the sa;t -
although increased by hypetrension the phenomenon 15 foui;e :1
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atteries may be sumilarly affected, so that similar neurogensc spasm
may underfte some stregularly oceurning gastrointesunal complaints
of hypertensive patients These spasms may appear sn the absence
of hypertension They are evidences of vasomoror dyshuncuon 214
not part of hypertension as such

As the sadial rtery ages, the course of its change s an attenu
ation of that described in the coronary artertes Sphitting of the
elasuc lamsna does not begin unul age 20 or 30 Subendothelul
depositton of fibrous rissue 1s delayed until the fifth decade and never
reaches the degree concurrently present in the coronanes In fact, the
thuckest radial artery of the man of 65 years or more 15 comparable
to the coronary artery of the youth of 20 Atheroscleross when
1t appears n this or sumilar vessels, 1s nesther extensive nor sig
ntficant Medal calerfication s common  especially i chose accus
tomed to manunl labor Apparently becanse of its relation o physt
cal movement, calafication 1s alnays more common m the vessels
of the lower than of the upper extremity But 1n nerther site does 1t
often impuir the function of the vessel by leading to occlusion In
contrast medtal calcsfication 1s uncommon 1n the coronaries, occur
ring 1n about 10 per cent of adults Thus the state of central artenes
notably the coronaries cannot be estimated by radial palpatton

The quality esumated sn the sensation of radsal thickenng 15
obscure In senescence 1t 1s not an sntimal change 1t may express
medial calctficanon and fibrosis In hypertension st indcates the
tonic contraction of the vessel for muscular arteries lihe muscular
arterioles are constricted by this disease Conntnued astenal work
leads 1o hypertrophy and some fibrosis these also may be apparent
to palpation Clearly radial thichening does not deserve the empha
sts which some clinicians have placed on 1t

The discase patterns of other muscular arterses such as the
brachial and femoral are much the same as those in the radial To
the brachial artery the common stte of estimations of artenal pres
sure, we have referred
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of the fenion suggests infection but tather because 1t 15 11 nppc:;ran(c
\nfarmmatory Enhet artenolar change leads to occlusion and exu
dute forms atound the necrouc areas extending oug info tssues
whose blood supply 15 suil itact and chohung them off as flames
pass from one cronded house t0 another

In essence the difference brraten essential and malignant by
pentension 15 the dsffesence betaeen sclerosis and necrosts between
aging and death A necroszing vasculat change occurs 1n normal
people 1n ateas of inflammation and i the uterus during involution
By analogy wuth utenine arterioles the vascular lesions of malignant
hypertension may be viewed as a sott of 1ntensely accelerated regres
sion white by anatogy wuh aritrioles 10 atess of inflamemanon the
patuapanon of toxic products of ussue decampostaon may be sup-
posed. In th. fatter connection there 1s goad evidence that vascular
fesions stmufar to those of malignant hypertension may be nitiated
by the injection of tissue extracts particularly exttacts of renal tissue
Thus maligaznt hypertension may tepresent the introducton mto
the pattern of hypettension of an cbscure angiotoxic factor Since
these changes are most common and severe 10 the Lidneys where
they cause widesptead tnjusy attention has concentrated on the asso-
cunon of this type of injury with renal failure Under Fahe the con

cept has crysaallized ameo that of malignant nephrosclerosis

a
1erm which the

p ce of g J
2nd renal farluze But mast abservers agree that ns precse histologe
delimtanon 15 diffculy Especrally should 1t be pounted out that a
tevion which must neviably cause severe renal ey will at the
end of 1ts course often be assoctated with renal falure This haw
ever 1 not evadence zhat cenal fadute 15 cause of the arrenolar oo
son Nevertheless whatever 5 ongin the lesion soon reduces the
perfusion of vital nssues and impaes thewt function and thus under
Ires the rapid and destructrve 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 tssue, 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 —RATIOS OF WALL TO LUMEN IN ARTERIOLES OF
NORMOTENSIVES AND HYPLRTINSIVES

HYPLRTINSIVE (ROUP
SiTE EXAMINED AUTHOR I NORMAL Whole
| 3 4 | Group_

Myocardmm  |Odel 043 051
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
Bratn Rosenberg 0285 058
Muscle hernohan er a! 05 09

W agenerand Kesth| 05 076 | 076 | 083

Heyer and Keeton 05 096

Foa Foaand Peet 06 18

Montz and Olde 053 074

065 | 060 | 065 | 072
n

)
3

Skin Farber et al
Groupings 2 3 a d 4 baed on cl 55 ficaton of Ke th snd Wagenes (p

pertenston and especially of malignant hypertension Usmally at
younger ages and alw1ys with a rapid downward course the artert
olar changes become correspondingly more severe and diffuse The
smallest artertes exhibit widespread and mtense occlustve snumal
endothelial proliferation The arterioles instead of passing slowly
through hypertrophy and sclerosts with mumal hyalmzation de
velop sweeping changes n structure In a less intense phase the
whole vessel assumes the character of fibrinord necrosis, 1n which the
cells die and are infiltrated with fibrin ke material mn a more
severe phase the cells die and become mfiltrated with exudate con
rining red and whice cells a process called necrouzing arteno
litis The suffix 1vs 1n this case ts given not because the character
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of the lesion suggests infection but rathet because 1t 13 s gppeatance
inflammatory sther artenolar crange leads 1o occlusion and exu
date forms around the necrouc areas extending Out INID 1ISSUES
hose blood supply 15 sull sntact and choking them off as fames
pass from one cronded house o another

In essence the difference berneen essennal and mabgnant by
pertension 18 the difference berneen sclerosis and necrosss betneen
agng and death A necrouzng vascolar change ocours i normal
people 1n areas of inflammation and 1n the uterus dunng imoluuon
By analogy with utenne artessoles the vascular lesions of malignant
hypertension may be viewed 4s a sort of sntensely accelerated regres
sion while by analogy st antenoles 1n areas of taflammanon the
pasticipation of toxsc products of tssue decompotition may be sup-
posed fn this latter connecuon there 15 good evidence that vasculas
lesions sumidar o those of malignant hypercension may be insuated
by the smjection of ussue extraces parecalacly exteacs of renal ssue
Thas mal hyp may e neroducuon 10t0
the pattern of hypertension of an obscure angiotoxse factor Since
these changes are mose common and severe 1n the hudneys whers
they cause wsdespread injury artention has concentrated on the asso-
aztion of dus type of wpary wuth renat fatdure Under Fahr the con
cept has crystallzed snto thar of malignant aephrosclerosts &
term which presupposes the coexistence of necrotng attenolis
4nd renal fafure But most obsens ers agree chat yrs precsse histologic
detimrtanon 15 difficule. Especsally should 1t be poinsed out chat 2
fesion which must meviably cause severe senal wyury il ac the
end of 1ts course often be associated wih ceral fudure Thes how
ever 1s ot evidence that renal fadure 15 cause of the anteriolar Je

sion Nevertheless whatever 1s onigin the lesion s00n reduces the
perfusion of vital ussues and smparrs thert funcuon and thus unde
lies the rapid and deseructrse conrse of disease wn which a1 as rf
the artenioles were trecs m a forest on fire In such cases the hz‘
of vascular adjustment is aecessatily brief Frase
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Thus far we have dealt largely with the histologic character of
the arteriolar changes visualizing them i the dimension of a histo-
logic sectton, whereas 1n patients they re three dimensional Viewed
thus, at the outset of hypertension, depending on the patients age
the arterioles may alteady be the seat of minor degrees of regression
Here and there re areas of fibrosss, permitung the wall to dilate
and the vessel to stretch and become tortuous while 1n some ateas
there are srregularly disposed plaques of inttmal hyaline These se
nescent changes 1n normotensives occur 1n order of decreasing et
dence 1n the spleen, pancreas adrenals, gastrointestinal trace, bratn,
muscle liver and in about 6 per cent of cases, in the hidneys Be
cause they are chinges of senescence, they ncrease with age but
ordinanily do not threaten Ife When to this process hypertension 1s
added, the arterioles become constricted and the persistent constric
tion leads to hypertrophy Hypertrophy 1n turn leads to fibrosis
while 1numal changes go on 1nd begin to close the lumen Thus
the acteriole at first strasghtens and thickens later shows 1regulanity
of outline and perhaps aneurysmal dilatations while the lumen 1
encroached on and finally closed This sequence of change the result
of hypertenston 1s most common 1n the spleen kidneys and adrenals
and less common 1n the pancreas gastrointestinal tract skeletal mus
cle and brain But 1n considering the mncrdence of such lesions m
hypertension 1t 1s important to note that most observations have
been made 1n pattents who have succumbed to the disease so that
the estmates do not apply numerically to Iiving hypertensives and
espectally they do not apply to patients n 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 systenuc
tnyury Further the seventy of hypertensive arteriolar change at
death reverses the rule of normotensives and 1s less severe as age 1n
creases Apparently the acute reactvaty of the vessels decreases with
advancing age although the tendency to sclerotic and hyaline
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changes may be increased Hyperiension 15 thetefore more often
severe ond malignant in younger peaple

BIBLIOGRAPHY

Aumrn !L D.seasn of &hv Astenes Incledine Anewna Pectons {London
Co 11d 1915)

A)}I?RLS F (‘. The refauonship of age and hypertension m xh: strucruse of the

xmﬂ menrs md artenoles 1 skeletad muscle Am. J Pach. 12 633 1936
N E F gnant hypertension  The hustologic L}ungﬁ 3o the adoeys
I led 5: 83 1934
A'm O s Copormsculay sysem sad bood m Cowary £V (ed)
Pmblgms uf Agmg {2d ed. Balumore Williams & Wilkins Company 1942)
Yy EV

Ed toctal . Adsances 1o muscle physiology J A ML A 121 347
FAM G The heart 1n hypetcensian § A DL A. 105 1396 935
FaRBER £ M. HINEs E A, JR. MONTGOMERY H Axp Cnalg, W M
Asterioles of the skin in essential hypmrmlon ) lovest. Deeruae, 9 283 1947
For, P P FOA N L, AND PEEY AL M. Asteriolar lesions 1 bypestension
A study of 350 consecutive case$ treated surgically  An esumation ul the prog.
aovtic value of muscle biopsy J Clin Invest gation 22 727
Green H. D Oxmhuon Physnul ‘pripaiples @ Glasser O (cd } Mediat
P’hmu (Qmago Year Bock Pub) bxhers loc 1944)
HE, Ao REETOR R W Artetwolar chyngss of skelen! m
rnmu with hypertention of vatied otigin Am. 3 Clin. Pz!h. n 818 )9!1
KivversTiEL, P AND Wnsovw C L chgn and malignant hypertension and
A st lnd Am. 3 Path, 12 43 1936
7z, L N Heax W’ork and falure s Glasser
(“U Mtdml Phys:ts (Chicago Year Book Pubbishers Joc 19447
MORITZ, A R, AND OLDT M. R. Arreriolar sclerosss 1 hyperteastve -nd non
hyperens ¢ wdmiuaty Am. ) Parh, l) £79 1937
MoRLocx, C. Artenoles of the pancreas Liver pastroantestiaal tacr sad
M:;\;;& mr hyatnmno& Asch Tot, Mcd 63 100 1939
AND GRILL, ] Soalled maligaant hypertension A chincal
mwp}ko\omt srudy Arct for. Med 46 55 1930 Tpetiens

om::_, € Soucw 2t changes 1, anerroles of the myocard um in dffuse
. atree olae disease % b s0n zroup § Arch. Jar Med 66 3/ 1940
A‘G’i c’:lHS Aner o{d:ro‘s(\i and lip,d meubolism 1 Ganell J (ed) Bio
ymposa Yol A
Pr‘::z ,‘Tg\lr! gzue‘\l SN §e " and Depenerauve Diseases {Lancaster
METAL M Stuere B Bevovian B € anp
R&nni‘:rnmmi‘" oraulanon 1§ Am Heart ] 33 420?\?19’?31 B E Sodes
: PiRve G\')ADF The bram 3n mahignant hyperiennon Arch 1t Med
APRINGTON § W AND Cook H S Radul
h 'l anery chances 1n mmpmwn
uh o osc c!::;)onslg aod m{n)explnenes Am T M Sc 192 832 1936

hypemmon. Tt A, Am Phy '0las Wesiors of skeleral musde 1n
Waconin H'p s et e 43 43783 1093

Dot
$on 10 the assouuted retinl les ons Mad g 18

4
Med e 18 317 Tgp TYPeTEen



134 ARTERIAL HYPERTENSION

WELARN J T Morphol ! and f 1 al of the coronary aircula
tion Harvey Lect 35 243 1939 40
WEISS s AND ELLls L B The quamlnuve aspects and dymmlcs of the
1 arterial h Am Heart J 5449 1929
WIGGERS C ] Physiology of the coronary circulation 1n Levy A L (ed)
Duseases of the Coronary Arteries and Cardrac Pain (New York Th: Mac
millan Company 1936)
193 Physiology 1n Health and Disease (3d ed Philadelphia Lea & Febiger
Basic hemodynamic principles essential to intepretation of cardiovas
cular disorders Bull' New York Acad Med 18 3 1942
WOLKOFF K Ueber die Atherosklerose der Coronatareetien des Herzens Beitr
z path Anat u z allg Path 82 555 1929




9 Climenl Cons:derations 1n
Early Hypcrtensxon

1 THORACIC ZONE

HEART (ORONARY ARTERIES and aofta SIVe fise t0 50 many Symp-
toms and signs 10 common that they form 2 umt for purposes of
examinaton and teeatment

By defimtion symptoms of organic cardioaoruc disorder cannot
be due to hypertension 1n the phase of adaptation But senous
sometimes fatal disotdets of the coronary artertes may appear 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 1 the young ate mare 0 be assocrated
with overnutnwon or defecuve cholesterol metabolism than with
hypertensine Vascular disease But once the diagnosss of essential
hypertension 1 established clinical disunction between the artersal
drsease 1t causes and that which may occur independently 1s difficult.

Carpiac NEUROSIS
‘The easly symptoms of hypertension have the general pattern of
diffused anxiety and are, conditioned more by the patient s personal
wy than by the mare or seventy of his discase Symptoms are often
TOST SeVEre 1N panents whose functional and structueal disturbance
of crcufanan 15 least important One form n which they appear 15

o
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cardiac neurosts The term 15 not well chosen It seems to have been
mote the expedient choice of the busy practitioner than the deliber
ate conclusion of the psychiatrist As commonly used 1t has two or
more mewngs In one specific sense at refers 10 a somatic ansiety
neurosts whose psychic pattern 1s not necessarily consciously assocat
ed with the heart but whose symptoms ate those of cardtac disorder
without hypertension These group themselves in the pattern of
neurocirculatory asthenia  or  effort syndrome  In this meaning
the term has no more than inctdental association with hypertenston
Studies by Friedman 1nd by Cohen and others with Stanley Cobb
have now greatly clarified its nature as a basic constitutsonal defect
which becomes manifest under stress In qurte another sense but
with sumilar physologic change the term  cardiac neurosts applies
to anxtety, present consciously or unconsciously n a patient who
has hypertenston or other organic heart disease and which has come
10 be centered on the heart It 15 in this sense that the term apphes
to our discusston

As we have seen many hypertensive patents have a full load of
doubt fear and anxiety which they ate only too willing to ratonal
sze at whatever cost to themselves, around the heare In varying
degree thus 1 the case with most people hypertensive or not for the
heart 1s full of emotional meaning Any threat to 1t 15 profound and
altogether unacceptable People who will receve with perfect com
posure the information that all 1s not well wath the hver hidneys
ot stomach can be shaken to the core by a hint that the heart 15 €n
dangered A neurosis cin thus be imitiated which 1s sumilar 1n hind
although not usually m degree or depth to that of neurocirculatory
asthenta

Cardiac neurosis may be precipitated by the mus statement under
statement over statement or over dubrous statement of the exam
g phystcian He may misstate by wrongly suggesung the pres
ence of heart disease 1n word or deed eg unexplaned and uninds
cated admymustration of digttalis or other cardiac drug He may over
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emphasize the effects of hypertenaon oa the heart perhaps by a 100
solicitous demand for further study or by a disproportionate saerest
1n the heart during examinaton. In understatement the question of
heart disease may be dismssed mahost what seers ta be adequate
consideranon Possibly surest of all the neurosis may atise 10 doubt
created by the physicun who mamtuns and reveals aa air of honest
indecision This may prompt hum to say 1 do nat think you have
heare disease Tt 15 safe 1o assurog that every pauent with hyperten
w00 15 susceptible to this newrons A crcamspect manner and or
dered routme of examination ate the means of avoiding the pufalls
we have d After the prel y study 15 when
data ate at hand which satisty the physician that hus estimate 15 cor
ect, when by the contact of tustory taling and examunauon the
patient feels bound to the physicran and 15 convinced of his inferest
and ability the time has come fot the physician to tell lum, There
1s nothing the matter wath your heart  In the absence of pre-exisung
cardiac newrows the statement sl be recewed in good farth

There temain to be presented those cardiac nenroses which may
develop ourside the physician s office perbaps imianvely from con
et with 2 case of heart disease in the home o immediate social
arcle perhaps from symptoms whuch direct attention 1o the hearr
duning a prolonged and profouad emaotional distuthance These
neuroses may be prevented by the patients trust 1 the prior adhz ¢
and examination Indeed the physican who hears that something
has happened o his paent which might precipmate such 3 neurosss
s usufied 1n supgestiag without reference 10 the event an early

visit daning which he listens to the panenes story eacourages and
reassures tum

The deffculty i trestment of established cases varses with the
mntensity of the underlymg ansery and the penm during which the
patient bas comforted humself nith the belief that he 1 the vicum
of heart disease When the neusosis 15 intense psychiarnic assistance
may be necessary although as Weiss pomnts out generally 1t 1s the
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attending physician who must assume the responstbiliy and cate
of such patents In ths, the aturude of the physician 1s as 1mpot
tant as that of the patient A few patients will be content after a
thorough review, with explanation and reassurance But most of
them will sull have to gain 1nsight :nto the emononal origin of their
symptoms

Two factors contribute to persistence of symptoms one 1s farlure
of emotional acceptance, the other, poor physical condion the
result of having lived as one 1n cardiac failure Because of physical
weakness and possibly of malnutrition due to 11l advised and fad
dish dret effort may cause him to be short of breath o to ure eastly
Doubt retusns and the syndrome persists Complete functsonal festo-
ratton of such a patient must be gradual 1f he 15 to avod this diff
culty and 1t 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
Oneis This much we hnow you can do and you must do 1t regard
less of how you feel The other I will accept the responsibility for
anything that happens to you does not carry much conviction
the legalistie mind but 15 often persuasive

Drugs have little place in the teatment The cardiac drugs
such as digitalis and ammnophy lline which the patent may have been
given are withdrawn once the diagnosts 1s made and accepted Any
drug used should be clearly understood by the patient to be a palli
atwve crutch which has nothung directly to do with hus heart Mild
sedatives with prolonged action such as phenobarbital and hyper
tensive mixture (p 103) will be useful as occastonally will thio
cyanate or a mixture of bromide and throcyanate The general reort
entation of regime and outlook advised 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
neurosts focused on the heare because of archythmias related to the
use of coffee or tobacco limitations 1n their use will be presctibed
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with the explanation that, because of their duection of emoron
the heart the heate 1s temporatily sesitt ed 1o therr action Lamita
won of consumption of coffee 35 eanly endured but some may find
restrictions on the use of tobacco mote dufficult than 1ts interdiction
Should this seem the case the physicran should suggest a substitute
means of oral gratificaion suth as eaung candy ot chewing gum

EXAMINATION

The putpose of the exarmnation 15 t0 discover the extent to
whichs the heact and great vessels depart from the partern of com
plete adaptation s the duecnion of falure This nformanon i ob-
ned chiefly by measwnng the size and esumanng the quality of
fese structures The examination follows the usual outhne anam
nests (wath guarded and dexterous nquiry as to famulial heart dis
ease) and physical and faboratory examnation

Physt al examiration —lnspection and palpaton together serve
the examaner well A reluble mndex 1o cardiae hypertrophy 15 the
posion of the apex beat Its absence even nhen the pauenc leans
fornard does not exclude hypertrophy 1n petsons wath thick obese
or emphysematous chests Much of the early enlargement of the Jeft
sentricle occurs laterally and posteriorly m the chett, so thar the
apex 14 rotated nearer the thest wall The posiuon of the apex bear
need not be shifted laterally at firse The bordets of cardiac dulness
natoriousty difficult 10 establish may seem and 1a fact may be of
normal contour Of course the coatour 15 often unconsciously dis
placed lefraard and upward by the exammner once the blood pres
sute 15 haown

‘The character of the apex beat has muck: t do with ns mierpre
taton In hypertensives n the early phase of adjustment tt should
l::z;c::\:l‘ e::: ‘oonz becanse the altered posion of the heare bungs

e chest so that 12 s superfical but also because

thete 1s added quabity of thrust and heave which testifies to sncreased
myocardal effore. In moderate hypertcophy the beat moves down
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ward to the sixth intercostl space 1ts posiuon relatve to the md
clavicular line need not change With further progress there devel
ops evident lateral displacement of the beat outward and downwnard

As with cardiac borders, percussion of para and retromanubrual
dulness 1s not usully nformative regarding the early response of the
7orez and elasuc vessels to hypertenston Inspection and palpation of
the suprasternal notch may establish the presence of undue aotuc
pulsation, the lengthening of the aortn indicates decreased clasuc
1y A similr pulse due to excessnve aortie filling rather than o
diminished response, may be seen 1n hyperthyrordism In some pa
tients, especially women past middle age, the innomunate artery may
present as 1 rounded pulsiule swelling beneath the roots of the
sternocleidomastord muscle This appearance which my extend to
the right carotd 15 sometimes mistahen for aneurysm, which 1t 1
not Rather 1t 15 a local expression of elastic ussue regression

Auscultation —The first sound 15 composed of vibrations set up
by ventricular contraction 1n the heart (1n auriculoventricular valves
chordae tendineae and ventriculr wall) and possibly by the 1m
pact of systolic thrust agunst the chest Its intensity 15 a gude t0
the tenston developed 1n the muscle early i sysole and to the
rate wath which this tension arises In hypertension the first sound
1s large because of increased absolute tension 1n muteal stenosss 1t
15 also loud but here 1t would seem to be due to a rapid rate of
icrease 1n tension ‘The loud sound of mutral stenosis hes therefore
the short chatacter of a shp that of hypertension s prolonged and
low pitched

Among the modifications of apical sound which may be heard
i hypertenstves one of great significance 1s protodiastolic gallop
Ths 1s best heard 1n the left lateral decubstus posion An indis
tinguishable third heart sound 15 heard at umes in healthy youths
or may appeir 1 hyperthyrordism This 15 believed to reflect the
reaction of the ventricle to filling before aunicular contraction It
may therefore appear duting augcular fibrllanon In hyperthyrod
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s, fllmg 1 excessne but the myocardium s seldom greatly m
,;‘;a m%he {abng hyperiensive fiing may be normal but the
myocardsam 15 weahened. If the heare rate s rapd, 100 per minue
ot mote this thurd sound may all but supenmpose on the normal
auncular sound, 5o that the sum of the 8o neither beng ey
audible gt slower rates appears as a fon pitched sound i 2 bnek
dasole 1t 16 s surnmanon of sound which s behieved to cause

the most common form of gallop hythm

When the rare 15 slow the protodumstolic sound alone may be
audble and this fundy so that 1 may be ddbcule 1o place 3t 10
the eycle 1ts urng mag be establiched by the exammer s fixing hus
attention alternately for several beats on the first and second sounds
sepatately mstead of Listening as 18 costomary ta the o sounds
as they succeed each other In pracuce the onset of gallop rhythm
due to a protodrastohic sound 1a 2 pavent suspected of having myo-
cardial disease confiems the suspicion. It has been called the “cry of
a heart for help” It 1s espectally useful becau.e 1ts presence may be
determned wth 00 more complex nstrument than the stethoscope
Qf the sounds at the base of the hestt, 2 loud aorue second
saund which contrasts wuth the pulmonic second sound 15 20 ex.
pression of increased systemic diastolic tension The vibration which
gIves qse 1o 1t may be palpably tansmatted 28 a diastohie shock
when this shock 15 obvious the ncreased intensity of vibrauon may
be presumed to indicate a decrease 1n aoruc elastiaty As the aors
dutates 1nto 3 broad chamber eddues appeat 10 the stream of blook
which give rise 1o a systolic murmur Such murmurs may occur fo
other obscure reatons 5o that the dragnoss of aorte ddatanon from
4 sysealic murmus alone 1 al X table As ad R
lost and the Jefz ventricle begins to farl, congestion tncreases 10 thy
lungs and the pulmonsc second sound gO%s 10 intensity A chang

1 the tefatse loudness of the sounds Suggests the imminence ¢
2 fature their rel

p noted at the first observatio
should be recorded for furure refesence
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Pulsus alternans or a weahening of every other pulse beat 1s
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 1t 1s 7 common early
sign of myocirdial weakness It can be distinguished from regular
premature contractions by an electrocardtogram

Dragnostic asds —Ac best evidence obtuned from inspection
plpaton and ausculeation 15 insufficient to establish the degree of
cacdiorortic change 1n the panent whose hypertension 15 1n the
early stage These methods become most useful only as adapta
tion 1s lost Further the examimition leaves no permanent record
from which the developing course may be traced Llectrocardto
graphic and roentgen examinations compensate for much of this
deficiency (pp 148 ff ind 154 i )

TREATMENT

Trewtment of arterial 1nd arteriolar discase 1 the stage of
adaptatron 1s prophylactic The results are therefore not easily as
sessed The um 1s to remove or mimmize facCtors sceming t0 €on
trbute to the advance of arterial damage These are mechanical
sttain hyperlipemia and the unknown factor(s) which controls
deposition and removal of lipid from artenal walls

The participation of stram 15 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 re exposed Therefore 1t may be assumed that a
lowering of the average pressure will retard the development of
atherosclerosts The lowering of pressure depends on the trerment
of hypertension by means reviened elsewhere (psychotherapy
drugs diet and operitions) The converse nimely that the patient
with unusually high pressure must rapudly and mncvitably develop
severe atherosclerosis 1s not true so that the physician aeed not be
concerned when high pressure does not readily respond to therapy
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Experimentally what seems 1© be gemune atherosclerosts can
be produced ta rabbuts oc chichens duting the Pyperlipemsa which
results from cholesterol feeding Clincally, disease i which hyper
fipemia 16 common such as duabetes mellitus nephrosis myxedema
and xaathomatosts predispose 1 atheroscleross The bouts of
hypethpema sbuch may develop dunng armacks of obstrucnve
jeundice may explamn some of the mconstant assocanon between
cholelghnsss and atherosclerosss Clmaal and expenmental evi
dence pomts to hypetliperna as one factor 10 atherosclerosis The
presence of hypethipema may be suggested by the milhy chaeacter
of serum withdrawn duning 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 individual A cone

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

Teeatmene of byperhiperua varies with sts undeclying cause
In many cases msuhn atone to diabetics in hetosis wall tapidly
reduce the plasma hpd content to normal fevels subsequent
dietary cortral supplemented when necessary with wsslin wdl
prevent the return of the hyperlipernia Although this conteol may
be achueved by diets rich i fat and low 10 calonc content, 1t 1s more
easly accomplished by lon ealon diets nch m carbobydeats and
proten and poor i fat Unformnately there s no evidence thas
such diers rerard the development of artenoscleso 5 except pos
stbly among dubencs
Duerary control 15 aneffecnve 1 the hyperhiperaa of hypothy
rodism The cardiovascular adrenal and systemee stramns mposed
by the use of thyroid evirace 11 tus disease peavide 2 dilemma
shuch must be solved 1 each mdividual case Two rales asd the
solunon (1) that the provision of thyrord extract be made slowly
and 10 small doses as by neekly wmcrements from V4 to V4 pr
(USP) (2) thae the muintenznce dose be adjusted v
justed

0 2 point
shere the patient feels comforeable and has lose hypethp 1:}:0 but
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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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sordecromued anumals powssium todide has a sumilor prevenue
effeet. An organic preparapon of sodine the dt1odide of ncinolesc
aad, inhibit, development of expenmentat atheroscleroso 1 m}::tcs
although hypechpenua 15 unchanged of ncreased A sirmtar effect
1 anrbuted 1o potassium thuocyanate gathe o hpocar and wuh
soore hope than belief ethyl alcohol. Among all these the best &5
wablished 15 10dide Whethet 1t mught ace smmufarly on the vessels 1
the ahsence of hypethpemsa sn human bengs 15 not Loown Tume
honored pracuce sancuons s use once sclerosis has developed this
pracuce had 1s ongin 1n the treatment of syphubs aad was then
ransferred to othes cardiovascolar diseases Expensence has not been
sufficrently tewardiag to mamtam the tradion 1nto modern days
However although 1odide may be weffectuve i the treatment of
established atherosclerosis tts effects i abbuts clearly indicate that
1 mught have value m the formative stage of the human disease
The drug 15 not ordinably harmbed in phatmatopeat dosage, pen
10 untettupted courses of about 3 maath the annoying conseguences
of abrormal sensivity may be avoided by a searchung hustory and
the wse of prelmunary small test doses Chmcal mral of wdide
dherefore jusuhiable But evidence for or against its toutine use must
come from the study of Yarge groups of panents und ¢ cantrolled
conduans
Carduac bypersrophy —Hypertrophy proceeds from avermord
and marginaly adequate blood supply capillary and arterial I
prevention can be approached from the aspect of sarh by teduan;
the demand on che heart ar wereasing the efficenty with which 1
funcuans Reducuon of demand imphies the control of hvpertensio
by the general measutes recommended elsewhere 2ad by means o
subcalonc ders the reduction of wesght and over all metabolisy
The problem of increasing cardiac efficiency 1s not solved althoug]
Statrs studees of the araulavon point the way Expetsmentall
adounsaton of digeabss rerards hypen{op}(y and mamtams th
chemical consutuents of the myoczedium o the face of e Yoad i
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where the basal metabolic rate remains somewhat under normal

Bulrary disease may be treated surgically when the indication
arses, pallinuvely, 1 simple preparition of choleretic bile s1lis may
be grven The dosage 15 adjusted to the tolerance and apparent need
of the gastromtestnal tract at a Jevel just below that at which dur
thea begins Nephrotic hypethpemia hardly concemns this discussion
since 1t 15 not often assocrated with hypertension The hipemia in
such cases 1s not affected by diets low in far or by the use of thyrod
extract, but only by remission

Although control of hyperlipemia 1s desitable and may prevent
or retard the onset of atherosclerosts there 15 nothing to suggest
that the normal plisma content of lipid 1s noxious ot that athero
scleross 1n normal people can be affected by varatons mn diettry
fat Indeed the postabsorpuve plasma lipid content of the Esht
mos—a people who subsist largely on protein and fat—1s not high
Fat absorbed from the nlimentary canal 1s rapidly deposited m tis
sue depots nd duning postabsorpuve periods its release from these
depots mamntauns the plasma lipid concentration Since the plasm1
lipid content 1s largely independent of the dietary fat, one 1s not
justtfied 1n el ing ordinary of fat from the diet 1n the
hope of reducing ltpemia and preventng atherosclerosts Nutnton
and palatability are not easily preserved on fat free diets They
should be restricted o occastons when they are of proved advantace

There remain unhnown or mmperfectly defined factors which
determine the deposition 1nd retention of lipid 1n the arterial walls
and the formatson of atherosclerouc scars One of these 15 found 1
the spectficsty which permiuts establishment of expenimental choles
terol atherosclerosss 1n rabbits and not 1 normal dogs and rats
although 1t can be produced n dogs fed thiouracil 1nd cholesterol
Another lies i the effects of certain substances which prevent the
deposition of lipid 1n the arternal walls of rbbits Thus the admin
sstration of thyroid extract to cholesterol fed rabbits prevents hyper
cholesteremia and Atherosclerosts 1 normnl although not 1n thy
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210,120 mm Hg Newher answer 15 the wise one In the first
case the pauent will compare this value with that of others he may
Ynow and often £o on 1 coselate hus symptoms and his blood pres
sure fevel  As 1 alf cases where men meddle with medical stience
for a special putpose having no previous acquammtance wath 1t s
wmagaation found what it wanted 1 books Thus Holmes
Elvie Venner The white lie 1s even more dangerous The panent
shose atumde seems © demand 1t wall almost cerrunly cansule
another physician a quack or a midway manomenrist and be rold
the true fevel of hus pressure The buje confidence he may have
devetoped will be blasted and a working therapeutic tegime snter
tupted or destroyed

The proper answes 15 nexthet the truth not the half ot b
the whole truth The pauent 15 wld that tus blood pressure 15 1
creased and that increased pressure is one parr not the most signth
cant, i the estmate of hus conditian He 15 told how blood pressure
varges so that differences of a few or many millimeters— pomts 1n
this discu single are not intetpretable and
that even the erend of pressute 1s significant only as other factors
<an be d d & d of the d& betwecn
symptorns and blood pressure may be necessary Thus n hot
seather the pat ent may feel blood rushing to tus head and be
heve hus pressure icreased when actually 1t 15 decreased On another
occasion when he feels well the level may be higher than when
he felt unwell Such experrences may tersupt the sendency 1o tn
terpret symptoms in terms of blood pressure and 1o consider blood
pressure as an sndex of illness Fanally he must be convinced shar
the figures are only useful 1 chere terpretanion and ance diag

nosis 15 made have lide ntrinsic value 1o the physcian and none
© him Repeated d made wthout

and the
progress of confidence wall mabe the pauent content to Jeave the
values wih the physican There are only rate exceptions 1o this

<xpetience
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posed by aortic regurgitation Eventually, criterta may be defined
which will permir the selection of patients 1n whom digralts or
some other drug may have a similar effect But such do not yet exist
and digrtalization has been known to provoke angina when gien
hypertensive patients not tn cardiac failure Routine use of digitahis
in pattents with uncomplicated hypertension 1s therefore contra
indicated

Trom the aspect of the coronary circulatton demonstrably ade
quate at this stage of the disease but presumably slowly deterorat
g litle can be suggested that 1s definite Some physictans believe
that some benefit 1s obtained from oral 1dmuntstravion of a vanthine
vasodilator such as ammnophylline or a theobromine compound
alone or 1n combintion with 2 sedauve such s phenobarbital or
amytal® The evidence for such treatment does not go beyond the
stige of clinical mmpression  and the purnine component when
given orally 1n smll doses has been semiofficially duscredited Sull
pending further evaluation admunsstration of purine compounds
such as theobromine and sodium acetate (05 Gm 7V gt four
umes datly) may be helpful 1n patients whose coronaty circulation
15 10 some way or 1t some trmes inadequate Enteric coating of such
tablets leads to irregular and sometimes deficient absorpuion

The disclosure —The argument that the discovery of hyperten
sion unnecessacily terrifies the patient 15 ivalid The discovery miy
ternify or unsettle the physicran who 1s uncertain 1n his oxn mind
and he may transmut hus doubt to the patient The panents doubts
thus reinforced from the very source of expected direction nd con
trol may build up 1nto terror

Part of the embar the sphyg
from the laymanss chuldlike fatth 1n 1t or in almost ny device of
biologic measurement and from the question he will ash  What s
my blood pressure?>  Three sorts of answer may be made One s
direct gving the exact figures Another 15 the white {ie 1n which
alue chosen 1s perhaps 150/90 when the observation W1s

creates arses

the v
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{sght and shade s 50 shight thot 3t 1 nccessary 10 INSpect the con
tours one by one vsing shutters alihough a prebmunary general
siew of the cardise silhovette should be obtained 10 each posinon

The 1ol view 15 postetontetior with the pauent facing the
screen Here the ught border from the diaphragm upward gonsists
of nght aunicle and ascending woita which form two acches shighdy
converse leraily The left border above reveals the curved hnob
of the g0uc arch below this 15 the fartened slightly concave or
convex surface of the pulmonary artery and pulmonary conus
terrupted at the pount shere the convextry of the left venincle be
s This pownt of sepatation may be found by wspecting the char
acter of pulsanon which in the Jeft ventncle s directed medially
and 10 the right spward The point on the lefr border of adjacent
oppasite pulsaon  matks the upper end of the mntervenmcular
septum (see the New Yorh Heart Assocations Nomenclature and
Critersa for Diagnosss of Duseases of the Hearr)

The pauent 15 then observed 1 the right antenior oblique poss
10D 1 which the nght shoulder 15 pomnted 1o the edge of the streen
Here the base of the shadow 15 formed by the vema cnva night
aunicle and ventsicle the anterior curve consists of right sentncle
and conas below 2nd ascending @orta above the postenior border
15 formed by the left auricle above and the nght auncle and inferior
vena cava below lu the thid pormon the Yokt anenior obligue
the base of the outhne 1s formed by the nght ventricle and the 20
etor oarve by the nght ventncle night auncar appendix aad
ascending sorta The postensor ouchine 15 formed by the lefe ventricle
below and left aunicle above a small indentanion separating the two
Thus cuttine should be separated from rhe 1ertebrze by a transfucent
space All three posiions—posteroan erior right antersor obhqu:
and left anterior oblique—may be necessary to satsfactory demon
sm"‘[:‘ o; the couxic and size of the zotea

© chatacter of the generd posterointenor contour (fiest
won} duffers wath body buld In persons withy high dmpgxmgnio:(
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II CARDIOAORTIC ROENTGENOLOGY

This topsc can be considered only m outline It 1s reviened be
cause 1ts results will serve the physician of their significance 15 fully
appreciated These exammnations ate best conducted and mter
preted by a specialist

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

Fluoroscopy permuts 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 at 1 standard dis
tance of 2 m (usually 6 ft 1n pracuce) from the x ray be The
patients chest 15 2gunst the film to obtun a posteroanterior projec
tion The gap between patient and tube 15 chosen to limut to about
10 per cent the magmfication of the cardiac shadow by the scat
tenng dnergent riys which lenve the tube Orthodiagraphy, m
which fluoroscopy 1s made quinutative, utilizes only the central rays,
focusing them on the lateral borders and permitting the examiner
to trace the outline of the heart on a screen

FLUOROSCOPY

Fluoroscopy 15 a most valuable procedure It does not requure
the special apparatus and technic of orthodigraphy, 1t does llow
the contours to be visualized 1n more than one position Even more
than wide experience adequate dark adapration of the eyes 15 the
Ley to the method Fluoroscopy 1s not a procedure to be done on
shott notice or when time 15 pressing The purposes of physician and
pattent are best achieved by making 1ppointments for the exam
mation of a group and setting 1side uninterrupted ume for this put
pose The exammners eyes 1lso enter 1nto the method if the near
point of accommodation 1s longer thin the 8-10 cm distance neces
sary for the technic 1f such 1s the case a clear focus can be obtamned
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 using shustess although 4 prebmenary general
vies, of the cardiac silhouete should be obtained 1n each posiion

“The stal view 15 posteroantenior with the pauent faang the
screen. Here the nght border from the duphragm upw ard consists
of nght aurxfe and ascending aorea which form two atches shghtly
converse laterally The left border above rexeals the curved hnob
of the gortic arch below this 1s the fiarened shightly 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:)endmg 20112 The postensor outline 1 formed by the left verumcle
Thfs“ m[d left auncle above 2 small indentation separating the two
spﬂ(:\x[: ;lne!;hould be separated from the vertebrae by a wanslucent
and lef 168 POSIIOnS—postesoanteriot night antenior oblique

eft antensor oblique—may be necessary ta satisfactory demon
suar;? 4:; the course and size of the aorra
© 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 hypersthentc habutus, the outhine 1s broad nd horizontal, dhe
left ventricle 15 clearly seen and the arer of pulmonary artery and
conus 15 concave the 1pex 1s displaced laterally and s often hidden
betind the dinphragm The opposte pattern thac of a long and
nrow heart, occurs 1n those who are thin 1nd tall In those of deft
mte 1sthenic habrtus the shadow 1s pear shaped and oblique i these
of intermediate build

Hypertensive hypertrophy affects the two fluoroscopieally dis
ungwshable parts of the ventricle 1n successive phases The first
are1 scen to be increased in mass 1s hnown 1s the outflow trace
possibly because 1t 1s here that the fibers are more severely stretched
by dastolic tenston This trace cxtends from apex to aortic vahe
Its enlargement 1s therefore assocated with rounding of the Ieft
ventricular curve which increases the distince between the point
of adjcent opposite pulsations 1nd the 1pex The 1pex becomes
rounded 1nd projects to the left and down so that it often appers
below the dome of the diaphragm and behtnd shadows of colonic or
gstric gis Differentintion from 2 normil horizontal heart may be
suggested by fuluze of the convex outline of the left ventricle to
disippenr m deep mspirition as it should 1n absence of hypectrophy
The second phase of left ventricular hypertrophy enlarges the
flow tract 1 the zone from muttal valve to apex This enlarge
ment 1s best visuihzed in the left anterior oblique position The
shadow of the left ventricle 1 this porton 1s elongated and curved
so that 1t begins to fill the space toward the vertebral bodies Later
this shadow bulges and overlaps the spine Presence of thus chinge
estabhishes the dingnosts of hypertrophy

The aorea 1s then inspected for elongition and diataeon The
ascending aorta 1s best seen 1n the left anterior and posteronterior
posttions where 1f elongated 1t becomes convex anteriorly and the
transverse portion 1s elevated to almost the level of the clvicles
If aottic fibrosss ss mathed the abnormal density of ses shadow
separates st from the superior ven1 cava and the dameter my be
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esumared Elonganion causes the transietse Lnob to project w10 1\\2‘
teft lung field and i 1t caluficavon may be seen Lengtheming o
e descending bumb causes 1€ to he 1o the Jefe of the vertebeae rachet
than 1n front of them The thoracic aorta 15 best visualzed 1 the
fght antenor ablique position frs elongation curves 1t convexly «
{he left diatauion with fibrosss may whe a spindle shape Wiudt
mag be visualized on the fluoroscopic screen even through th
cardiac shadow

TELERADIOGRAPHY

Teleradiography permuts the recarding of changes in the cardic
aortic zone This the physicran can ammate 10 fus mind of he e
also examuned the patent under the fluoroscope Teleradiograpt
alone serves as 2 pont of deparrure for further fifms recordie
progress of the disease Much that 15 seen 10 the postetoaaters
fluotoscopic view 15 wisible 10 2 posteroanterior telercentgenograr
but the tiner delineation of left ventricular enlasgement in tess
of septal o apical distance antertorly and of abnormal filhing of ¢
wfiow tract postenorly cannot be visualized The Jefr and ng
antenor obligue flms however have considerable value n det
mumung charnber enlargement and widsh of aorta Planumetec me
urement of the area of the shadow and calcwlation from shis
casdiac vofume 1s a refined technuc although berser pracuiced fre
an otthodiagram

Because measurement of maximat transverse carduac diame
15 sumpler and not much less aceusate 1 15 mote wadely used 7
measutement Is made as the sum of maximal peojections of
and left hears borders from the muddle lne Companson of |
drameter wuh that of the thorax 1s 2 highly mexact method
width of the thorax does nat vary exactly with the see of
Patent 20d 15 ahered by tespiatory excursion and emphyse
2??::5;:::36?;* S comparison of ohserved wansverse diz
predicted aormal based on heighe and we



Im Z—Telememgenqgrzms showing A absence of cardiac enlargement
of heart with wid of aorta € moderate enlarge
ment D severe enlargement
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153 vahiable means of esumanng hypertrophy {see chart p 385)
Values which exceed the normal by 10 per cent suggest that hyper
wrophy has cccurred and values of 15 per cent establish 1t

More elaborate and specualized technics which use x 1238 10
the evabuanon of catdionasculae drsease are feserved for the study
of dagnostc problems or for clinical mvestiganion These include
'

by hy angiocacdiography and cath of the nght
aurnde ventride and pulmorary artery hymography whether by
£ ot by the gk Luplier tbe has uts best apple

canon m detecting ateas of nfarcuon or ancurysm  Angocardiog
taphy applies 1n the detection of shunts congenital anomabes and
m duffe berseen ysm and tumor Cath

applies 1 the stady of congemtal heart disease aad 10 specal
clinical imvesnzation Nane of these procedures apphies directly 1o
the problem of everyday essential hypertension except as 1n doubt

ful cases the angocardiogram of the aorta may teveal coarctation
of the aarta

Cardioradiography which uses the raduton of mrravenously
mjected sotopic Na * has been described by Pranzmeral Prelim
mary studies tndicate that this technic will have considetable value
w the evaluation of many types of heare 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 electncal porensual whuch the electrocardsogeaph secords a3 ol
vanometric deflections The direcuon of the deflection varies up ot
down as the potennal change 15 posttive of hegative

The distance through shich a dcflecton exends from the 150
elecic bise of zeto potenual depends on the magrtude of poten
ual difference wself the extene to whuch 1t 15 remforced or new
tralized by simultancous potentuals from some other site 1 the heart
and the extent to shch 1t 18 damped by tssue ressance The rela
uve absence of damping by ussue substance accounts for the large
deflections found 1 precordil leads Indeed these leads seem now
teady not only to add to and perhaps feplace but glso to explan
the pattesns found m standatd leads Hecht points out that being
semudirect they are most like the leads taken directly from the sur
face of the heart and thus convey most adequately what 18 gong on
m 1t But 1t 15 not our purpose to discuss the technic theory and
practice of elecirocardiography topies 2bly suneyed by Ashman
and Hull Katz, Burch and Winsor Schetf and Boyd. Bamnes and
Heche. Rather we ate concerned with the changes in pattern found
10 hypertension and 10 hypertensive heart disease 1nasmuch 35 they
ndicate the presence aof left ventnoulat hypetwroply aad the ad
vance of left ventricular stran

These pattern changes are scen 1n the standard limb leads and
w precorda] teads euther CF (chest foot) or V {central termnal)
Isolated observations are of much less value than records then at
roune tervals of months and years 1 derecung early chanres 1n
the patern normal to the wdmdual Even with ssolated obsena
tions proguoste value of the electracatdiogram s emphasized by
Gubner and Ungerlesder They believe that st grves 2 more sensitine

wnawcation of bypertrophy than does the teleroentgenogram They
(md)x&m the death rare for hypercensive patents whose elec

are even q hly ab 115 27 wmses that for
formarensive controls for patents with definite changes of moder
te or severe degree the rate 15 3 43 7 imes normal
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Fic 34—R 1 d from pauent with moderately
advanced hypertensive heast disease shows only the changes characteristic of
moderate lefy axis deviation with some sinus tachycardia

156




Vs

=

¥16. 28 —Electroqardioram from pacs ar w th sevese tapidly advancng

malignant bypertens on shows ev dence of lefr venmpojor bypertrophy with

mYocidal change (aote notching of R;) and st a5 (depression ¢f Rs-T,
ST
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Left ventrscnlar bypertrophy —The pattern change most char
acterssuc of this condinion 1s left axss deviaion This consists 1n a
deflection of mean electrical axis from 1ts normal direction left
ward and 15 due to the changes mn 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 heact as a whole In
other words the large heart 15 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 horizontal Transtent left axis devia
tion can be caused by anything that elevates the draphrigm such
as full forced expirition, pregnancy, ascites or other abdomunal dis
tenuon In some degree, it 1s normally present at rest 1n about 5
pet cent of healchy young males

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

Its mechanism 1s best understood 1n terms of the changes 1n pre
cordial leads and the reflection of the precordinl potentals in
standard leads These are 1n essence exaggerauons of the mean nor
mal toward the right sside R waves become smaller and S waves
deeper toward the left, Q waves become deeper R waves larger
and S waves smaller As the pattern intensifies there follow depres
sion and upward consexity of left precordial RS-T segments while
the T waves become depressed diphasic or inverted When lefc
axis deviation 1s not obvious in standard leads hypertrophy may
reveal itself 1n the RS-T segments and T waves 1t 15 of course
usually detectable from a study of precordnml leads
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It 1s cuscomary wn many cncles 1o dessgnace the RS-Tand T
wane changes caused by hypestrophy as evidences of left ventncu
far stean Some worhers define stran a8 a pateera in which the
RS-T segment s depressed 0§ mm ar mage 1 lead I with or with
out corresponding elevation of this segment 1n Jead 11T and with
flatterung sversion or other definue abnormaliey of Tr While
of some cluncal advantage dhus dugnoss should be made with care
especully m the presence of tachycardia or duning admmistration
of diitalis

Oster electrocardiographtc changes m bypertension —Term
aally 1 malignant hyperteasion although not as often as 1n the
uremsa of chronic gl lonephnins or chromc pyeloneph the
electrocardiogram reveals evidences of byperpotasserma in peaked
T waves or of 2 deficrency of 1onizable calcrum 1 the Tength of the
Q-T sarerval Excepuonally wremuc petscardios leads to ¢oncus
rent dep of RS-T seg; More frequently my dia)
mfarcuons and coronaty insuffictency cause electrocardiogram
changes Sometmes smolung severe pant ot anwety ar such 2
catastrophe as the dissection of an aornc aneurysm disturbs the
pattern For the changes thus produced m the electrocardiogram
and their explanation the reader 15 referred o standard texs

Finally much has beea sritten an diagnosis by teses of Jarens
coronary aniery disease (disease which 18 perhaps causing some
symptoms bue which 15 not mamfest in the elecuotardiogram ar
rest) The testy are vanously done by njection of paressin® by
submtcting the patient to anoxemu ot by exeresse Resules often are
t‘: agz;ms; m ;;u;nvs who mamfest' coronaty artery disease in other
clm)énosl::1 eacu:x:c;es: )(np‘:essm e oy be dangerous and
Clearly thetr inaccuras e oy Tore than 50 pet cent

7 18 due 10 2 farlure 1o se-establish che {uli
(fxau\ 4:.}(‘ condivons whach may have led t0 1 hear attach  Thete
:::omleyp:;:;‘:e:“"mmdﬂi except a5 specalized and 1aves




160 ARTCRIAL HYPLRTENSION

BIBLIOGRAPHY

ASHMAN R AND HULL [ Essentials of Llectrocardiography (2d ed New
York The Macmullan Company 1911)

BARNES A R Electrocardiographic Patterns Their Duagnostic and Chincal
Sigmificance (Springfield Il Charles C Thomas Publisher 1910)

BURCH G L AND WINSOR T A Prmer of Electrocardiography (Phuladel
phia Lea & Febiger 1915)

DALLY R M GUBNiR N S AND UNGERLEIIR H E  Roentgenolocy of
the Heare (Lquitable Life Assurance Society of the United States publication
of the Picker X ray Corp )

UNGERLIIDIR H I AND GUBNER N § Prognosis 1n hyperteasion
J A M A 121 313 1913

LVANS L MATHE®S M W AND WHITE P D The electrocardiogram in
hypertension I Its desciption Am Heart J 30 140 19

GUBNER R AND Unceriemrr H E Electrocardiographic ceitena of left
ventricular hypertrophy Arch Ine Med 72 196

Hrcur H Basic Prncples of Electrocardiography  American Lectute Senes
(Springfield 1IN Charles C Thomas Publisher in press)

HIRRMANN G R Synopsis of Discases of the Heatt and Artenies (3d ed St
Louss C V Mosby Company 1914)

KATZ L N Electrocardiography (Philadelphia Lea & Febiger 1941)

SCHERr D AND BOYD L. J Cardiovascular Diseases (Philadelphia J B
Lippincott Company 1947)




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
18 therefore not surptising that the coronary ateriosclerosss which
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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 1f 1¢ 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 artertes They sefraned from publishuag the disconery
fo 20 years fest the hnowledge alatm John Hunter who during
a1t thus ume had shawn die sympeoms Heberden described

A modetn sucainct and nclusne defimmon of the syndrome
s pren by T R Hamson  Angima. pecrons 1§ a common
conduon chatacterzed by secutrent amachs of discomfort w ot
reat the chese, commonly induced by condions which smpose an
addional busden on the heast ordinanly dependent on disturb-
ance of the oxidative processes i the myocardium and almays 21

TABLE ~~MoOST IMPORTANY CLINICAL FEATLRES IV Dnanosts
OF ANGINA PECTORIS (HARRISON)
1 festures of Posuve Vatue 11 Tratuses of Negative Valued
{ptesence teading to exclude angina
peconsy
Pam | mued 10 penapical axiilary
or abdomina) e ons

Huscory of refstion to effort 1

Sub rernal of precotdsal location

2 Duration of less dan 1 misute
3 Dunauon 1-30 miputes 3 Lasonaung ar theobbing pain
4 De thac 4 A breathing, cough
acreases amount of effore re sag seallowing siting or sanding
qu red to 1nduce pain

Thewe | wal fearures e presens 90 per cene  moe of p sent
" xm(wmmm e abes A NEIOL POt o o Preve v due B yaocund
s dens

tended by the hkelihood of sudden death  To @us we might add
that Hebetden observed that 1t was mest common among males
over age 30 i the proportion of 3 1 and that this rano sull ob-
s Among females predisposiuon geeatly icreased by hyper
tension

The chinial diagnosss of angina pectans 1s sull difficule. As
a result w15 probably more frequently made than 1 wastanted 1n
that group who run ta the physienn vith the teast complaint—and
who wal whe the most mpury from the cazdiac neurosts which
thus may be thrust 1pon chem—while 1t 1 tikely to be overlooked
among those who are Jess commumeanve 1n their descriptions
Table 7 shows the wnportant clinical featutes m diagnosis fepo-
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commonly resules 1n angmn, infarction coronary nsufficiengy o
congestve farlure in patients with hypertension 1s nearly always
much less severe than the coronary ~rteniosclerosis which precipt
tates these ulments 1 normotensive people Hypertensive heatt
disese 15 1 product of a vicious cycle 1n which acterial hypertension
ncreases metabolic demand while 1t also favors the onset and pro
gresston of coronary arteriosclerosts This fact gives 1 clue to prog
nosts and treatment since 1t suggests that both will depend in large
measure on the possibility of relief of myocardial strain 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) thtn with the immediacies of treatment of hypertensive
he1rt disease

I ANGINA PLCTORIS AND CORONARY
INSUITICIENCY

The syndrome of angina pectoris was described and named by
Heberden (1710 1801) His classic description may be quoted
1 part After excluding 1s unimportant other types of chest pun
he writes  But there 1s 2 disorder of the breast marhed with
strong and peculinr symptoms, constderible for the hind of dn
ger belonging to 1t and not extremely rare which deserves to be
mentioned at length They who ate afflicted with 1t are seized
while they are walking (more especially if 1¢ be up huli and soon
after eating) with 4 pamful and most disagrecable sensaton 10
the breast which scems as 1f 1t would extinguish Iife if 1t wete 10
incrense or conttnue but the moment they stind still all this un
easiness vamishes In all other respects the pauents are at the
beginning of the disorder, perfectly well and mn paruculir have
no shortness of breath from which 1t 1s totally differene  Heberden
overlooked 1ts mechamusm Jenner (1749 1823) and Parry (1755
1822) believed that they had found its ctuse wn diserse of the
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schemua that 15 the blood flos through the artenies may be dc‘;
fictent (a) because of systemuc mnadequacy of venous rerurn :mE
cardiac owput or (8) locally because of vasoconstricuon ot O
scleronc obstruction (2) ‘The disrarbance may be myocardial the
result of an excess of foncuonal demand sndfor the difficulry of
mecung 1t umposed by hypecraphy or (3) 1 may be metabohic
and anse from chanpes n the chermstry of blood (hypoglycemia
anowa or gnemn) or ussue (loss of carboxylase m viamun By
deficiency loss of creatine phosphate 1n myocardul fallure) The
manner of onset and character of the symproms enable the physs
Cian o assess 1 patt as feast the culpabiliry of each facot 1 the
producuon of angmna 10 the patient uader study

Aps To DIACNOsIS

Hygpertensive pauents who have angina commonly show efec
tsocardiographic abnarmahties dunag rese which signdy as da therr
symproms ivadequaty of toronary perfuston These are marhed
devianons of 5-T segmenc 30d T wae the evidences desceibed
earlier 25 st and strain wath Bbrosis  dhe presence of sacer
ventricnlar or surculoventnicutar block The residue of old infare
won 1 an abnormal Qs or Qe o tnverted Ty wave may be seen
That such should be the case would be predicted from the almost
unttorm presence of ofd myovardial scars m angnat subjears A
fosmal wracing does not exclude the dugnosis

Cutiausly just as angina 15 anfrequent 1n congesane farlure
€ s rate 10 patients wuth auricular fibrillavion or fluter although
W fnay appear in the uervals between atacks, An important chay
actetisac of angwna pectons 1 that an attack spontaneous or volun
anly induced 25 rapidly cut shore by the use of mitnes { p 170)
Of th 25-50 per cent of pavents with angon who do oy show
electrocardiographic abaormalitses at rese more than half wdl de
selop them duting exerise or dunrg the other tests of latene
catonaty deesse (p 159) Falure 10 reprodace the atesel. or 10
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duced from Harrisons tabulation 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 1n whom pain was
atypically distributed

The classic descriptions of angna pectoris and 1ts aberrant pat
terns have, by their respective centermngs of emphasis aded the
growth of diagnostic misconceptions 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 1t may
be neither substernal nor precordial 1n 1ts principal locus and may
at trmes wholly lack a substernal component Sometimes pan 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 hypoglycemta Haraison has
noted that the tendency to attachs may be relieved rather than
creased by the ingesuon of food Aggravation on recumbency and
relief on taking food are not frequent in Barness experence of
our own

On the other hand relief on standing erect suggeses 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
relieved by nitrites) and pamn related to movement of the head
or arms may be due to cervical osteoarthrits

MECHANISM

The pan of angina pectoris 1s believed to anse from in
ton of myocardial nerve endings by accumulaton of a metabolic
product (or products) which can readily diffuse mto the blood
stream and which can be quickly altered in the presence of an
adequate supply of oxygen The disturbance of oxidative process
which gives fise to this hypotheucal accumulation of P (for pun)
substance may have one of several causes (1) It may result from
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e flow of blood as well as increased cardiac worh The physictan
need not fear but rather should rejoice 10 3 reasonable decrease 1n
artenal pressure obtaned by a planned therapenue tegime A fugh
arterna pressute 18 mort. of an obstacle than an aud to effecne
oyocardual blood flow

Temporatly tncreased myocardial effort 15 the common 1m
mediate precipitating sumulus The pavent 15 usually anare of the
amount and type of actwity be can wolerate He should be wnstructed
above all to slaw dowa m all actwity and 1o heep well nathim the
boundary of patn whateres the response 0 weatment Reduction
of wesght 15 cleatly advisable among the obese since bodily move-
ment increases cardsac worh The subcaloric dret prescrbed for thus
purpose has the add: 1 ad of reducing bolic rate
Some pauents with angna have loose relaxed abdominal walls
fuert suggested that angina which ocouss on effort and in the erect
posuon i muddle aged men may be related o orthostatic pooling
of blood i the relaxed abdomen the resultant decrease in cardiac
output provokmg the attack Fitung of a swtable abdomsnal belt
increased effort tolerance i such cases But thuis form of easily
remediable sngina 15 found afl 100 rarely

In the coronaty arteties vasoconstuction without artectal dis
ease 15 farely 1f ever a factor Rather the combmed mechanisms
of mcreased myocardual effort coronary vasoconstnicton and ob-
structon by atherosclerosss underlie the process Although some
means way be found 1o retard the progress of atherosclerosss there
15 a0 evidence that any are avaleble which will semove 3t extept
posubly severe calonic restncuon The prncipal aims of weatment
st be the prevent on or release of vasoconstriction and attempts
at vasoddation which may speed formation of actertal collaterals

VASOMOTOR 4ND PSYCHOGENIC PRECIPITATION  Vasocon
suicuon s commonly due o netvous sumulation In angma the
modes of such sumulation whether psychuc or reflex must be de
pressed The classic example of angaa precipuated by psychac
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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 fiow. of blood as el as sncreased curdiac work. The physician
need nor feat but rather shauld rejoice in 2 reasonable decrease 1n
artersa) pressure obtaned by 2 planned thetapentsc regune A'tugh
artersal pressure 15 mare of an obstacle than ar aid 1o eBecuve
myocardal blood flow

Temporanly increased myocardul effore 15 the common m
mediate precypitsung strmulus The pauent 1s usually anare of the
amount and type of actsvity he can tolerate He should be mstructed
above all 10 slow down 10 &}l activity and to heep well withio e
boundary of pain whatever the fesponse 1o treatment Reducnon
of weight 15 clearly advisable among the obese since bodily mone
emeng incteases candiac work The subcalonr diet presenbed for ths
purpase has the add 1 ad of reduaing bohe rate
Some patems wh angna have loose selaxed abdomsnal walls
s suggested that angma which ocouss on effort and i the erect
powton 1 muddle aped men may be related 1o orthostate poohing
of biood 1 the telaxed abdomen the resultant decrease 1n cardrac
qutput provoking the atrck Fattmg of a smtable abdomuaal bele
wncreased effort toletance 1n such cases But this form of easdy
remedable angina 1s found all wo rarely

In the coronary areeries vasoconstricuon without artetial dise
ene 1s rarely if ever a factor Rather the combined mechanssms
of increased myocardial effort coronary vasoconsticuon and ob
strucuon by atherosclerosis underbie the process Although some
means may be found ta retard the progress of atheroscleross there
15 10 evidence that any are avalable shich wall femOote 4 except
pasuibly severe calonc restriction The prncipal aums of treamment
must be the prevention o telease of vasoconstricnon and attempes
at vasodibevion whuch may speed formanon of anenal collaterals

VASOMOTOR AND PSYCHOCFNIC PRECIPITATION  Vasocon
stucuon 1 commonly doe o pervous samu)

sodes of such suonulason, whether psychic
pressed The classic example of angina

latoa fa angina the
or reflex must be de
Precipitated by psychc
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sumulation 15 that of John Hunter My life he said 15 1 the
hands of any rascal who wishes to worry and tease me Home
wrote 1 his brographical note on Hunter It 1s a curtous circum
stance that the first attack 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 broughe on shighter affections
1t sull required the mind to be affected to render them
severe, and as his mind was arritated by trifles these produced the
most violent effects of the disease His coachman being beyond his
tmes or a servant not 1ttending to his direcuions brought on the
spasms whle 1 real misfortune produced no effect At St Georges
Hospital he met with some things which srrtated his mind and
not being perfectly master of the circumstances he withheld his
sentiments 1n which state of restramnt he went into the next room
and turning round to Dr Robertson he gave a deep groan,
and dropt down dead
Hunters case with predominant emotional precipteation of
attacks nd concewvably snitiated by myocardual infarction 35 not
typrcal for 1n only 10 per cent of Harfison's series was angna pre
cipitated by emotion without exertion The mechanism of emo
nonally condittoned angmna 1s probably muluple on one hand
there may be direct vasoconstrictor impulses released by emoton
on the other hand the increased blood pressure which emotion
excites may cause the releasc of cerebral and sinoaortic reflexes
which reduce the adequrcy of myocardial perfuston or cwse
tachycardia and ectopic beats In either case a mental atutude
which depresses the psychic provocitions to angina 1s t0 be recom
mended 15 part of the general treatment of hypertension The rela
won between emotionil upsets and angmal atracks should be
brought to the patients attention and he should be counseled on
means of avording them Sedatves (phenobarbital 15-30 mg
14-15 gr) three times 2 d1y and at bedume may ad im When
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{ife simavon ot personaliy difficulties seem 10 be major factors
appropriate measures should be counseled.

VASOMOTOR REFLEW PRECIPITATION Reflex sumulation
may aese ta the skin {esposure fo cold) or tespiratory passages
(breathung cold ast walking aganst the wind) with disorders of
functon of the gastromntestnal tract or from pan 1n thus of other
regions Distention of the stomach or Powel by food or gas causes
2 sharp reduction sn coronary flow Galbett, Letoy and Fenn
creased the sensinveness of anginal patents 10 anoxia 20-40 per
cent by feeding and abolished the effect of meals by atropme Ay
provocanve acuvity should be averded afrer meals when 60 mimn
ntes of fest @ a chare or on 2 couch 15 adisable Bulby or gas
formung mesls cacbonated dnnds and wr swallowing must be
avorded. Constipation should be overcome by mild methods

Since smohing may induce anginal attacks or possibly mncrease
susceptibility to them 1t 55 best avouded In some people smoking
produces elecuocardiographoc al These changes
added to those of the morbid process seem undestrable

Heberden found thar wise and spincuous liquors and opum
~—the last then freely prescribed— afford considerable relief Ths
tehief may be prescribed wath due regard to modetanon as 2 glass
of sherry an unchilled highball or an ousce of whihey of w the
evening a5 a hot toddy Studses have shosn that alcohol does not
directly affect angina as such apart from telease from tension 1t
may afford For some patents vncnre of belladonna (5-15
munwems 03~1 ) tahen 30 mimutes before meals may be ad
vantageous Reflex constsicuion from evreacasdiae PuR iy pre
ctpitate actacks or electrocatdiographuc abnormalimes 1 patients
not othersise suscepuble This seems especnally true of bihary pun
and discomfort Rehwef 1n each case depends 0a speafic imdicatior
When brliary disease 15 present and o #

3 ¢ PRIAOR 15 not contemplated

VASOD‘L““’O" simple prep of bale sales s usefuf

N After preventng constriction the pext pro-
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cedure 1s the provision of vasodilaton One means to this end may
be oral admnsstration of xanthine compounds eg  theobromine
calaum salicylate (7Y% gr, 05 Gm) or theophylline with eth
ylenediamine te ammophylline (3 gr, 02 Gm), four nmes 2
day Both drugs are best tolerated when enterically coated howeser
since the coaung does not always dissolve coated tablets are some
ames neffecuve Caffeine although a purine vasodilator should be
avorded because of 1ts cerebral action and uts use as coffee shonld
be limited. Alternauvely papaverne (3 gr, 02 Gm) may be
gwen orally three or four umes a day It depresses ventricula
exatability and may lessen one source of the patents anwety
namely extrasystoles Its general usefulness 1s controserstal Vaso
dilator tissue extracts have been tried bue the effect 1s uncertun
and the demands on physicran and patient by dasly njection are
onerous Testosterone intramuscularly (as propionate 25 mg)
three times weekly has been effectve sn some males However the
expense may weigh heavily on those already greatly burdened Itis
not clear whether its acuon 1s one of vasodilatton of hypogonadal
relief or a direct action on the cardiac muscle as part of 1ts claimed
systemic fontc action

The attack —The physician having taken measures which pre
vent vasoconstricuon and promote vasodilation must ordimrily
leave actual treatment of the attachs to the pattent The patent
should know that he musr rest during the attach He 1s gwven a vial
of nitroglycenn tablets The more soluble hypodermic tablets we
preferable the dose 15 03-06 mg (1/200-1/100 gr ) sometimes
less and 1s selected by the patent s response when he dissotves the
tablet under his tongue duning an attack The tablet 15 used when
ever an ateack 1mpends or occurs or when an unavordable stuatton
arises which the pattent knows may provoke one A more rapid
but somewhat less tasteful effect 15 secured by mhaltion of amyl
auete (012-018 cc ) from a glass perle crushed m a handher
chief A umid patient 15 usually prevented from excesstve dos1ge
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of excher auteee by headache When due moderation rest and other
measures do not prevent frequent atacks the doses of mitnte
should be tepeated as necessagy as often as 20 umes a day Since
these drugs cause vasodilauon and wroporanly dectesse venous 1€
rurn the pauent should sechine of sit when he makes them to avord
syncope aad hypotension wth (s sk of acute coronary smsuf
ficrency

A group of pitnites which because of theur slow pastrontesttnal
asbsorption have a sustained and delayed acuon ate often used for
their prophylacuc value Erythrol terranurate (0015-0 03 Gm
Uity gr ) 1s wken by mouth 1t effect appears 12 aboue 15 mua
utes and lasts theee hours Mannuol hexanstrate (006 Gm 1 gc)
has a licde slowes acnion 2nd Jasts perhaps an hour fonger The
slowly acung nuttes have a lumteed usefulaess They shauld not be
adminsstered unless 1€ can be shown that they acrually reduce the
number of attacks of pan

Narcotcs—like Heberdens oprum 1 which the non narcote
sasodslator papavenine oy have been a sigmficant componem—
have no place 1n the treatment of an atrack which subsides within
0 minutes Ordinanly 2 hypodermc injection cannot be gnen
much less ume than it takes the anack o subside and when the
severity and duranion of an anack seem o require 12 the dragnosis
should be questioned

Certain drngs shoudd be avoided or used only for spearfic indi
cations  These are thyrod h hed b Tino®

putep! F
pirstrin” and wssally hiocy anate Drgualis 15 used only 1n angina
clealy associsted with congestve fature for wiwle Increases
coronary blood flon m the dilated heare o may dectease flon 1n
the undifated heart. Thus vasoconstescror effect appears most diten
when the dosage i such as 10 cause other toxie side effecrs

A few povents remain whose pan 15 noy prevented of relteved
by the customary treatment and who therefore find hie atf but
meolerable In many of these angina 18 the sequel oF cecrat mue
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cedure 1s the provision of vasodilation One means to this end may
be oral admmustratson of xanthine compounds eg  theobromine
caleium salicylate (7% gr 05 Gm)) or theophylline with eth
ylenediamine, 1¢ ammophylline (3 gr, 02 Gm ), four tmes a
day Both drugs are best tolerated when enterscally coated, honever
since the coating does not always dissolve coated tablets are some
tmes meffective Caffesne, although a purine vasodilator should be
avoided because of 1ts cerebral action and its use as coffee should
be limited Alternauvely papavenne (3 gr, 02 Gm) may be
given orally three or four umes a day It depresses ventriculir
excttability and may lessen one source of the patents anvier)
namely, extrasystoles Its general usefulness 15 controversial Vaso
dilator tissue extracts have been tried but the effect 1s unceran
and the demands on physician and patient by daily injection are
onerous Testosterone ntramuscularly (as propronate 23 mg )
three times weekly has been effective 1n some males However the
expense may weigh heavily on those alrerdy greatly burdened It1s
not clear whether 1ts action 15 one of vasodilation of hypogonadal
relief or a direct acuon on the cardtac muscle as part of 1ts claimed
systemic tonic action

The attack —The physican having tahen measures which pre
vent vasoconstriction and promote vasodilation must ordmaaily
leave actual treatment of the attachs to the pauent The patent
should know that he must rest during the artack He is given 2 vaal
of mutroglycerin tablets The more soluble hypodermic tablets re
preferable the dose 15 0 3-0 6 mg (1/200-1/100 gr ) someumes
less and 1s selected by the patents response when he dissolves the
cablet under hus tongue during an attack The tablet 15 used when
ever an atrack smpends or occurs or when an unavordable situatron
arises which the pavent knows may provohe one A more rapid
but somewhat less tasteful effect 1s secured by inhalation of amy!
niteite (0 12-018 cc ) from a glass perle crushed m 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
genes) explanauon of byperression se have suggested. Regarding
angina the pauent may be told dhae 1t 15 the sarmng cry of the
heart for blood and et the aeeded blood will be supphied by the
teatment < be guvea 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 or dispel attachs ate placed 1n
fus hands 1t s then hus problem 1o resict effore and to lessen and
avaid the oceasions of emononal tension 1E there is evidence of
senous myocardial of cotonaty 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 sexre because he faded to control hus temper
The prognosts should be more obpecuvely explaned 1o the
nearest imerested relanve Although the average durauon of life
after the first attack 13 commonty connidered 1o be five years White
Bland z0d Mukall have shown that the tme s now almost
doubled—to an average survival of mioe years Ten per cent of
dherr pavenss surveved 18 years of more These data ate compiled
from cbservations 1a both normorensive and hypertensive patienss

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 petfusion 1 shich pait or other distress per

stses fonger than 1 anging
pectorss which
focu of niectous w the oy, i o 2socated s

ocardium but whah does not cause f
ranh.
acute myocardial wfascton ‘Ths state 1 qualiaively different from
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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
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U MYOCARDIAL INFARCTION AND CORONARY
THROMBOSIS

Coronary atherosclerosss latent of evsd
idenced by angina
fons or congesuve falure may be complicated g} thmr:mbie:t
occuon whenever the condinons for wsavasclar clotung
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angma pectors 1n that 1t 1s often assocrated with death of myo-
cardial ussue, 1t differs from coronary occlusion with myocardial
nfarction 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
on 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 this 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 defintce precipstating factor whose presence may
overshadow the assocrated cardiac pain Subsequently, the presence
of myocardial necross may be sndicated by fever leuhocytoss and
elevation of sedimentation rate although these phenomena are not
nearly as common or as severe as 1 major carduc mnfarction The
electrocardiographic changes are more charactensstic 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 nsuffictlency may
be a precursor Morphine may be unnecessary shock s not present,
neuther cardtac rupture nor cardiogenic embolizaton 15 Ikely 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
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wall of the left veatnicle and aptenor intenventricular seprum in
contrast two branches contnbute t0 infarcuon of the postenior
feft ventricutar wail and sepram the cucumflex branch of the feft
and the errminal branches of the night coronary artery Indi rdually
newther channel 15 occluded as often as the antenor descending
artery but the sum of the frequencies of their occtosions fead 1o an
almost equal snedence of postenior and antenot ventricular wnfarc
uon

The area of nfarcuon sometimes dogs not correspond to the
dsmbauon of a sngle nosmal anerial branch Such weregulacly
disposed snfarcts may resuft from occlusion of 2 collateral vessel
sumutared to funcuon by prior occlusion of a normal vessel Except
ia joung persons 1¢ 15 safe even when the infarcnon corresponds w0
normal artersal distibution to consider that occlusion of mare
than one arery partaipates m yts formauon

Coronary drombasts may occur wathout infaretion and myo-
cardual wnfarcnon cammmonly resalts from some testricuion of oxygen
supply other than that of occlusion The compound tetm  myo
cardul infaccuon due to coronary artery occlusion  besc describes
the condiuon although major artetnal occlusion and nfarcnon are

all but synonymous among most patienss with hyperteasion The
term  coronary infarcuon 1S meaningless

Crrvicat DescripTiON

That myocardul fatction due to coronary occlusion might
exist as & syndrome as well as a causc of sudden death was alf but
overlooked uani berneen 1912 and 1029 Jares B Hernch
brought o 1t the attention 1t deserves He had precursors of course
The development of the concepts of coronary disease 15 modestl
told m tus Hustary of Cardiofogy and i a subsequent account c)[
bis own conmbunions As Osler wrore of Holmes and chuldbed
fever 1t 1s not the man who first s3ys a thiag but 1¢ 15 he who sz
1t sa long so loudly and so clearly that he compels meq to he::
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namely slowtng of the stream of blood and endothelial denuda
uon, are fulfilled Flow 1s slowed by sclerotic obstruction and
creased ussue pressure due to increased systolic efforts, the endo
thellum may degenerate over an atheroma forming an ulcer (about
40 per cent of cases) or may be suddenly burst by hemorrhage 1n
the vascular base of a sclerotic 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 avallability
of new collateral channels, occlusion robs a discrete mass of mus
cle of 1ts blood As with vascular occlusions elsewhere the neigh
bonng channels of arteral supply are probably thrown ito reflex
spasm which exaggerates the deficiency of blood flow But reflex
spasm seems to be much less significant a factor in rapid death
after myocardtal infarction than sncreased setieability of the sschemic
muscle which predisposes to ventricular fibrillation (Opdyhe and
Selkure) The central zone of the sschemic area undergoes infarc
won (Lat snfarcre to stuff 1n) with necrosis in the ceater aad
peripheral zones of hemorrhagic exudate (the stuffing) and hy
peremia peripherally during the first week According to the sie
and mass of the infarct the heart action 1s temporarly or perma
nently embarrassed The infarct 15 invaded by granulation ussue
and exudate Absorpuon of the necrotic muscle and resolunion of
exudate are followed n about six weeks by formation of fibrous
scat Meanwhile collateral vascular channels have been formed
and the site of obstruction may itself be recanalized bur the new
channels are less effective than their normal predecessors because
they are smaller and carry 1 lower head of pressure

The sites of atherosclerouc predilecuon on which occlusions
form lie at pomnts 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 left anterior
descending artery Its occluston results i mfarcaon of the anterior
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enced by the obstrucuon and by the ability of the remaiung ves

sels propetly to catry on theie notk a8 Qetermmed by thete health
or disease No simple climcal prcrute of the condition ¢an there
fore be drawn. All attemprs at dwiding these chinieal mantfest
tions into groups must be artificial and more or fess wnperfect Yet
such an atternpt 15 pot withont value a5 1t enables one the berter
to understand the gravity of an obstructive acadent to differentiate
1t from other conditions presenting, somewhat sumlar syndromes
and 1o employ a more rauonal therapy that may 10 a shight extent
at feast be more efficient. Thus wrote Hernck 1n 1912

Death mey be iumeduate and punless or delayed a few min

utes and agonuzing survival may be for dags months or years

pam may be severe and the symptoms insigmficant ot the disturb-
ance profound and pam hardly felr, These are a few of the varanes
The typical pattern 1s that of a group whose symptoms are severe
are disuncuve enongh to ensble them 10 be recogmized as cardiag,
and 8 which the artack 15 usnally fatal but nor immeduately and
pethaps oot necessanly o (Herneh)  Usually and pethaps
the last sentence have been modified as recogninon has ancreased
and proved. The present
from 10 to 30 per cent

ey fate 15 d at

The attack may ocour a1 any ume of the day or mght Unlide
angina pectosis there 15 no immediate assonation with exercise
Indeed exerose seems to speed blood fiow and postpone the com
pleton of a clot and rest, which slons flow may permut occlusion
Sometimes a Yustory 15 obtaned of unusual exerpon nhuck pre
cedes by a dag of two an attack which comes on dunng sleep In
such cases 1t 13 conjectured that the stean of exerion has sheared

off the weakened endothelum over an atheroma ce caused hemor
::age‘ into 1cs base and that the slower ereulamon of sleep allaws
€ clot 10 become complete More aften no y
Y

10g factor can be found s preopra

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

Rapudly sncrewsing recognition of the syndrome brought to
light the enormous problem of an affliction which strikes down
vigorous men, more thin twice as often as women, and 1 the prme
of useful Life Nearly half the deaths from heart disease are now
related to coronary arterial occluston, 1n 1925 less than a thied of
cardinc deaths were attributed to any form of coronary disease and
occlusion was considered rare Istimates of the frequency with
which hypertension precedes occlusion vary from 20 to 80 per
cent It 15 all but certain that hypertension predisposes to 1t, for as
with 1ngima coronry occlusion rarely occurs m women in the
absence of increased artersal pressure diabetes or other defect pre
disposing to theroscleross

Predisposing factors are those of atherosclerosts three of these
~—advancing age, masculimity and hypertension—s.e have noted
The others, though hardly less defintte, are not as clewly under
stood Obesity probably doubles the Iikelthood of coronary occlu
sion The general impression 15 that incidence 1s most frequent
among heavy set muscular males A concomitant personaliy pat
tern which differs 1n detail from that of essential hypertension has
been desctibed The psychologic points of diffetence are belteved to
lie 1n the greater tendency of those with coronary disease to project
their emotions so that they strive and domiunate are atticulate and
compnionable and overnork toward a planned future The group
therefore tncludes at any level of mcome nd social status those
who tend toward larger shares of 1chievement mcome and educa
tion The manifestations of the disease are more severe i sensitve
mentally overworhed and frequently robust or stout professional
and busimess men than 1 other ndividutls (White)

The chintcal manifestanons of coronary obstruction will evt
dently vary greatly depending on the size location and number of
vessels occluded The symptoms and end results must also be influ
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tation rate The beat ceases in the infarct 5o that it forms a passne
comporent of the yentncular wall wiuch by yoentgenkymogeaphy
ot fuotoscopy may be seen to dilate m systole

The infatet mav extend to the epreardum A depost of fibrin
chen forms on the surface and espeaaily when 1t 15 antenos causes
2 fcuon rub which appeats 1 about 24 hours and lasts for hours
ot days When the infarce causes necrosis of endocardsal endothe
Inam  fibrin 55 deposized from the blood Thas mural thrombus 13
at first loose and weak 1 mesh since 1t encloses many cells thus
1t breaks easily and gves tise to embol which since the snfasction
occurs most often 1 the left ventnicle pass anto she systemme arsenes
The resultant embolzation appears 1 the bran spleen or kidney
or less commonly 1 the limbs where the volume of blood flow 1
smafler When the carduac symptoms wete shght os discegarded

the symptoms of embolization may fiest attract atenuon to the
underlying disorder

THE ELECTROCARDIOGRAM

The electroc

diogram 15 of preat imp e 1n the diag

of myocardial wafarcuon since 1ts pattern 1s chatacterisuc 1n mose
than nine cases out of 10 The principal changes occur 1n the Q
S and T waves and 5-T segments They are wsually recorded in
opposite decuons from the soelectnic line i leads I and JII The
patterns evolve theough one of recent infarcton presert waghun &
few hours and lastng for o to four weeks to one of Jate iface
ton and thence to the abhormalines of healed wfarction Lead
I and chest leads ate greatly affected by electrical events on the
antenior surface of the lefe ventncle so that the more conspica

©us changes of anterior nfarcrion appear 1n there tecords Posterior
wnfarcuon 15 indicated chiefly by changes 1n lead HE The vatm

wons of these patteras of 1 certamn cases the absence of elec

uocardiogsaphee changes m swandard humb leads have fed log
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form slowly 1 the lumen manifestations of 1t presence miy prc
cede 1ts complenon These are found retrospectsely 1n 40 or 50
per cent of cases to be present within the 24 hours or even the two
weehs beforc the attack Cardiac pan 1s the most common, although
dyspnea and palpication may occur The pun his the distubution of
angm pectonss and may occur vt rest and prss off with evcrton
This 15 one of the puns the pwent walks off These stgns and
symptoms 1re 1n fact 1lmost wdentical with those of coronary nsuf
ficiency or cute coronary fulure (p 173) The sudden onsct of
any untowird cardine mamifestinion 1n 2 pattent whose build wnd
age mihe hum lible to coronary arterial diseisc may be 4 wirming
of impending occlusion Unfortunately these precurrent symptoms
are rirely premonitoty (Lat  praemonere, 10 wan before) 1n the
sease thie they 1re recogmized for what they are by purtent or physt
cnn

Consequently all but 1 few patents are first scen after finl
occlusion Paun 15 present 1n all but 3 or 4 per cent of those who
live 1o tell their story Its character and distribution are those of
angina pectons from which it differs 1n that 1t is prolonged rarely
relieved by fest does not fully respond to mitrites nd 15 slowly re
lieved by morphine It 1s Imuted to the upper 1bdomen 1 2 1 per
cent of cases Like anginal pain 1e1s presumed o arise from accumu
fation of metbolic products 1round nerve endings which i this
mnstance be at the mugin of the infarct The afferent wronomic
stumuli Also set off reflexes Locully chey cause vasoconstriction 1nd
systemically cause vomiting, gastric and intesuntl distenton trinst
tory hyperglycemin and glycosurin The frmulir chinieal feaures
(syncope feeble heart sounds initial shock hypotension changes
of rte and rhythm dyspner congestive fulure persciedits em
bolization  electrocardiographic abnormality) which attend and
follow the attach dernve from the presence within the heart of
necron¢ ussue cusing fever leuhocytosts and tncreased sedimen
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CouRsE

‘Ihe effect on arternal pressure vanes ‘The cardac mpury may
cuuse it to fall gready at the onser, and shoch may appeat Ina
hypertensive patient a fall of syswolic pressure 1o 90 mm. Hy s
umusual and omsnous Commonly n the absence of prolonged
shack of severe congesune fallure the pressute nses sn 48 howrs
10 s premfarcion leved and a secondaty moderate decrense ap-
pears 10 12-20 days The pressute may teman at s decreased
level or 1n some ho thirds of pavents be restoted 1o the ongnal
fexel wichun weehs of months Most of those whose pressure docy
oot return o 1 former Jevel suffes from moshed myocasdial dam
age are dysprerc 1n fulare and bedfast A very fes are not, but
rather seem improved. o these 1t may be nfessed shas the pro-
fonged decrease of blood pressure has somehaw decelerated the
acuity of the hyperensive state

Shack, congesuve falure 20d the onset of ventricular fbolla
uan oc embolzanon from a mural theombus may cause death
dunng the brse neek Near the end of this ume the ventrcular
@ all may soften and burst, Thus occurs i about 5 per cent of fatal
€ases a 15 three umes as likely when hypertension s present and
persists after mfarcuon and s 1ess “hely (n che presence of hyper
trophy or when the scar of previots infarcrion duckeas the wall
Thnmag of the wall which probably predisposes 1o ruprute and
Jater zesults i cardiac aneurysm has been expenmentally shown ta
follow exerase dunng the Srst weck after coronary hganon The
orgituzation of the scar 8 nearl¢ complere at aboue the eighth
weeh although further recovery of rapocardial function may be
expected. Between the fitst and the erghtlt week pulmonary emboly
zauon may occur from saphenous femoral or dduc theombs ausing
om the bass of mmmabdizavon stowed crcylavon and the  throm

boud dnthesss™ of ceream pacents The hazards of sudden death 2nd
of repeated infarchon persse
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s€ally to widespread use of semudirect (chest esophageat) leads
These are often more accurate 1n their localization of mfarces be
cause they record the mmpulscs from potacs close to the heart and
the stee of mpury

The record may afso be used to establish the nature of an ac
companying abnormality of electrical mechamsm As with othet
electrocardiogriphic changes, the patterns of infarction are more
surely interpretable when 1 previous recoed 1s avatlable for compan
son The use of multiple precordinl leads and the direcuon of tech
oic and terpretation of records by one skilled 1n them will resolve
most problems of difficult dragnosts The anatomic 1ccuracy of elec
trocardtographic prediction 1s about 95 per cent

Among abnormalities of conduction and excitation which may
appear 1 the electrocardiogrum  the more important ate heart
block auricular fibrillation alternation and ventricular extrasystoles
which proceed at times imnto ventricular tachycardia from which
fatal ventrcular fibrllation develops  Ventricular tachycardia
should be suspected when the heart rate suddenly becomes raprd
(180-200 per munute) while fundamentally regulir and unce
sponsive to carotid pressure

DiagNosis

This 1llness 15 now widely recognized We need not delay to
summarize clinical and laboratory data and the observations which
establish 1t Conditions such as pulmonary embolization pericasditts
sortic dissection pneumonia hefpes zoster and acute upper b
dominal disease may temporanly simulite some of the aspects of
infarction Pain alone possibly frght may give fise to bnormal
sties of T wave and S-T segment but not to charactessu¢ abnormal
stees of the QRS waves  If the diagnosis 1s uncertug 1t 15 much
better to err on the side of safety (Gulbert) This s especially
true 1o the treatment of a hypertensive suspected of having myo

cardial mnfitcton
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40 per cent wege the result of recutrent snfarcuon 35 pet cent were
sudden and atmbuted 1o ventricutar fibnilanon 20 per cent were
due 10 progressive congestve failute The more severe the mtial
ateack the longet its mamifestations ook to subside the more Tikely
was the evolution of myocardil mfarcuon into 2 course of con
gestne fatlute severe angoa and greaty restricted actunity  The
patent may be heattened by numerous accounts of sursnval 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 dystrophy 1m the hand may follow an artach by neeks 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 s nounshed by adequate collateral vessels With due
fegard (o tmprovements 1n trestmenr, 1t seems Ikely that the
proved prognasts of thus state over Herrick s early esumate 15 pardy
aunbutsble to the diagnosis of mild cases

Prezention —Prevennve trertment must for 2 nme reman a
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



186 ARTERIAL HYPERTENSION

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 1schemra of angina 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 retennion had made st seem aneffecuve In such
situanons s 15 probably better to give a smalf dose (g ot 1/12 ge
Sar$ {mg ) intravenously Atroptne (1/75 gr 08 mg ) 1s gnen
subcuraneously with the first dose of morphne A coronary vasodila
tor eher papavenne (Ya-1%2 gt 5090 mg) or theophylline
with ethylenediamune (334-7%% gr 021-048 Gm.) 15 gnen
slowly tntavenously theough a 25 gage needle withdraning blood
1nto the sytnge from ume to tme and contotling the tate by
ceasing njection when the pulse speeds ot weakens

If the patient 15 not thete already he should be put 10 bed
preferably 1n 2 Gach bed. An ordinary bed 15 provided with back
and knee tests and the head rased on a cha ot blocks of wood.
Once there whether i the hospiral or at home he should ot be
moved under circumstances short of fise for three weeks

Oxygen 15 broughe o the bedside  dyspnea pulmonaty conges
non Cheyne Stokes tespiration cyanoms shock ot untoward cardiac
rhythms ate tadicattons for 1 use 1n concentratians of from S0 o
100 pet cent. The Jower range of concentrations (50-75 per cent)
may be secuted comforrably by a tent or more rapidly by a nasal
eatheter saserted 1ato the orophargnx The use of a catheter tequises
applicanon of a surface acung local anesthetic omement 1 1s trach
through the nostnl lubrication and removal of the catheter and
fe msernon 1n the opposite nostnl once 1n 24 hours The most saus
factory device 15 the oxygen mask Severe symptoms require the use
of 100 per cent oxygen for wiuch the mask 15 the mose practical
means with the gas delvered at a rate of 12-15 L. per minute The
absence of cyanosis docs got mndicate that pxygen 15 uscless Barach
observed  Even though e Oxygen saturaton of artessal blood
may be normal 1t shauld be borne 10 mind thar the mhalation of
100 per cent oxygen 15 accompaned by 2 stgaificant icrease 10 the
physically dissolved axygen of the artesal blood leadng 10 the
coffatceals of the occluded blood vessel Thss results 1 3 substan
wal snerease i the pressure of oxygen avarlable 10 the heast muscle
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appear, bed rest 15 desirable, not because 1t will prevent the ae
veloping occlusion but bectuse the supervision 1t tmplies should
enable the physician to Limtt the effects by immediate treatment
Controlled administration of anucoagulants such as hepatin and
dicumarol® might stave off threatened thrombosis But these ate
two edged swords since the mtimal hemorthage on which occlu
sion so often depends may be increased when coagulaton 15 1n
hibited Papavermne (3 gr, 02 Gm ) three to four umes a day
orally may be given as 4 vasodilator and nlubitor of ventricular
wenrabihity, and atropine (1/75 gr, 08 mg) three nmes 2 day
subcutaneously as an mnhibitor of refles vasoconstriction Although
experimentally indicated nesther procedure 1s chinically established
However, since 1t will remun impossible to prove the advantage of
procedures aimed at preventing imminent myocardial infarction
the logic of the sttuation demands a rounne of rest and approprate
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 physicnn uncerramn of the diagno
sis, fears to alarm the pauent or even when sure of his ground
believes thit bed rest and nursing care are all that ¢an be done
(Gilbert) In some cises the diagnosss must at first be obscure
The physician whatever tus feelings should present himself as exsy
quiet confident neither indifferent nor alrirmed Although he must
Lnow that he cannot 1bolsh 1n occlusion by acting quickly he
can do much to control 1ts consequences

IMMEDIATE MEASUREs Morphine (14 gr, 16 mg ) subcutine
ously 15 usually the first drug given and 1s repeated at tervals of
30 or 60 minutes as necessary for pan for three or more doses
Shock with feeble peripheral crculition and some dulling of the
sense of pam demrnds that less be given This 1s because the e
stoted circulntion which follows relief from shock may disastrously
pour 1nto the vetns a pool of morphine from the subcutneous ts
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"Fhe sum of the evsdence gathered 15 that the hazards of the use
of anutoagnlants do pot dicate thewe ad when
smsh(\or; <eqal measitements of prothrombin tme can be made
a0d that sk thus safeguard and with adequate dosage the use of
dicumaral® greatly reduces the nerdence of thromboembolism and
definutely decreases mortality It s of course contraindicated 1n the
presence of hemorthagic diatheses The fact that 23 deaths have
been attributed 1o dioumarol® suggests that it should 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 advanmge even in
vety senous crcumstances and thar under proper safeguards 1t 15
compatansely haomless

Stnce dicumarol® does not have an unmediare effect anticoagy
fant weatment 15 wsually started by ging enough hepann nteave
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 deaded on Usually the second dose will
be 200 mg and dus will be repeated duly to mamtun prothrom
bin tume 1n the range of 30-35 seconds (Lank Shapiro method
ootmal 15-17 seconds)  An addinonal 50 or 100 mg may be re
quired 1o reach this level Disage 18 decreased ot suspended when
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 peothrombin tme teaches 30 seconds when the
amount 1o mamtan the level berween 30 and 50 seconds 1s deerded
on as 50 100 or 200 g depending on previous responses

The aim sa stheduling dosage 1s to mantan prothrombin ume

betneen 30 and 50 seconds duning eh
g the three to fo
thromboembohsmm is to be feared e weeks i whiich
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which may muntain the funcuon of the circulation as a whole
even in the presence of 1 considerable area of infarcted and func
vonless cardiac muscle In severe cases oxygen treatment should be
contnued for approximately five days after onset of the attack
Overbreathing as from pain, may cause loss of catbon dioxide and
a tendency to 1lkalosts which in turn sensitizes vessels to constric
won This hyperpnea may persist when oxygen 15 used A catbon
dioxide defictt due to overbreathung ss evidenced by decreased
plasma content of carbon dioxide and ~lkalinization of the urine
It 15 countered by administering low concentrations (2-5 pet cent)
of carbon dioxide with oxygen

ANTICOAGULANT TREATMENT The discovery of dicumueol”
was fasanaungly told by Karl Link i the Harvey Lectures of
1943-44 Trom us firse solation 1t was obvious that the drug
would serve 1n the treatment of primary thtomboembolic discase
Several clinicians later independently developed the view that it
might prevent thromboembolic complicauons of myocardial 1nfarc
tion In 1605 cases in the Iiterature Hellesstein and Martin estt
mated the incidence of such complicanions as 115 per cent But
evidently as 1 result of increased awareness and more searching
exarmination they found an ncidence of 45 per cent in 160 cases
of their own In order of frequency the sites of embolization are
the lungs hidneys spleen extremiuies and bram In general 1t 1S
conceded that these complications 1ccount for about 20 per cent of
deaths from myocardial infarction Consequently their 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 acgts of the Americin
Heart Association a group of 1nvestigators headed by Irving Wrighe
set to work on 1 statsstically sound clinical trral aimed at evaluating
the advantages tequisites and dangers of dicumarol® treatment 1n
patients with myocrrdial infarction
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wsolation may do hatm by causing anxiety The shilled nutse 1s per
haps the best judge of the good ot hure they may do Complere
mental relasanon bordenng on dransiness 35 obtauned by mor[:hme
gwven only tben pam persssts or by hypnotics such as amytal ® pen
tobarbical (146 gr 01Gm ) phenobatbial (4 gr 005 Gm ) or
chlotal hydrate (10 ot 15 g7, 065 0c 098 Gm } theee umes 2 dn

sepatately ot 10 alternanon Alcohol in some agteeable form neither

wced nor 1n carb d waters butes 10 re) and 1n small

doses (Va1 0z ) threc ot four nmes a day may substinute for other
sedation Coffee 15 gven only n caffene frec forms Smoking 15
forbidden

The diet at first should be iquid provided every four hours as
broth mlk ot frwt yuice (not 1ced) and after a few days sofr as
custard apple sauce coohed cereal (nerther hot nor cold) and never
guen with msistence An mtake of about 1 500 calories 1s adequace
Flud sntake 15 mantamed at 2 500-3 00D ¢cc daily Thete 1s noth
g o show that any reasonable volume of swaflowed water can be
4 lo2d on the heart except by reflexes which a large volume of 1ced

wa er can release from the stomach The discomfort of dehydration
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 s then gnven and
tepeated as necessary ANl panents shovld use the bed pan those
sho make hard work of 1t may be moved ta 4 commode beside the
bed for evacuauan of the bonel After 48 hours 2 sentle faxause

(eascara, muneral ol and agar mih of magnesia) may be pre
scribed darly

The regume 1 best secuted theough carefid skilful professional
nussing Spernl care should be continued ar Jeast o weeks

CompLICATIONS A common complication of the carly course
15 abdomsnal distenuon Stce w decseases coronary blood flow 1
may be & 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 15 contnued as necessary for pamn
Reflex ectoptc thythms may be inhibited by atropme (1/150 gr,
04 mg) given at four, six or eight hour ntetvals 1n the first 24 or
48 hours Vasodilation 1s sumulated by repeated perhaps alternat
g use of papaverine (3 gr, 02 Gm ) orally three to four times a
day or (134 gr, 01 Gm ) intravenously every three or four houts
or amnophylline (334 gr, 025 Gm ) intravenously every four
hours The two drugs should not be given 1t the same tme but may
be given one or more hours apart The dostge of atroptae 15 de
creased 1n the presence of tachycardia and discontinued when the
patients condition seems stabilized that s, at about 48 houts
Papaverine and aminophylline may be contnued Of the two pipav
erine because 1t acts as a vasodilator and a ventricular depressant
may be the more useful If 1t relieves pam, 1t may subsutute for
qunidine (3 gr, 02 Gm orally every six hours) which also nhib
ts the abnormal ventricular thythms shich go on to fatal fibull
tion Complete auriculoventricular block rarely present, 1s a pre
sumptive contraindication to the itravenous 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 convine
ing experimentally that we would conunue their use

Later DAys Although the emergency of the first tno or three
days may pass without complications the ums 1nd modes of treat
ment are little altered The physicran's purpose 1s (1) to reduce to
a nunimum the demands on the heart, (2) to encourage collateral
circulation and inhibit thrombotic spread and (3) to prevent and
treat complications

The work of the heart 15 reduced by rest physical and mental
The patient 15 given no occasion for unnecessary movement He i
fed during the first week Nonessentinl examunanons which require
movement are left undone His visitors the immediate fanmly and
close friends are selected and instructed on therr behavior which
should not cause anxset or any violent change of mood Complete
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continued 1n 3 gr doses (0.2 Gm.) three tumes 2 day afeer meals
It » not ta be given wtravenously or 1w the presence of severe aunic
wloventriontat block A synexgism of quimdine with strychmine sal
fate (1/40 gr 16 mg) may be useful paruculaty 0 conrrol
aunculae fibollavon when given orally three vmes a day When
quimdine and papasenne do not suffice magnesiom sulfare (1015
¢ of 20 per cent solunion) may be njected intravenously the heart
rate serving as a guds @ the solume and speed of the injecuon
Potassum chlonde (15 or 30 gr 1 or 2 Gm ) every ™o ot four
hours orally may be given 2lone or with qumdine or papavenne
Abnotmal aurcufar thythms unless they lead 10 tachycarda or
congestve fadure are not useally cause for concern Paroxysms of
funer or fibnilanon nhuch do not subside of themselves may be
checked by qunsdine (gren i che manmer described above) of
dgralis

) Congestie heatt faslure 1s most common yust as occlusion
15 most omunous 1n older patents apd 1n those who suffer fram
hypercension. An emergency may be nded over by renesection or
bloodless phiebotomy The latter consists 1o applicanon of blood
pressute cuffs 2round the four lunbs alternately brovght 1o and
released from dustolic anternal pressure Recent evsdence indrcates
chat inducuon of hgh caudat anesthesia may also trap blood m the
vews below the level of the anesthesia and shus reduce effecuve
arculanog blood volume Qxygen s gives (100 per cent 12-15 L.
per minute) Glacose (30 cc of 50 per cent sofution} may be ad
inisteted intravenously every o or theee hours Its value 1s ques
woned Mernnat direncs reduce the blood and wtersttial fuid
valomes and thus decrease the load on the heart. Death, which
nfatction 1s predisposed. Injection. f 1 s the pauent widh
sulfate wath ) of 1 ec of 50 per cent magnesum

y or just before the mercunal 15 damed o Jessen dus
nisk (Pinesef al ) But, 1 view of the tushs of INTAVENS njection
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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 papavenne 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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contmued 10 3 gt doses (02 Gm ) three umes & day after meals
(¢ 15 0t to be gwven ntravenously or 1 the presence of severe aunc‘
loventrculac block. A synergism of quinidine with strychnne su‘
fae (1/40 gt 16 mg) may be useful parncularly to contsol
auticular Gballavon when given orally thtee tumes a day When
quicudine and paparenae do ot suffice magnesium suifate (10-15
<c of 20 per cent solunon} may be npected inmavenously the beart
rate serving as 4 gude to the solume and speed of the mjecton
Possum chlonde (15 of 30 gr 1 0r 2 Gm) every mvo or four
twurs arally may be gheo alone of with quitudine of papavenne
Abnormal aurculat thythms unless they lead to tachyeardia or
congestive fatluse are not usually cause for concern Paroxysms of
futrer of fibrrdtavan which do not subside of themselves may be
checked by qumdie (given 1n the manner descobed above) or
digstales
¢} Congestne heart failure 15 most common fust as occlusion
1s most omunous 1 older pauents and 1 those who suffer from
hypettension An emetgency may be tided over by venesecuan ot
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 inducrion of hugh cavdal anesthiesia may alsa teap blood s the
vews below the fevel of the aresthesa and thus reduce effectine
asculating blood volume Oxygen 15 gren (100 per cent 12-15 L.
per munwte) Glucose {50 e of 50 per cent soluuon) may be ad
o tered intravenously every two or three hours Is value 15 ques
uoned Mercurial direncs reduce the blood apnd meersutial Sud
volurmes and thus decrease the load on dhe hearr. Death which
resules (a2 few rate cases from there mwavenous JECIOD 3$ 3p-
parenty due to venersoular fibnillagon o which the patent wth
e e 0% v
fisk (Pines et al ) But 1n view oftthc:(:\:ks‘s framed 1o tesien s
of intravenaus 1njecnon
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the slightly more uncomfortable tramuscular route 1s preferred
If digitalis has been given, any tendency to intoxtcation from 1t
should be excluded <nd 1ts use suspended for a day before using
the diuretic

Digitalss 15 not to be used routinely i nfarction, those whose
hearts are not diated 1t may mahe worse It is given for congestive
fatlute and for ventrscular tachycardin due to aurrcular fibrillanon
which 15 leading to congesuve faslure The dose of powdered leaf
1s about 10 or 20 per cent less than would be given the patient had
he no recent infarct The tradiion that digitalis predisposes to sen
tricular rupture dies hard, 1t probably arose from the fact that the
patients who most often require i1t are the most subject to this
catastrophe Intravenous use of a cardiac glucoside demands special
considerattons detatled by various authors Belief that digrtalis 10
creases blood coagulability and predisposes to embolization 15 not
satisfactonly proved

4) Emboli may be cardiogenic and ventricular, atising usually
1n the Jeft ventricle by the fracture of 1 mural thrombus and caus
1ng actersal obstruction 1n the brain kidneys spleen or limbs alter
natively, the thrombus may be auricular Such embolizatron 15 partly
unavordable The commoner soutce of emboli 1s 2 perspheral throm
bus formed 1n a vein of the lower half of the body which obstructs
2 branch of the pulmonary artery This embolizatton 15 largely pre
ventable The prncipal mens of prevention 1s the controlled use
of anticoagulants especrally dicumarol® (p 190) Subsidiaty means
of prevention are measures which tend to prevent stignation of
blood 1n leg vemns Immobilizatton with the back raised and the
Lnees bent slows the blood flow 1n leg veins other posttrons mdy
be difficult to maintun and the alternative of exercise of the limbs
may jeopardize the heart The problem has been vigorously posed
by William Doch whose disunguished father in 1896 was one of
the first clinicans to make the diagnosts of myocardial farction
dunng life It resolves stself mnto selection of the lesser of two evils
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The sofution may he in frequently tepeated passive exercise of the
fegs during the first week Leeping the feet and legs warm in the
mtervals and at about the second week the beginning of assisted
acune leg exercise and elevauon., Massage may be helpful

Palmonary emboltzation 15 probably made worse by the reflexes
which the focal artenal obstruction releases Atropine subcutane
ously of intravenously and 100 per cent oxygen are ginen imme
dutely on recognimon followed by papavenne miravenously
Pulmonary embolectomy 15 farely an available procedute On the
other hand penpheral cardiogentc embol paruculacly of a
large and accessible atrery (iliac saddle thrombus of sotuc bifurca
uon) 15 a0 indicavon for embolectomy The decision to opetate
depends on the shatl of the sutgeon and the possibility of controlled
Postop ¢ use of gul Embol
usually demands only parasertebral sympatheuc
repeated use of papaverine

The drugs t0 be avorded durmg the first three eeks as unnee
essaty of harmful are those contrandicated 1 zngima pectors

{(p 171} wuth the probable addiuon of the nunite vasodilators and
acne aathacucs The transient hypetglycemra and glycosurna caused
by the traumatic onser of infar

cton should not be confused wich
diaberes mellius Tnfarcrion may be associated with atetonuria {dis
test for acetone} and dyspnea and
clouded consciousness due 0 acculatory farfure I 55 differentiated
from disbetic comg 1y part by feeling the axllae these 1n duabetic
coma are dry

of leg artenes
block and the

Late treatmeny —Early rreament shades 1o the later course ar
about three wetks The diet should now pe established at a leve] of
s:f;cn(enc {1500~2 000 calonies) nutnigon with adequate palar
4bie protein tation {1 Gy Perkg ) Viamun sypp)

those of the B complex e drog e

may be preserieq The drug trexument 15
by dus ume wholly oral Vasadilators unless especially saducated,
may be discontinued, The dutation of complete bed rest from foue
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through the classic six to eight weeks or more, depends somenhat
on the apparent damage done by the infarct

Passne exercise and later acuve exercise of the 1rms and hands
follows that of the legs this may prevent residues of suffness m the
shoulder jomt and palmar contrictures which m1y complictee the
course ¢ this time The response to such mmor actvity waill aid in
determining the ume when the patient will be allowed out of bed
and will give a clue to the future course A minrnal consalescence
of one or better two months 1s maintuned after the patient is first
allowed up The prolongation of this to three or stx months, some
of which 15 spent sn a switable sp1 under adequate medical superst
sion may be advised Thereafter noncompentve pursuuts and fre
quent vacations should be encouriged A return to stablized norml
actvity without peaks and valleys 1s desirable It 1s not tdvisable
for the patent erther to travel of to Irve 4t high alutudes

A general psychotherapeutic orsentation developed along the
lines discussed 1n Chapter 7 should be begun That an encouraging
but realistic prognosis should be given 1s obvious The patient will
probably know that death may come suddenly It 1s the duty of the
physicran and family to ad the patent toward 2 pont of view
which he does not feel with the poet Temor mortis conturbat me
(The fear of death disquieteth me) Should the nction and re
straints seem too great or the proposed pattern of life intolerable
munor overt psychotherapy may resolve the conflict which prevents
the patent from dong what intellecrually he 13 convinced he
should

Persustent angint and congesuve failure are treated long the
lines recommended 1n the approprate chapters They e mdict
tions for a greatly restricted diet such as that prescribed by Master
Suricher Grishman and Dach One amm of the diet 15 to decrense
physicil demands and 1nterests Another possible effect 1s the re
gression of atheroma By this means a comfortable hfe may be
secured withour nsk Dietary restniction unless severe will hue
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e effect on pauents whose accual weght approximates xhe(ui:al
aormal The presence of hypectension faises the problem of low
sodtum diets Unul exact hnowledge auds 1 selection of panents
a1l of whom will respond to sodum testriction probably most p3
wents would do well to complete thext cotonary comalescence by
an adequate test of 2 low sodiwm diet {p 357y

SPONTANEOUS RUPTURE OF THE AORTA

To a degree relatnely greater than thewr mcreased Liability to
coronary occlusion hypertensives more often than notmotensives
are subject to aortic ruptute Since this unusual condinon may sim
ulate corpnary occlusion 1t 13 considered at this pomnt.

Aoruc ruprure usually with extravasauon of the blood disectly
through the sotue wall occurs 0 a few cases i the obsence of
atherosclerops o5 hypertension of 2ny eamly defined local lesion
The presumptine basis of such rupture 15 2 congenual wtimal de
fect the is confirmed by a predusp

aorue hypoplasia or coarctation.

to ruprure

Aatue cupture complicatiag, hypertension 1§ wsually assocsated
with atherosclerosis and 10 most cases with a specfic medial degen
eranon calied medil cysuc necrosis The lesion consists of Yoss of
muscle wnd elaste fibers and the formavon of minute gysts which
conwam a mucod substance Ruprute ta such cases 1 ncomplete ar
the outset commonly 1t penctrates the adsentiia 1 2 fen digs
A smad p of these heat The pl
extevasation forms what is hnowa as dissecting aneunysm The
tesion 15 50 named because the extrmvasation splus the ¢ystc media
a0d penesrares the advenuua ay 2 pomt ohen distaat from the en
senng mumal teat Loss 5ot properly an aneorysmosiace ses walls are
not endothelnl and clottng 1 rapid the lach of crrumferential
elasnic tissue predisposes to p of the ad
Ami.:f‘::r;:::;;s’sn,ss t;xi:;crlr, b;: wah ancreasiag recognition

sn about 20 per cent of cases
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The patient 15 usually 2 male who has hypertenston The onset
with tearing or crushing chest pamn simulates myocardtal infarction
The pain of parual rupture 1s commonly severe and not readdy re
lieved by morphine It differs from the pain of mfarction in that it
does not commonly radiate to the arms 1t radrates to the interscapu
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 local signs vary as extravasation progresses tovard
or away from the heart and from 1ts more usual pomt of origin m
the ascending aorta A cardiad direction leads to encroachment on
the aoruc ring so that sudden onset of aoruc insuffictency with pam
in the back or legs clearly indicates dissection A coronary artery
may be occluded Such an extravasation s usually completed by
rupture to the perrcardium, with cardiac tamponade or into the
medasttoum or pleura

Distally directed extravasation causes signs which vary with the
artertes whose aortic mouths are compressed by the hematoma
Carotd or innominate occluston causes cerebral symptoms, (nnom
nate or subclavian occlusion marked asymmetry of artertal pressure
The mote common signs arise from obstruction of a renal artery
with renal infarction and of arteties to the lumbar cord, with pan
and partral or complete paraplegia

In contrast to myocardial infarction, the height of the blood
pressute 15 maintaned or somerimes 1ncreased and the hert while
enlarged shows no weakness of sounds or charactetistic electrocar
diographic change The diagnosis may be confirmed by radiographic
demonstration of suggestive distortions of the aorta or one of 1ts
branches

The prognosts at present highly unfavorable may lengthen into
years as has that of myocardal nfarction Minor so called stlent
dissections are thought to occur and even a clearcut syndrome may
be followed by recovery
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Treatment —Treatment is syMpamanc 1t consists of bed rest
sedagton with doses of morphine sufficient 1o conol pan and the
exclusion of surgical operavon for acute abdomen  rema) colic or
astenal embolism
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The patent 1s usually a male who has hypertension The onse
with tearing or crushing chest pan, stmulates myocardn! mfatctior
The pam of partial rupture 1s commonly severe and not readily re
Lieved by morphine It differs from the pamn of infarcuon m that
does not commonly radate to the arms, 1t radiates to the nterscipu
Inr regron and may travel down the back from the neck to the leg;

The symptoms and signs are (1) those of extravasation (feve
and leuhocytosts) and (2) locally those crused by mterference wud
carculwuon The local signs vary as extrivasation progresses tonar
or awnay from the heart and from 1ts more usual poimnt of orgin 1
the ascending 1orta A cardiad direction leads to encrorchment o
the aoruc ring 5o that sudden onset of acruc insuffictency wath par
1n the back or legs cleatly indicates dissection A corontry artery
may be occluded Such an extravasation 15 usually completed by
rupture imnto the pericrrdium with cardine tamponade or 1nto the
mediasttnum or pleura

Distally directed extravasauon causes signs which vary with the
artertes whose aortic mouths are compressed by the hematoma
Carotd or nnominate occlusion causes cerebral symptoms mnnom
nate of subclavian occlusion marhed asymmetry of arteral pressure
The more common signs anse from obstruction of a renal attery
with renal mfarcuon and of arterses to the lumbar cord wuch pan
and partial or complete praplegia

In contrast to myocardial infarction the height of the blood
pressure 1s muntatned or sometmes increased and the hert while
enlarged shows no weakness of sounds or charactersstic electrocar
diographic change The diagnosis may be confirmed by radiographic
demonstration of suggesuve distoruons of the 1ort1 or one of its
branches

The prognosts at present hughly unfavorible may lengthen mto
years as has that of myocardial mfarction Minor so called stlent
dissections ate 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 It 1s by applying these that the physican dots much ©
alieviate the pavents dustress and hold the condion o check due
1ng months and even yeass

Congestne, heart failure often derelops slowly dunng months
and years of myocardual strain and cardiac hypertrophy On the
other hand as we have seen 1t may be suddenly precipitated by
myocardual smfarction 1n which case st adds to a sloomy prognosis
O 1t may slonly appear 1n a patient who 1 already the vicum of
anpma pectons ot cotonaty msaficsency S 1t 15 brasquely
st off by the cnset of auricular fibuflauon when it can be as dra
magcally relieved by quindine (p 194) In o fes patients as a
matter mote of acadermic than chmcal nterest, the debate anses as
1 whether congestve failure 15 to be attnbuted to hypertension of
to rheumatic heare disease when both conditians are present

MECHANISM

The obserations of Stead McMichacl and others who base
their concfusions on determinanons of cardiac output by the cathe
tenzanon method of Cournand have greatly clanfied some of the
mechanisms of this condion  Eather observauons (Schroeder
Schemm  Mernll) established the postion of the sodmrm jon m
pathogenesis and treasment

The ulumate causes of congestve heare faidute of slow onset are
cardrac hypertrophy and overnork Bermeen them there resuls an
encroachment on the cardiac reserve untd s¢ becomes madequate to
the paventy needs Hypertrophy does chis by increasing the size of
muscle fibers beyond the level of effivent nutntion And the strain
and overnoth of mamwning a high arteral tension futther narrow
the gap berneen what the heart can do and what 1t must do w
muntam a normal cculaion As the point of farlure 35 reached
oven the themical consutuvon of the myocardum begins to change
Theee s for examaple a deesease 10 the creapne 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 fevel of carduac output may ot be low It
may even be 1 ty hugh, as m thy 0s1s Df 1N ATteno-
enous fistuta. But, for any given feved of mewbolic need, 11 toner
tha it wss when the pavent was well and lower than st w il be
when his heact 1s fully compensated agmn Acrually i congesne
heart falte assocrated with hypertensive heart disease the lev el of
cardiac output 15 usually somewhat below the notma) average

More paruculacly when farture 13 of sudden onset so that there
15 no ame for the accomulanon of penpheral edema and when as
i hypetcenswe disease 1t 15 the fefe ventcle which 15 under the
greater sueaian there may be a temporary disparity of output betneen
the ventricles so that Alling pressure maust rise on the left before 1t
agam puts out as much as the night side has discharged mto the
Tungs Thus increase of left auticular pressure results a0 venous con
gesuon 1n the fungs Pulmonaty congestion and edema ses off reflex
wnpulses which result 10 dysprea and discomfort Since nemvous
sumuls are among the principal determinants of the levels of both
cardiac outpur and arceral tension 1 15 not surptistng that a victous
cycle of pulmonaty congestron—dyspnes increased lefr ventmcular
strain and relatnely decreased cardioc outpue—is set 1n rn This
same mechanusm probably obtans 1n congesmie fatlure of slow
anset although m such cases 1t has other concomtants

“Whenever as Leiter says  the curculauon 15 exposed to stress
whether from sudden large hemorthages loss of circplatng plasma
mto 2 traumanzed area or other types of shock or dehydration all
sssocsated wath an snodequate 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 I the kidneys as we and others have shown the
onset of shock. to say nothing of shoch sself leads to o profound
decreast of tenal blood fow and glomerular filteation Some de
crense of renal blood flaw and glomerwlar &liranon beyond notmal
levels or the levels the patient can reach aa adequate treaument 15
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unavailable to form creatnephosphate for contraction enetgy Fi
mlly fulure sself provokes sull more hypererophy so thae hewet
farlure runs 10 a vicious cycle

The overlapping of the need for work and the capacity to per
form occurs first durng effort, especially durng effort assocrated
with emotional strain This 1s because nervous even more than
hemodynamic factors determine the level of cardiac output and
because output 15 especilly increased by anxiet; The pattent says
that at such umes he loses his breath Later the overlap appears
during ordinary effort or during minor emotional strans, and last
1t 1s present 4t rest and even during sleep In all these siuations
falure 15 predisposed to by even mnor infections, presumably be
cause the catabolic impulse of mfectron or traumn aids 1n depleting
the chemical structure of the myocardum

Allbutt chivalrously suggested that this process be called car
diac defear and not crdtac fulure  He thought that the heatt s
hypertenston 15 honorbly avercome by supersor force and he was
unwilling to grane the impheation that 1t had shamefully sutren
dered 1ts tash One ment mn this phrasing 1s the sense 1t gives the
physician of his participating as an ally rather than as a mediator
of terms He should recognize that had he been able to find means
of mamtuning artenal pressure 1t more nearly normal levels
throughout the preceding years the possibility of carde defert
would have been staved off or even avouded Alternatrvely, had he
been able to increase the number 1nd size of the myocardial capil
laries and perhaps to change the l1ws of physical diffusion failure
mught have been postponed But laching these beggars horses he
must deal with the situation as he finds 1t and as an ally

In so dotnig a concept of the mechantsm at faul 1s very helpful
The fundamental fact 1s phrised by Letter s thee In congestine
fatlure the output of the heart 1s 1ndequate for the body s require
ments even at rest and certunly during exercise or any other con
dition that 1ncreases metibolism and the load on the heart By this
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The snactease 10 venous pressure and the preceding wicrease 10
blood volume have suil other effecrs One 15 an merease fiest an re
sarn flow 2nd then 1n both flow and pressure of rerurn of blood to
the right ventrcle Unable pethaps to transmut thus excessne volume
1nto an engorged polmonary ctowe the nght sentncle 1n tun be
s to fail and edema tends 1o wncrease sull more

Thus 1 considenng the mechamsm of congesuve cardrac fall
ure we deal with an mterdocking gear tram arranged m senes m
which the ptime movers seem to be the heact, more parocularly the
left venwcle on one hand and on the other the absbiy of the
Ludneys to mamtan 3 normal sodwm balance

To summarze the mechamsms underiying the phenomena of
congestrve carduac fatfure are (1) absolute or selanve decresse 1
cardsac output and (2) vasoconstniction 1 kidneys shin and
splanchme crrculation As a result of vasoconstricnon these 35 e
cressed excrenon of salt the content of which in the body © no
longer stucdy regulatable according so need. From chss accumuls
ton of salt, hyperolemta aad penpheral edema result wath m
creased venous pressute both pulmonary and perpheral Mean
while the fact dhat the left ventncle i5 the one precommnant(y under
stress tends 1o ncrease pressure m the pulmonary Oront se that
dyspnea 1s 2 presenting symptom And nce renal blood flow and
Rltration disproportianately decrease dutig che day another chin
tcal resule 15 nocrara in the absence of fenal excrerory fadure Thus
sequence of Evtn!; presupposes mitial left sentnicular faddire whach
w conteasy wath former
uaa before the f\m::n C“’;P:;:“r";: h‘;fD“U“Cd by sodnum teten

72 e 15 altered.

EvIDENCES OF CoNGESTIVE FAILURE

Fhe wamnence or presence of fadre v usuatly browght to the
patients nouce by the onset of nocturia angd dyspaea or edema The
persistence or change of this evidence 1s alsp the major panaple of

uceess or failure of tteatment,
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usually but not invarably, present 1n congestve heart fallure A
reduction 1n the rate of glomerular filtration decreases the mass of
sodium chlonde presented to the tubules for reabsorpuion or excre
ton Normally, the tubules return to the blood some 98 or 99 per
cent of the sodum presented to them 1 the glomerular filteace I
the volume of filtration 1s reduced and the rate and limits of reab
sotption remain about the same, there will be an increase m the
proporuon of sodium reabsorbed so that, say 985 or 995 per cent
s 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 radioacuve sodium have most accurately estiblished
the decreased sodium excretion 1n congesuve fatlure When we
recall that the mass of sodium chloride filtered each day 15 about
245 Ib a diffetence of one half of 1 per cent becomes important
The difference equals 6-8 Gm or about 1 L when diluted in extra
cellular flurd Consequently the deficit 1n sodm excretion imposed
by decreased glomerular filtraton 1n the example equals 1 gamn 10
werght as edema of 2 Ib or 1 hg per day The water retaned 1s
distributed 1n the ntersttial fluid and plasma Ultimately the tend
ency to hydremra of the plasma 1s countered by a gam 1 red cell
mass so that total blood plasma and red cell volumes are ncreased
more or less 1n parallel with the icreased mterstval fluid

The result of this plethora ss a rise 1 venous pressure and the
accumulation of edema 1n the liver ntestinal tract and dependent
areas of the body Sice exercise reduces renal blood flow and
glomerular filtration even 1n normal people exercise m people with
impending congestve falure further accelerates the retention of
sodium and water The exercise 1s carried on by day wherers during
rest renal blood and filtration mse with the resule that salt and
water are lost at ught Consequently one of the first evidences of
congesuve cardure fatlure 15 nocturta Especually 1n pattents with
hypertenston 1t 15 important 1o distinguish cardiogenic nocturia
from the hyposthenuric nocturia of advanced renal disease
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poent may be awakened sighdy dunng the hyperpniesc ph;lsc ;:d
doze agan 48 TeSpLIATOrY exCuLsions are lessened and slow 18
form 15 not usvally associated wath acute pulmonary congestion
but 1s more charactersuc of advanced congesue falute wath
chronic congestion, It 15 more comsmon and Jess ommnous 3n older
people than 1 those undes 30

Contiauous dyspaes. ocgurs in advanced congesuve fafuee It
causes great dwability and discomfore. When neither the relief of
edema nor the ad of digtalis abolish
st5 15 grave

Edema—The edema of congesuve fadure 15 almost enurely due
10 retention of sodrurn. The feteaton s not as has been thaughs, an
avidicy Qf tissues ot a speaific renal defect of even a result of venous
congestion wich increased bach pressure and excess formanon of
meersunal fluid Whale at times cardiac edema 15 contrbuted o by
assocated hypoprotemenmia 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 mote 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 1acrease beyond the normal @ the fracnon of the
filtered sodium reabsorbed mght be attribueable o mcreased adce
nocortecal (muneralocorncord) acuvity But as yet 2n adrenal par
uapation has not beep demonstrated beyond question while a
remal defios 35 present i nearly every case
. The edema may be pulmonasy only rantest as dyspnea and as
‘:Z :1: g'd:’::ol” exr‘iﬂdms to the point whete thege 1, dulness
edema are )flcr the ::ysr p':: ;’::‘:“5[;:385 ”:‘d hods of pulmonty
i fatage aod o o the combinaton of lefe veneric

increase sn roral blood volume Normally

1t, the progno-
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Dyspnea—The dyspnea of congestive heart failure 1s probably
thitated by pulmonary congestion on a high filling pressure of the
lefe ventricle It 1s not, ar Jeast in ats eatly 1nd even in some of us
most distressing phases due wholly to replacement of pulmonary
alveolar surface by edema Rather, edema of the alveolar spaces sets
m tran reflexes which elicie dyspnea

Dyspnea may be classified as (1) exertional, 1n which the sever
1ty and conditions of exertion should be noted, (2) resung or (3)
continuous

Dyspnea at rest 1s usually nocturnal and may appear before the
pattent has gone to sleep m 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 1n blood volume
which occurs on Iying down To this factor are added the decreased
diphragmatic excursion which follows recumbency and n some
patients, an increase 1n auricular pressure Orthopnea 1s dyspnea
provohed by recumbency and relieved by the patients assuming a
semierect positon, trepopnea (Gr trepo, I turn) 1s dyspnea pro
voked more by lying on one side, commonly the left, thin on the
other Evenimg dyspnea 1s dyspnea elicited after the day s fatigues by
conditions which would not cause dyspnex 1n the morming Dyspnea
which appears after the patient has gone to sleep and wakes him ot
disturbs his slumber 15 usually paroxysmal and takes the form of
cardiac asthma The ateack 1s precipitated by anything which may
transtently throw strain on the slowed circulation of sleep such as
a full meal a warm room a nigh e or a fic of coughiag It may
last for some munutes and 1n 1es muild forms 1s relieved by situng up
and coughing once or twice to aid in the discharge of transient
pulmonary congestion In 1ts severe forms 1t progresses 0 pulmo-
nary edema with manitfest acute failure of the left ventricle mild
severe or even fatal The other form of sleep disturbing dyspnea 1s
periodic breathing of the Cheyne Stokes type In deep slecp the
respiration alternately 1s depressed and sumulated 1n cycles the
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Lem Insuch cases the Gatch bed or the so-catled cardiac chanr bed 15

supenot 1o the ordaty vasiety because the pauent can sit up even

while asteep Sde sailings should not be forgoren Often pavents

prefer 1o sit on the side of the bed for shore peniods Usaally they

are the best judges of what postute gives the greatest comfart and
pondingly optmal cond for the arculanon

Except duting the acure phases of falure smner rest need not be
enjoumed, Manv physicians behieve that strct bed rest has been over
done We shink our patsents have done better since they have been
allowed more Yautude and espenially sipce we have tmed 10 heep the
muscles s better 1one by means of bed exercise and gentle physical
therapy The fact that exercise aids 1n the reworn of lymph 10 the
crrculation sndseates that this vies has 2 physiologic basuis

No two physicians are lhely 1o agree on the ume 2 pavent
should be alloned to desert the bed Actually there 15 seldom a
sharp divsding line The scales and the pauents response are prob-
ably the two sunplest crutesta,

Once the pauent 1s up expensence wall usually teach fum what
he can and cannot do 1t 15 perhaps well for him to expenment 2
litle with the effect of standing and on occasion even of slt on the
occurrence of edema Such expenments may have impresssye peda
gogi value Hydrotherapy and massage may be helpfel buc Turkssh
baths and strenuous massage should be clearly taterdicred,

Duzr —Diet 13 umportane 10 hearr farlure because 1t influences
the work of the heart and the smount of sodium provided the kid
nieys {or retenuion

The volume and type of food tngesced way have smmedate
disturbing cffects A hearty meal has long beest recopaned as a
o S e s Mo

cardiac distress afrer

meals especially when eaung 15 assocated wich aerophaga or the
P oo ok v B s 4 ot s
and the hearts requirerent 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 fraction and so 1ugments the congesuon due to left
ventricular deficie

Or the edema may be Inrgely peripheral erther latent or mant
fest Since edema 1n the last analysis 15 an abnormal sncrease i the
rato of extracellulir fluid to cellulir mass there 15 necessanly a
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 heare depends on the mtelligent 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 culmination and co ordination of many years 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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lem In such cases the Gatch bed or the socalled cardiac chaie bed 18
supenor to the ordinary sanety because the patient can Sit up even
wiile asleep Side railings should not be forgonen Ofsen pavents
peefer 10 31t on the side of the bed for short pertads Usually they
ate the best judges of what postuse gives the greatest comfort and
pondiagly opumal cond; for the arculanon

Except duning the acute phases of farlure strice rest nced not be
enjorned Many physicians befieve that suict bed sest has been over
dene We dunk out pauents hase dove better sace they have been
allowed more lautade and espeaally since we have wred 10 heep the
muscles 1 better tone by mesns of bed exerasse and gentle physical
thetapy The fact that exerase aids i the rewrn of tymph 1o the
arcatanon wndicates that this view has a phisiologic basss

No two physicians ate lihely to agree on the ume 3 patient
shoutd be allowed to desert the bed Actually there 15 seldom 2
shatp dinading hine The scales and the patients response are prob-
ably che o sunplest crieria

Qnce the patient is up expersence will usually teach him whae
fe can and canrot do fr 15 perhaps well for tum to expesiment a
tietle with the effecr of standing and on occasion even of sale on the
ocaurrence of edema Such expenments may have smpfessive peda
gogic value Hydracherapy and massage may be helpful but Torkish
baths and strenvous massage shauld be clearly snresdicred

Daer —Phet 15 umportant 1n heart faure because 1t inflvences

the nark af die heast and the amount of sodam provided the hid
neys tor cetention

The volume and npe of food mgested may have immediate
distarbing efiecrs A hearty mea) has tong been recogmized as a
preciprianng cause of sudden death an carduce patients Many pa
vents become more dyspnerc or have mote cardic distress akter
meals especually when eaning 1 assocated wath aerophagia or the
foods are gasformme This 1s pantly because cardrac output artersaf
pressute: cardac work and e heants requirement for oxygen are
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increased during digestion, particularly of protesn food Some of the
distress arises because a full stomach elevates the diaphragm and
displaces the heart transversely mnto 1 posttion where 1t 1s believed
to work less efficiently at the same ume reducing vital capaciy
and compressing alveols

During the mutal phase of treatment when the pauent 1s usu
ally too sick to take more than very simple food the Karrell det
1s sausfactory and practical It consists of 800 cc of milk given m
200 cc portions at convenent intervals during the 24 hours
Milk 15 Iow 1n salt calories and protein, 1s simple to take and fulfils
the need of the very sich patient But the ration 1s 1nadequate and
annoying over any long period, so that 1t 1s seldom continued for
more than 2 week It also has the disadvantage of very low flud
content while salt excretion 1s aided and discomfort decreased by
moderate water drrests Thus, 800 cc of milk with 2 L or more
of water during the 24 hours 15 2 more satisfactory ration If the
patient becomes hungry boded rice milk and sugar ate given Re
constituted salt poor mulk such as lonalac® may also be advantageous

When the time comes to supply solid food the need remamns
for a diet with small bulk, lutle sodium few calories and no more
than a moderate protein content Master and his co worhers called
attention to the reducuon of oxygen consumption and cirdiac work
caused 1n two to four weeks by an 800 calone diet consisting of
80 Gm carbohydrate 50 Gm protein and 30 Gm fat Stnce the
ptotein raton 1s adequate edema will not be aggravated by nutrt
tional hypoproteinemia Many of their patients remamned ambula
toty for three to 12 months on dtets of 800-1 200 calorres Ketosts
does not develop Loss of wesght which 1s especially desirable 1n the
obese, 15 at first rapid then tends toward a plateau The low caloric
value (800) of the mial diet may lead to weahness and fatgabil
1ty which 1n the experience of both Master and Iishberg are usu
ally transitory and may be alleviated by reserving portions for
betw een meal collations Should these symptoms persist 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 worh1s seduced 10 3 level 1n keeping with
the hieart s capsouy for wot while muntumog somewhat Jess than
wdeal body wetght and a feeling of relanve well being

TABLE 9 —CARDIAC DiET (FISHBIRG)
Breakjast
Frun
Ceea
1egg

& oz. of weak tea or coffee
Msdmorasng
60z of milk with cracker
Dinner
Boed or braided, tender meat chicken or fish
Vegetbles
1 shice thinly buttered bread of toast
Gelaun dessert or stewed fru ¢
6 oz, of weak coffer of 1ea
&tidajternoon
6 oz of pulk warh cracker
Supper
Fish, chucken egg or cottage cheese
Salid wuth muneest ad dressing @ vegetables
1 shce thinfy buttered bread or roast
Light pudding or custard
6 oz of weak coffee of tea
Before vetirmg
6 oz of hot milk or malred milk

The resalts of this dier sn hypertensive artenoscieronc hearr dis
ease are often dramatc espeaally when the patient 1s obese Car
duae discomdort and dysprea are reduced and even the tendency to
flud retention 13 dimntshed 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 m the cardiac patient are altogether desirable A schedule of
breakfast, midmorning noon, mudafrernoon and early evenng col
lations fulfils this purpose Neither food nor fluid 15 tahen during
the late evening Cold ind carbonated liquids re at all umes
avoided It 1s impottant that the dret be well balanced Tishberg
recommends a practicil diet (T1ible 9), emphasizing that the choice
of food depends on mdividual lihes disthes and idiosynertsies

Salt and 1ater —The thied major aspect 1s control of sodum
mtahe 2t minimal practical levels This 1s necessary because  high
or normal sodium nt1he mauntans or mncreases edema while a los
one causes loss of water The muntenince of 2 low sodum mtike 1s
necessiry not only 1 patsents with evident edema but 1n those with
the Intent varety

Obviously the control of salt content of the diet depends on
the ficilities available for 1ts preparation Some chucians feel that
salt should be rigidly restricted so that urary excretion of sodwm
(1n terms of sodum chloride) 1s less than 1 Gm duly Such control
requircs careful selection 1nd superviston of the foods Unul the
s ent of salt free mulk powder (lonlac™) such restriction has been
possible only 1 a hospteal (see p 358) Dicts contuning 1§ Tietle
as 200 mg of sodum per dty but 1dequte 1 proten and calories
can now be prepared 1n the home Others believe that an ntake of
sodim which causes excretion of 2-3 Gm of sodwm chloride 15
low enough This level 15 readily attanble i the home It is well
to potnt out that whether hospstal or 10 the home many pauents
never recenve 1 sodum poor diet This 1s usially due to 1k of un
derstanding by the patient or his attendnts Some 1re under the
1mpression that bacon 1s sale poor and others hasten to relieve
gastric distress sith sodm bicatbonate Tor such reasons quantt
tive determinanion of the urinary sodmm or chlonde excretion
1n 2 24 hour specimen should be done occasionally after the salt
poor regime has been estiblished for three or four days and re
peated 1t weehly or monthly intervals
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Custom has sancuoned the restriction of fimds n teeatment of
cardiac edema But fuid sestncuan Joes not iutiate diuresss sndeed
1t depresses Urnary output Fucthermore about 1 cc of unne must
be excreted per minute for maximal excretion of salt Urine volumes
below this figure tend 1o lessen s excreuon

Stnce warer 15 rarely remned an the body unless thete 15 suff
ctene salt to make physiologic saline solution salt 15 necessary for
the formation of ederna, Once sodsum 1otahe has been cut to 05 Gm
datly or less there scems no reason for restncung water Usually
1521 dadly 1s adequate Schemm hos shosn that the rebief of
edema 15 somenmes hastened by gromg Yaxger quanuues but Wood
showed that excrenon of salt 13 often reduced when water jnnalke
exceeds 3L hence there seems no reason for exceeding this amount
Advanced renal msufficiency due to renal parenchymal injury 15 an
mdicanon for st control of fud and elecurolyte snmhe at optmal
levels nerther toa small nor toa farge Such panents lihe those woo
persistently plied with mercunals pass mnro oligerma avotemez and
oliguna because of an excessne drain on the electolytes

Digutali.ation —Congesuve fature sesulung from hy perteasion
18 always © be eated with digimalis  Always 55 seldom tewe i
medicune but we know of no excepuon to this dicrum 1 the man
agement of the hypertensive Thus patsents with congestive Fadure
with or without aunicular fibeillanion wath slow or fast rate wich or
without heare block should tecene 1t Normal thythm and sare
evea of slow are not contraindications The height of the ccerial
pressure plays po part in the dect o0 nhether or not ta grie digy
whs The chief and almost sole ertterson vs the preseme of conges
tece heart faluce

mm’ll;h:s:‘i:;me ?rfh digitalss preparation has heen the subject of ex
ies There can be litle doubs of the desicabiitty of an
mexpensive otally acung pure glucoside which would have a1l of
the favorable attnbures of the mxed gincosid e
dhgualis leaf None of the man: 2 edes Jrom the whote
y preparatons that have appeared on
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the market has displaced the highly reliable dried povdered leaf of
digitalss

Rately in the course of hypertension 1s digitalization so urgent
that the drug cannot be given by mouth If the siruation 15 very
urgent ouabain 1s gtven (03-05 mg ) mntravenously 1 10 cc of
saline over 5 or 10 munutes Its full effect 1s apparent 1n about o
hours It 13 inacttve orally Results with cedilanid® (lanatoside C), a
pure glucoside from Digttalis lanaca used both orally and 1wz
venously, seem good It can cause intoxication stmular to that from
excess Digutalis purpuren but this 15 sud to pass off more quichly
It 1s sometimes tolerated when other digiralts bodies ate not

Before any cardiac glucoside 15 grven 1t 15 essential 1o ascertain
whether the patient has already recetved one of them Ths 1s espe
cually important 1f a glucostde 1s to be adminsstered ntravenously
If an unknown amount has recently been given, attempts to digial
1ze by the intravenous method 1re dangerous

DosacE Eggleston s observation that 01 Gm of drted digialss
leaf per 10 1b of body weight produced satisfrctory digrealization
n most pitents 1s the basis for most rules of dosage of digitalis leaf
Clinical expersence has shown that this formulr 1s approximately
correct Its strice application depends on hnowledge of the normal
wesght before edema occurred 1 datum someumes not easily avail
able and therefore estimated from the patients burld Most adults
gven 15 Gm of dried powdered digitalis leaf by mouth during 2
24 hour period become fully digitalized The 1nttnl dose 15 05 Gm
(7% gr ) and the remunder 15 1dmunistered 1n divided doses with
in 24 hours

Digutoxin long favoribly known in Lurope has been enthust
astically recewved 1n America Gold whose experience 1s large, says
ot the routine treatment of cirdiac farlute the oral 1s the route
of chotce digitoxin (Digiealine Natsvelle) s the glycostde of choice
and digrealizacon 10 a siagle dose the method of choice

Gold and his group estmated the average imtial digializing
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dose as 12 mg orally or ously and dasly dose
15 02 (somenmes 01) mg DeGuff Baterman and Rose found
the average therapeunc dose to be targer (09-48 mg mean 22
fog given in donded doses at six hout ntervals 16~49 mg mean
27 mg m a smgle dose scheme) Signs of towcny appcaml 3t
rean dosages of 28-46 mg They have emphasized the value of
muluple dose digral and concluded that digstovin has no ad
vantage over digialss deaf for rouune sreatment of these pavents

Satsfactory digrcalization 15 shosn when rate dhathm and 18
Ebrltaton pube deficic are vestored tosard normal when symp-
oms abate and drests begins Reducuon 1n rate otdinanly 18
assoctated with 1mprovement but 15 by no means an essennal ac

P 1f elec diogt ase bemng made frequently
progressnve flattemng, and finally inversion of the T waves ta the
standard leads may be noted Commonly bur not mapably the
T wave changes appest at dosage Jevels well below those of max
imal therapeutic effectseness The mantenance dose of dimtalis
feaf vanies fram pavtent to patient but usuafly 1501-02Gm (1Y ~
3 gt) aday Afes panents requre U3 Gm (415 gr) but these
should be watched carefully for signs of taxiaity

Ia our expercace the cardwal s in the use of digalis 1s gy
mg too bide When there hus been an adequate tmdication for s
wse sufficieng glacoside ot feaf should be gaven 1o cavse fult Sipat
rauon during the first 24-56 hours followed then by a g~ 2t
ration 10 ascertan the proper maintenance dose

SioNs AND SYMPTOMS OF GLucoups Tox € 7 These ate
protean. One 13 probably no more imporene than another and
they oceur 1 a wade varsety of combirations For this reason con

sunt warchivlness 1s necessary espeeally nhile che maintenange
dose 15 beiny ascersamed

The mast common signs of 1wy 2 e Joo of ay
ppente nauses
and vomsting headachie drowsiness and confuston coupled thythm
204 pactal anrieuloveninedtar Dotk There ate othety—duarrheq
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the marhet has displaced the highly relible deied powdered leaf of
digiealis

Rarely i the course of hypertension 15 digitalization so urgent
that che drug cannot be given by mouth If the stuation 15 very
urgent, ouabam 15 given (03~05 mg ) satravenously m 10 cc of
saline over 5 or 10 munutes Its full effect 1s apparent in 1bout tvo
hours It 1s mactive orally Results with cedilimd® (lanatoside C), 2
pure glucoside from Digitalss lanata, used both orally and mtra
venously seem good It can ciuse intoxicanon stmular to that from
excess Digitalis purpuren but this 15 said to pass off mose quckly
It 1s sometimes tolerated when other digitalis bodies are not

Before any ¢arduac glucoside 15 given it 15 essentral 1o ascertan
whether the patient h4s already recerved one of them Thus 1s espe
cially important 1f 2 glucoside 1s t0 be rdministered intravenously
If an unhnow n amount has recently been given attempts to digral
1ze by the intravenous method are dangerous

DosAGe Eggleston s abservaton ¢hie 0 1 Gm of dried digttahs
leaf per 10 Ib of body weight produced sausfactory digstalizition
1n most patients 1s the bass for most rules of dosage of digralis leaf
Clinical expertence has shown thit this formuli 15 approximately
correct Its strict application depends on hnowledge of the normal
weighe before edema occurred 1 datum sometimes nat casily avul
able and therefore esumated from the patents buld Most adults
given 15 Gm of dried powdered digialis Ieaf by mouth duning a
24 hour pertod become fully digitalized The tgal dose 1s 05 Gm
(7V% g ) and the remunder 1s adminstered 1n divided doses with
1n 24 hours

Digtoxin long favorably hnown in Lurope has been enthust
astcnlly fecerved in Amerier Gold whose expenience s 1rge, s3y5
For the toutine treatment of cardiac fulure the oral 1s the toute
of choice, digrtoxin (Digrealine Nativelle) 1s the glycoside of choice
and digielization sn a suigle dose the merhod of chotce

Gold nd his group estumated the average el digitnlzing
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especally when venous pressure was much elevated and when as
puch 25 600-800 c¢ of blood was removed

If bleeding o bloodless phlebotomy s successful  dyspnea
due to pulmonary congesuon 15 quichly reheved venous pressuse
falls and the liver decreases 1n size Fishberg, recommends Meeding
not only when there 33 Systemsc venous engotgement but alse
ssolaced left heare fadure with pulmonary but no systemic venous
engorgement. The effect 15 to lessen the pulmonary engorgement
as demonstrated radiographscally by cleanng of previously clouded
lung fields We bebieve 1t lhely dhat thus lauer swoation where
there 55 temporary cardiac disabshiy without a marhed sncrease 2
blood volume 3 that 1 which the bloodless method 15 specifically
ndicated

Osher deugs—Patents sho are acutely 1l {rom heart fadurce
may require morphime o relieve respiratory dustress and thewr
anxiecy Some combine 1t with atropine Perhaps atropme ads
drying up bronthial secreuons and by providing a freer air passage
better tung, movement and lymph drainage hastens the tesoluton
of pulmonary edema Eggleston thinks 13 mg (1/50 gr ) of ato
pine 15 the minimal dose which 35 of any value and our expenence
camades wath fus Is dosage should be gaged quue independently
of the amount of morphine given

Pulmonary edema and parucularly Cheyne Stokes respiraton
may at am.s be dramaucally conwolled by intravenous adminsstra
von of hytlne Eggl ds 2 dose of 05 Gm
(7t gr ) when up 10 20 cc of sabiwe and injected slouly during
10 or 20 munutes The action 15 prompt sf 11 15 1o be effecave at ail

often st gives a temporary Tespre whie other measures such ag
bleeding  bloodless phieb y oxygen whal and digual

nen are beng insututed

e

Draretres —1In the past few years the use of druretics m treat
ment of congesuve falare hag greatly mereased Not many years
g0 they were scarcely used at all and even this use was frowned
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oligurin visual disturbances urticarnil or scarluniform rish—but
they are not common

The problem with each pauent 15 to decide how much digitalis
to 1dmunister to obtam the desirble mavimum effects and to rec
ognize these once they hive fully developed while avording unde
sirable toxic manifestations and to recognize these when they 1p
perr Digrealss 1s 1 drug with potentilinies for good or for evil It
should not be used umudly nor yee with a free and unconceolled
hand

Bleeding and  bloodless phlebotomy —Much difference of
aptmon exists regarding the value of bleedinyg, i chronic congestve
fulure Some have abandoned the practice 1nd others urge 1ts more
frequent use We have used 1t only as 1n mnadental procedure
Bleeding 1 the absence of polycythems, must be considered
temporary expedient for the relief of acute lefe ventricular fulure
and intense pulmonry engorgement During episodes of acute con
gestive fulure when blood volume venous pressure 1ad erythrocyte
count 1re icreased the removal of 600 cc of blood s a logil
method of relieving temporarily the lond on the heart

The bloodless method may be preferable This consists 1
applicrtion of tourniquets or inflated blood pressure cuffs to the four
extremuties as close to the trunk as possible sufficient compression
being used to obstruct all the veins Usually this 15 abont 80-100
mm Hg i the legs and half of this 1n the arms The tourniquets
or cuffs re released serally every 10 minutes after 1 petiod of 20~
30 munutes and reapplied if need be The method temporanly traps
more blood than blood leting Care must thercfore be taken to
avotd oligemc collapse Some careful observers believe blood letung
sull the procedure of choice in prevenung early rclpses wto acute
congestive fatlure Others vigorously disagree

Arterral pressure usually does not fall significantly after bleed
1ng, nor does the pulse rate chinge However venous pressure con
sistently falls and may remam at lower levels for scveral hours
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It 15 doubtful that the addional trouble 15 always worth the effore
ot the msh. of acdosss In the vnusuat pavent when diresis 18 10
sufficsent the addison of ammonium chlonde may be med
Durencs used 1n congesuve failure certamly make the pavent
more comforable and may prolong Ufe apprecubly Penpheral
ederno often 15 psevented, and the seventy of dyspnea and other
due to pul Y ate lessened Lessenung of
edems decreases plasa volume and so benefits the bears by &
mushing its load
There 15 some disag garding dicaons for use
of mercurials Renal itntation shown by increased numbers of red
cells protewnen of cylndrurm, does not wtterdice thewe use sace
most patents with severe beart failure show such unnary changes
as the result of fafure withour having glomerulonephrins It has
been peneral expenence that when the edema 13 predominantly due
10 congestve faldluce metcusial dwuretics may be used without fear
of damaging the kidneys When severe renal damage has occurred
25 1n edvanced maltgnant hypertension they have ltde value and
may be dangerous
Rescreans to mercanal dreucs may be immediare mimnor or
lethal or delayed. The former are usvally charactertzed by dyspaea
sneattng sub 14 §

P and wncrease an polse
2nd respuatory sates Cyanosis and collapse may occur Faeal reac

uons seem to be due to ventricular fibrllavon (p 195) The de
fayed reactions uswally consist of asthmane artacks with pulmonary
edema Fever and a rash may follow There 1s no denying thae mer
cunal ditetics have cherr dangers especrally when guen mera
wenowsly Thus s testfied 0 by the number of teports of faeal
sea~goas Bur their usefulness surely curnerghs these d.

dications for theit use are real ¢ o f the

Oxygen enbuadatron —Weakness of the I
efe ventnicle causes ch

lungs 1o become engorged wath blood and the mcreased ‘“;
monary capllary pressuce so induced results 1o wansudavon ',i'he



220 ARTI RIAL HYPIRTFNSION

upon n miny quarters Perhaps the effictency and decreased toxiciy
of the modern mercursl dwretics has chinged all this

Instead of watng, as in the past, unul as much edema flud
as possible has been lost under the nfluence of digtalss, the tend
ency 15 to start dretic therapy concurrently with digitilization
Thus, 05 cc of mercuhydrin® 15 grven nteamusculrrly the first day
and the amount of fluid lost noted If 2-3 Ib 15 lost 1 day, dwtesis
1s sausfactory Too small a duresss 15 countered by incresing 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 1se chosen
The buttochs 1re the usual site There s Jess 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 drencs daily, along with digitoun and
sale poor diet untid 1l signs of edema have disappeated and the
weight declines to 1 resistant level the dey weight  Thereafrer,
continued use of drec fuls to reduce weight Salt poor food 15
then added to the diet and the patient 15 allowed to be up and
about If the dry weight 15 mamtamed the amount of duwretic
1s gradually decrewsed unerl a stabilized level 1s achieved 1n which
the 1njections e made ¢ longer and longer meervils Most ob
servers believe that the mercurinls should be used rather more
sparingly 1nd our own practice s to rely somewhat less on them
than does Gold On the other hand much depends on the circum
stances 1n which the trextment must be carried out If 1¢ 15 1n the
home for example where very low sile diets are difficult to main
tun more relance must be pliced on dmretcs But these are mat
ters the physiciain himself will decide

The use of 2 Gm (30 gr ) of ammomum chloride three emes
a day duning three successive days 1n the week along with mer
currals increases druresis about 15 per cent n the average patient
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of rongestve failure have been ameliorated or have disappeated
the oxXygen concentration may e gradually lowersd Tao days x¢
2 concentraion of 40 per cent and three days at 35 per cent may
gwve suffictent acchimauzaton to atmosphenc air

Parovysmal cardrac dyspnea {eardiac anbma)—T3he thmeal
pattetn of this mantfestanion of Jeft heart fature 1 famlsar Treat
ment is prophylactic i the fitse instance and consists 1n the general
weatment of congestne fatlure plus special anenuon to hpht meals
and flud restricyon before going 1o bed and to the sleepmg pos
twre The atack may respond 1o swang up ot standing 1t may re
qutre morphine of intravenous ammophytime ot, 1n those who are
not digicalized ousbain Fasture of these measures 18 an indwanon
for phiebotomy bloodless ot not and for use of oxygen
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volume of potentnl air space 15 thus decreased Measurement of
vital capacsty demonstrates this 1n patsents with congestive failure
The reduced velocity of the flow of blood imparment of diffuston
of oxygen through the edemarous alveolar membrane and nefficient
distrsbution of s 10 the alveolt all tend to reduce the amount of
oxygen avatlable to be carried to the uissues Prolonged circulatton
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 1ncreased

Cardiac dyspnea 1s thus due to several sumuls among them the
increased breathing requirement 1mparred elastic properties of the
lung CO. retention and proprioceptive smpulses Barach has ndi
cated that hypoxia ss 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 vial capaciy 15 unchanged o
lower than before treatment

The average pauent with early congestive falure due to hyper
tenston does not need oxygen therapy unless the fulure 15 evceed
mgly acute Occasional patients with chrome fatlure may be greatly
improved by residence 1n an oxygen tent for a wech or more The
treatment 15 however only adjuvant to the use of digialis and
other measures Possibly 1t makes the patent more comfortable
and that alone may justfy its use

Barach finds that the atmosphere provided the patient should
be not less than SO per cent oxygen concentration and bewer 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 fitst three days of oxygen admimstration dyspnea
restlessness and apprehension are usually much improved and
following this diuresss may occur Residence i the tent for tno
or three weeks may be required When the signs and symptoms



CONGESTIVF HEART FAILURE 223

of congestne failute have been amelioated or have diappeared,
the oxygen concentranon may be praduaily 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 cardrac dyspres (cardiac asthma) —The chnical
patern of this manifestanon of left heart failure 15 familiar Treat
ment 15 prophylactic i the first mstance and consists in the peneral
treatment of congestive failure plus speaal attention to Iight meals
and flud resmcuon before gomg 1o bed and t© the sleeping pos
ture The artack may respond to situng up o standing 1t may te
quire morphune or travenous ammophylline or 10 thote who are
oot digitalized ouabamn Failuce of these measutes 1s an ndication
for phleboromy bloodless of not, and for use of oxygen
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11 Effects of Arternl Hypcrtcnswn

on t}1e Br'un

THE CEREBRAL consequences of hypertenston—hemorchage, throm
bosis hypertensive encephalopathy vertigo unnitus and headache
—are mednted through its effects on the cranal vessels The fre
quency of these complications suggests that these vessels are espe
cally susceptible to the injuries which hypertension causes Rety
and hus associates have ingentously demonstrated that the bram
shares 1n equal measure the generalized ncrease 1n vascular tone
They have shown that cerebral blood flow and oxygen consump
tion remain within normal limuts 1n pauents with greatly incrensed
artersal pressures so that in the group studicd, mean cetebral vas
cular resistance was nearly doubled The degree of increase in e
sistance could be roughly correlated with the grade of reunopathy
It 15 all w00 easy to find structural explanatons for the fre
quency of apoplexy whether hemorrhagic or thrombotc Cerebral
arterses differ from arterses elsewhere i that their muscular walls
are thin and their adventiias very weak and the vessels themselves
once they enter the brain are unsupported and lie free n the pert
vascular spaces The intima of the cerebral arteries 15 well devel
oped and although the degree of is hyperplasia in mature lfe
does not equal that of the coronary artertes still 1ts internal elastic
membrane 1s normally spht and fragmented at about age 50

224
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The cerebral vessels therefore follow just belund the coropaty
antenes and aona n the frequency of atherosclerosis The tun
media and adventina are more readily penetrated by stheromatous
pecrosss than are those of oiher vessels The cousses of the anenes
parneularly those around the base are short so that the points 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
atse from the postenor communscapng anterior or middle Cetebral
attenes near the turcle of Withs They supply the thalamus Stratum
and chotoud plexus sending branches deep into the white mateer of
the cerebral radanons Therr distobution supples the sites of
predl for b thage and vhromb These branthes are
espectally thin walled and 10 the direct line of the pressure wave
from the heart, Qne such branch the lenuculostrate was once
alled the artery of cerebral hemotrhage Acrually thewr anawmy
18 50 vamable that no one artety 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
explaned on the basis that cestbral artenes are end arenes  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 encephalins which Rucker has
given the change Cerebral arterioles 1n hypertension show snumal
hyaline degenerauon The concomutant capillary degeneraon s
one of homogenization and thickening of endothelil walls and
prolifcration of endothelum  advenuua and gl Together the
changes 1 arterioles and capillaries account for diffuse foct of
cerebral softening and of glosis The extent of these changes does
not correspond 1 degree to the concurrent renal vascular disease
(Scheinker)

The general causation of the munor cerebral manifestations of
hypertenston-—encephalopathy, vertigo dizziness and headache—1s
2 medley of structural and functional change Since the cerebral
arteril media 1s weak the vessels tend not to constrict when con
strsction elsewhere has greatly increased artertal pressure Instead
they m1y tend to dilate or only hold their own Therr control
depends on tonic dilataton cspecually by blood CO of vessels
with 2 strong mtrinsic tone Vessels elsewhere tend to tonic con
striction Thus ntense cerebral vasoconstriction can sesult from a
dimmutton rather than 1n excess of sumult Conversely the need
for greater blood supply 1s probably met by dilatation brought
about by increased local supply of vasodilitor substances

Obliterating  angiosp seems 2 plausible explanauon for
many minor chinical phenomena To the argument thit the weak
media of cercbral vessels cannot sustam such constriction 1 the
face of high arteral tension may be opposed the fact that the
retinal artertes whose structure 1s sumilar are frequently scen to do
so Thus though demonstrated only under rither extreme expert
mental conditions cerebral angiospasm 1s something more than an
armchair hypothesss Unfortunately at s also 2 rather easy recoursc
for those prone to pat explanations and one which may cover

ominous organic changes (p 228)
Verago results from a wide variety of sumuli The labyrnth
has nerve connections through the vesubular pucler to cerebellum
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cercbral cortex and especially the ocufar muscles Thus \erngo
may anse not only from labynnthine sumulation by rotanan of
the body and hot or cold water impmging on the ear but from
sumufauon of the ocular muscles for example durng 1he produc
ton of eve strmn The inmediate cause 15 excwation of the semt
arculas canals or thew central connecnons

Readache also may be given a measute of structutal explana
non Many headaches seem to anse 1 dilanon of crantal artenies
This difacion m 2 dwsesse chatacterzed by constnction would be
patadoxical were 1t aot for the mtrinsic weakness and patadonical
responses of the cetebral arteries and the sensiweness of the exeea
cramaf arteries to the pun of strexching Thus an attracuse gen
eralization 15 that arcersal hvpertension predisposes 1o headache by
causing passive dilation of some of these vessels

CEREBRAL HEMORRHAGE

Massive hemorthage of thtomboss 1n the brawm 15 usually called
apoplexy  Although it 15 common i hypertenswves 3t also occurs
without hypertension chuefly because of atheromarous degenera
«on Hemorrhage alone will be consideted now and thrambosis
fater though their causes seem to be much the same

Invesugators do not agree regarding the precise mechantsm of
hemorrhage ta the bram Three explanations are considered likely
{1} Hemorthagic infarcuon  vasospasm and apsenocapiilacy dam
tge result 1 venous difatation and stasis and f prolonged
dapedesis thiough the ven and necrosis of 1ts wall the massive
hemorthage usually results from confluence of smaller ones 2y
Arterolosclerane narrowing (hyaline degeneration) and closure
produce a area of softening which deprives the sessels of some of
theyr suppost This loss contnbutes to fupruze of a lagger atheroma
wus vessel by the tugh arteral pressute Ie has been pointed out
however thar the semeflud witening whith surrounds the vessel
15 under ronghly the szme pressure as that of normal tssue 1y may
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be that these areas of softened brain contatn proteases which act
on an njured vessel wall (3) Rupture of a2 media weahened by
sclerotic deposits seems the likeltest explanation at least mn very
old persons

Most views concerning the pathogenesis of cerebral hemorrhage
at ages below 60 steess the prime tmportance of hypertension Es
pecally 1n young and muddle 1ged patients 1t causes hypertrophy
of the medi with increase 1n the number of nuclear elements of
the large and middle sized arteries Hyperplastic change affects the
ternal elastic lamina Hyalinization 1s found mn all of the smaller
branches, even the capillarzes Thus there are indications that the
changes m the cerebral vessels i hypertension differ from the
usual changes 1n arteniosclerosss of other organs In parucular have
been mentoned the facts (1) that the umal hyperplasia of
artertosclerosss 15 1nfrequent 1n hypertensive cerebral arteriolac dis
ease and (2) that i hypertension, diffuse hyaline degeneration of
the entre wall 1s the most strhing feature seldom complicated by
such secondary changes as necrosis of a hyperplastic intima, fatty
degeneration and sclerouc plaques usual in atherosclerosis else
where There are other differences but the question of whether 2
different pathogenests 1s 1nvolved remains to be settled

In patents with advanced essential hypertension hyaline de
generation 1s associated with scattered areas of softening 1 the
parenchyma destruction of nerve tssue and replacement by masses
of gutter cells circumscribed foct of glal scar formation perivascu
lar hemorrhages and diffuse or localized edema Undoubtedly these
ussue changes are secondary to the artertolocapillary changes 1f
the patient survives after cerebral hemorrhage the hemorrhagic
area may be replaced by a cyst Latge numbers of scavenger cells
ongmatng from the microgha take up the debris Small ¢ysts thus
formed may be obliterited by proliferation of the neurogha when
the larger ones remain they become sequestered by glnl zones

Malignant hypertension causes chiefly from medial change re
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ducuon of the lumen Necrosis ot calafication of cerebral artenes
ot artetioles 15 fare Rather the lesions are sumilar to those found
1 patients wih essentual bypertension difienng only i their
advanced degree and severe nature

Thus the brains of patients wuth malignant hypertension ate
often senously damaged Hemorthage with rupture 1nto the ven
tricies may be the cause of sudden death. A second vanery of change
consists of small srregulasly distoibuted h h through
the white marter of the cerebrum and cerebellum They are assoct
ated with small mfaras Agun diffuse capitiary hemorthages may
be the principal lesions

Thus cerebral hemorthage vares all the way from small
petechual bleeding 0 massive extravasanon The signs and symp-
toms depend pot only on the extent but on the place

Without entering 1010 o penetrating

p that f ! ar may be uselul o poat
out those five that Taylor and Page have found parcutarly useful
n disungmshing hypertensive patents who will suffer strole from
those who probably will ace. If the pattent has any four of the fo!
lowing signs a0d symptoms the chances 2te that be nall have a
swoke within the followng tno years

1 Severe ocapial or nuchal headaches

2 Verugo o syncope

3 Moator or sensory disturb
sient paralysis etc )

4 Nosebleeds

discusston of the sigas and

(ungling t tean

5 Reunal hemorthases whick ate usually small discrete and
aleen numesons 10 the sbsence of papiiledema or exudates

An 2ddendum 1o the hist was suggested by Monteiro of Ruo de
]an:hm) who finds that the areery of the malleus becomes wistble
on the tympanum of parests prone to apoplexy Wi ha
persence wah this physical siga. popiy We e mo ex

The symptoms of major sutracerebeal bleediog are 100 well
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known to need repetition hete Of the several apoplexy aphorisn
offered by Adims and Cohen one sucancely applies Apople
which cruses sudden onsec of headache confuston then deep cor
hemuplegia and bloody cerebrospinal fluid under increased press
15 usually due to spontineous cerebral hemorrhage  Compared
thrombosts, cerebral hemorrhage more often causes conjug
deviauion umilateral pupiliary ddatation loss of fighe reflex st
ness of the nech bulateral Babinsk: signs and a cerebrospinal fl
pressure greater than 300 mm Hg (Anng and Hewitt)

Treatment —Consideration of treatment must be limited
massive hemorrhage not because the minor vaneues are not it
esting and 1mporerat bue because we hnow notheag of their dagr
sis and 1n undertaking trentment 1t should be recognized that
fatal outcome 15 the rule and recovery an exception

After diagnosss of cesebral hemorrhage 1s established little
a speaific nature can be done for the prtient Sudden death 1s fan
due to hemorrhage unless 1t occurs 1nto the ventricles or medul
hence there usually 1s a pertod during which the outcome 15 unc
tain Whether treatment during this persod alters the prognosis
not established The old fashioned heroic bleeding of 1 L or mc
perhaps deserves more thorough study Oxygen may mhibit t
spread of cercbral damage

The pattent should be placed tn a bed equipped with side bown
The head should be slightly elevated and turned to onc side
the tongue daes not fall back into the throat If convulstons occt
they should be stopped by venesection or careful 1dministrition
magnestum sulface (p 239) Difficulty n breathing 1s sometm
met by lowenng the head placing an atrway and aspirating el
tions Atropinie may be used to dry the bronchi

An atcempt may be made to reduce the edema of the bram |
sntravenous thjection of 50 per cent sucrose or 25 per cent mannit
(p 239) With 300-500 cc of sucrose Murphy has obtaint
prompt and prolonged reduction of cerebrosptnal flurd pressure 1
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sociated wath profuse duresis Headache vomuung snd \emgo‘dmly
also be reliered Salt poor hypertonic serum alburmin shou! d n
theary have a fasung effect Lumbar puncrore 13 performed for \ai
nostic purposes at first 1f o farge amounc of bloody flud 15 o
ned under wncreased pressute the puncatre may be repeated
with benefit particutarly when the sncreased intracramal pressure
1s in patt due to blood which has ruprured 1nto the sentriculosub
atachnord space

Usually no sedatnves ste required. Rather oxygen by tent and
cafferne sodiura benzoate 05 Gin {715 g1 ) evety to houts may
speed the terusn © Hyposaue congs should be
svoided by tucaing the patent m bed every bour Bed clothes must
be kept dry to prevent bed sores Dunng the fisst fen days st as
usually necessary 1o msert an mdwelling catheter and ndal deamn
age 15 someuwnes decessary Hygiene of the mouth 15 important.
Tube feeding 15 somerumes necessary Pentcillin may be given as a
prophylacts. agunst palmonary and genyoutinary infecuons

Some patients have been teated sutgcally whea there was
definute evidence of persistently increased antracerebral pressure or
when the symptoms seemed 10 be those of tamor A few patients
may be benefited simply by aspirauon of the old blood through
a perforator opemng but an osteoplastie Bap 15 usvally necessary
We haie bad 60 expenence sath s yype of weatment The se
lecrion of patients far decompression wvolves heen neurosusgIeal
hnowledge Cervical sympathenc block on the side of the lesion 15
clauned to speed recovery and 1n parucular may relieve distreseing

sensory phenomena such as paresthestas and thalamic pain (Gard
oer and Nosik)

As convalescence begins genile massage should be mnsteruted
and che shan carefully cared fae to avoid bed sotes Evidentes of
phlebathrombosis should be Jooked for daidy i the legs should
thev become evident senous higanion rather than anticoagulane
therapy should be corsrdercd Abave all the physcian and anend
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known t0 need repetition here Of the several apoplexy aphorisms
offered by Adams and Cohen one succnctly applies  Apoplex
which causes sudden onset of headache confusion then deep com
hemuplegir and bloody cerebrospinal flurd under increased pressure
15 usually due to spontaneous cerebral hemorthage Compared to
thrombosis cerebral hemorrhage more often causes conjugate
deviavon unilateral pupillary dilatation loss of lighe reflex suff
ness of the neck, bilateral Babnski signs and 1 cerebrospinal flud
pressure greater than 300 mm Hg (Arting and Hewite)

Treatment —Constderation of treatment must be limited to
massive hemorrhige not because the minor vaneties are not intet
esting and tmportant but because we hnow nothing of there deigno
sis and 1n undertihing trearment 1t should be recogmzed that 1
fatal outcome 15 the rule and recovery 1n exception

After dignosts of cerebeal hemorrhage 1 estiblished Litle of
a specific nature ¢1n be done for the patient Sudden death 1s rarely
due to hemorrhage unless it occurs into the ventricles or medulla
hence there usually 1s a period during which the outcome 15 uncer
tain Whether treatment during this period altets the prognosts 1s
not established The old fashioned heroic bleeding of 1 L or mote
perhaps deserves more thorough study Oxygen m1y mhibit the
spread of cerebral damage

The prtient should be placed i a bed equipped s ith side boards
The head should be shightly clevated and turned to one side 0
the tongue does not fall back mto the throat If convulsions occur
they should be stopped by venesection or creful administratson of
magnesium sulfate (p 239) Dufficulty 1n brehing s sometimes
met by lowenng the head placing an airway and asprraung secre
uons Atroptne may be used to dry the bronch:

An attempt may be made to reduce the edema of the brun by
ntravenous jection of 50 per cent sucrose or 25 per cent mannitol
(p 239) With 300-500 cc of sucrose Murphy his obtained
prompt and prolonged reduction of cerebrospmal fluid pressure s
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1 requite a shote leg brace
much foot drop that they will reg)
‘“‘; ‘;“;‘:: along As reumnng advances ambulanion 1 hel pe:? by
mns(:uium 1 the use of crutches usually wing the aleeenate four
1

FIG, 4—P2sy ¢ pulley extzowes oo font of mirror wll prevent adhemens
and noease shooh ler movement and comeol {Conrtesy of § G G Deaver and
R G Peetson Arch Phys Mad 27 17 1946)

pawt gut as progress 15 made, istucton s gwen 1o chimbiag
steps coths and ramps

Numerous vanstions ftom this basic plan can be thoughe of
Thus Losman has recommended eatly acuve exerases under water
w2 Hubbard tark for 30 munutes three 10 six times weekly The
methods are chosen 16 sut the aeeds and capacities of the paveny,
since the ali unpormant aspect of treatment a¢ ths ume 15 the main
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ants should encourage the patient to take a hopeful view of the
outcome

Efforts must now rapidly be directed toward rehbilitavon and
retramning The outline which follows 1s taken from the plan pro-
posed by Howard Rush, whose programs of rehabilianon have
been outstandingly successful (Dinken)

First there 15 the problem of preventing deformities To this
end (1) a footboard or a posterior leg splint 1s used to prevent
foot drop, (2) sand bags are placed to retran outward rotation 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 mantamed 10 the quadriceps (5) Sit
ung in bed gives traning 1n balance (6) Aphasia 15 met by eatly
speech therapy

The next phase 1s retramning In essence this 15 passive moe
ment of the affected limbs against a weight suspended on a pulley
attached to a gooseneck pipe over the head of the bed The rope 15
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 1s that they are passive but sull controlled by the
pauent who knowing the limuts of his pain and stretch thresholds
will more rapidly achieve a maximum of moton The range of
motion 1s thus continually 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 improve his balance Speech re
educarion can then begin under the supervision of an expenenced
teacher
The next stage 1s ambulawon It starts by practicing balance by
standing at first with aid 1nd then between paraliel bars Normal
walking habits and reciprocal leg motion are helped by developtng
a heel and toe gut thus minimizing clonus About half the panents
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Prodromes may occur especaily of the clot beguns 1 the small
branches of an artery and extends ro the mam channel  but the
onset may oceut without much wammg whea the clot forms 10 a
large atery As @ tesule of the obstructon an area of the bram
becomes mfarcred with edemy widespread n the vianmy of the
lesion As the edema passes off the area of wschemia 18 decreased
by the restotation of exsung vasculay beds and the development of
collaterals The zone of most severe 1scherma finafly dematcates
and necroses As the fiecrotc tssue 15 absarbed 1t feaves small eystic
canies 1o mark the lesion

The signs and symptoms of dhrombosis obuiousty depend on the
postuon of the ¢lot These need not deramn s here except to pomnt
out ceraan general characteristics Jachsoman convulsions some
pmes occur at the onset dhey mdicare thromboss tather than
temotthage Sudden severe headache wuth somuung mrnediate
unconscionsness abnormalities of the respiraton or of the eyes
stffness of the neck and marhed levhocyrosis all suggest hemor
thage 1n contrast to thrombosis Bloody cerebrospinal fuid under
increased pressufe 18 rate in thrombosis and usual i hemorrhage

The weatment of thrombosis 15 much Yhe thar of hemorrhage
{p 2203 Aaucoagufant—hepatn and diumatol’—may have
sawe dut untif mose 15 knawn of the mechanism and dupnosis
of the apoplexies we shun therr use Among the vasodilators we
have tied papatenne with po sibly berefire!d effecs Nicotnic
2024 has been recoramended Probably the besr and certainly most
physiclogie stunalus to cexebral vasodidation 15 inhatauon of (G
(25 per centy It should be used expectmenally at least when
the dugnoss of cerebral thromboss 1s wel) establisked and raay do
food atrer ofganizanon of a hemorrhage
et of st :cmm st‘ a5 been tried 11 dhe hope that inter
the lesion andvmcmsc‘bl‘:;e; nodd s vasospasn atound

los on the affected sde (Volpio
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tenance of an ordered 1nd progressive program which will restore
to the pauent the ability to enjoy ltfe as more than a hull Whie
the 2ud of a comperent therapist should be sought whenever posst
ble, in mrny cases the program must be «dmrnistered by an atten
tive nurse or an meerested and mstructed member of the famdy

CEREBRAL THROMBOSIS

Cerebril thrombosis like cerebral hemorrhage 1s cwsed by
morbtd chinges 1n the vessel walls hence erther or both may occut
in the sxme patiene Thrombosis often precedes hemorrhage 10
those who have hnd several strokes It tends to occur when the
blood pressure 15 reduced and the blood flow less ripid as during
sleep after surgery severe exposure or during cachectic stutes

Some cliniciins believe that the usual cause of thrombosis i
lowered blood pressure This 1s sometimes true when the lowering
15 sufficiently raptd and severe in the presence of vasculir dimage
But this must be nfrequent for we have seen the blood pressure
profoundly lowered during severe allergic reictions 1n miny mabg
nant hypertensines and have observed thrombosis i only 1 single
case That gradual lowering of blood pressure over duys or weehs
does nor smumte thrombosis 15 testified to by the results of sympt
thectomy or hidney extract mjection Therefore the dictum thit
cercbral chrombosis 1s due to lowering of the trtennl pressure hs
no more than occastonal application

What may be 1 strihing example of the effect of lowered pres
sure with slowed arcultion has been reported 1 1 prtient who
had a hypersensittve ctrotd sinus Bilateral thrombosts of the an
tertor cerebral arteries occurred 1 few munutes after 1 test sumult
tion No doubt the vessels hid previously been dimaged by sclero
sts Other cses have followed this one into the lirerature But the
mechausm of thrombosis tnduced by carotrd compression may 10
clude reflex effects which do not occur 1 a simple decrese of

arternn] pressure
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Prodromes may ocoer especsally of the clot begens 18 the small
beanches of an artery and extends ©© the mam channel but the
onses may oceur without much warning when the clot forms in a
Jasge artery As a resule of the obstrucnion an area of the bran
becomes infsrcred wath eduma widespread i the vicity of the
lesion &% the edema passes off the atea of ischemiy 18 decreased
by the restoration of exsstng vascelar beds and the deselopment of
collaterals The zone of most severe 15chemia finally demarcates
and n croses As the necrotn. tissue 15 absorbed 1t leaves small qystic
cavities to marh the jesion
The signs and syraptoms of drombosis chviously depend on the
posiion of the clot These need nor detasn us here except to porme
out cerrain general charactensncs Jacksonuan convulsions some
umes occur at the onset they indicate thrombosis rather than
hemonrtiage Sudden stvere headache with vomatng immeduate
unconsciousness abnormabities of the sespiration or af the eves
suffness of the nech and marked lenhocytosss all suggest hemor
rhage 1 contrast to thrombosis Bloody cerebrospmal flusd nnder
incteascd pressuse 1S rate 1 theombosis and usual m hemorthage
The teatment of thrombosss 15 much hike that of hemorshage
(p 201 Anucoagulants—hepann and dicumaral®~may have
vafue put woul more s known of the mechanism and diagnosis
af the spoplexses we shun therr use Among the vasodiators we
hase tried pap with possibly b Y effecss Nicoupee
acid has been recommended Probably the best and cettasnly most
phasiolopsc strulus o cercbral vasodilation 15 sohalanon of «
A e s
18 18 well escatlohed and may do
g00d after orgrawation ot 4 hemoschage
Homolsteral bloch of the cervical s
bral embolism or thrombosis bas becn fo:ﬁ :I‘f:!::;\ :'f‘:: :\fj
Tuption oY sympathetc 1my
the lesion ::\dp\:\c:e.\se b\;:;i;(:;oﬂ: f::m;h vasaspasm around
affected side (Volpito
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and Risteen Gulbert and de Takats) The onset of Horners sn
drome 1ndicates that the mjection has been properly placed These
blocks should be repeated once or twice daily as long as improre
ment continues De Takats finds such blochs most effective when
given as an emergency treatment 1n the first hour or two after
thrombosis or embolism, but W J Gardner of the Cleveland
Chntc earnestly recommends a routne trial of block at any stage
1 the evolution of the residues of apoplexy Turther, he has ob
served dramatic relief of thalamic pain The blocks may facihtate
rehabilitation since they seem to favor the recovery of notmal sensa
tion and movement, especrally 1n the legs

HYPERTENSIVE ENCEPHALOPATHY

Hypertensive encephalopathy, as described by Volhard and
Oppenheimer and Fishberg somewhat resembles an epileptic sez
ure with which at tumes 1t 15 carelessly confused Prodromes may of
may not be present, when present they consist of severe and almost
constant headache, nausea vomuting and somnolence Loss of appe
tite and disturbed sleep may occur a few days before the antack
Paresthestas are not uncommon Pallor 1s often strhing The arterial
pressure usually nises often to great heights and the unnary vol
ume may fall The pulse 1s often slow Changes m personality may
be evident several days before the attack especially increase 1a
ireitability

So heralded or without prodromes the dramatic part of the
attack may begin Some patients have violent convulsions with loss
of consciousness much like those 1n eclamptogenic toxemta of
epilepsy Vision may be lost for several hours or days but the Toss
1s not permanent The profound disturbance of the nervous system
15 reflected 1n the development of a Babisk: reflex and ngidity of
the neck accompanied by a Kermg sign

Other patients rapidly pass into deep coma with slow and
stertorous breathing and feeble crculaton From this they may



EFFECTS ON THE BRAIN 1

rouse 2nd Appeat almost aqrmal 1 12 ot more hours ‘The spal
fund shows no blood offertag evidence that much of the brain xs
free of geoss hemotrhage Spinal fud pressure 15 usually greatly
sncreased though this 15 hot an mvanable rule, The npd 20d
often grest tise 10 both systolic and dustolsc pressures and the heavy
Butden thrown on the heare by the convulston may precipitate actte
myocardial snsufficiency and death from cuculatory fasture or pul
monaty edema

Vothard foond the cerebral symproms cotrelated aot with tm
paireat of reaqd function but with sise 1n blood pressute and vaso-
constfiction, Thus smportant cbservauon diffcsentiates the chinseal
prctre cleatly from the coma and convulsion, of urema. The con
stancy of assotanon of the encephalopathy with increased blood
pressuce and the frequency of a sharp wse ta pressure before the
convuision suggested fo Fishbetg that the hypertension or the
phenomena concerned 1n 115 producuon are causally relared 1o the

4

Thas s also suggested by y of the synd as g
may ocur 10 gl foneph

p and essential hyp 10 that
0 eclampsia
The pathog

of the synd 15

)]

Fishbetg who
has given the matter the most awention sugpesrs as 2 uorkmg

hypothesis chat ahen the 11s» 1 acteral pressure 15 sudden of ex
weme adaptation of the cerebral vessels to the artenal pressure
may be defective 1a either or both of mo ways {1) The cerebeal
arenioles may not constnct as forcefully s necessaty 1o keep pace
with the general rise 10 arterual pressute tesulung i
sure n the cerebral tapill, and q o of
€d ma. (2) Indvidual vessels may react to m1se 10 pmn:te by
cense spastn. uth aschemia of the adjacent portion of the brain and
focal cerebral symptoms This would occor 105t often 1 the pres
ence of matked cerebrat anteniosclecons

There 15 certunly mach indirect evidence suggestng the oteur
tence of ol \\ during the synd

wcteased pres
s

but i 15
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far from being proved The concept of the spectal srruability of
sclerotic foct was ably attacked by Allbute and by Pickening

Agamn the occurrence of edema of the bran remamns to be
proved If focal edema occurs 1t might easily explan many of the
signs and symptoms The fact that hypertonic sugar solutions are
so valuable 1n trentment adds indirect evidence to the validity of
this view Scheinkers syndrome of cerebral swelling seems to
overlap thit of hypertensive encephalopathy and 1 so domg 1o
offer some substance to the view that the ctuse 1s edema of the
brun local or diffuse

A valuable study should be made to determine whether hyper
tensive encephalopathy 15 not based on constitutronal dysthythmia
of the electrical bran waves s in epilepsy It may well be that the
rise n arterial pressure acts as the trigger mechanism to tnitsate
the attach The differences in these seizures from those of epilepsy
due to cercbral scars might be due simply to the substrate on which
the seizure plays

If the pauents do not die during an attack~—and usually they
do not if adequately treated—recovery from the episode 15 complete
This suggests but does not prove that hemorchages thrombt and
focal ~reas of necrasis probably are not the bass of the syndrome

What many clinicians speak of s hypertensive encephalopathy
1s a chronic 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
1s episodic only i that transtent severe motor or sensory disturb
ances do accur The course s releatlessly downward usually to
sudden death from apoplexy Autopsy reveals diffuse treas of cere
bral softemng foct of extravasation 1rens of gliosts and cyst form?
tion The process 1s evidently due to arterio 1nd artertolosclerosts

Treatment —Tishberg has recommended venesection 1n almost
all patents with severe encephalopathy especrlly during the pro
dromal period Usually 500 cc of blood should be removed re
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petted 1n a day or t8o 1f necessary Tt s pot clear sty \incsmlo:
1 of alue especially since the resultant fall 1 areennal prC;sur
may be shight and tranyent Transitory reductiont 1n blood 1o f\m’ﬁ
may benehit by causing flud from edematous brain 5o fiow from
assue spaces 1o the blood stream

Lumbar punctute 15 1 measure  occasionally yaluable and rarely
spectacular  (Fishberg) akthough diagnosucally important

Hypertonic sucrose ot mannitol solutions produce 8 prolonged
fall i nractanual pres ure wich hirtle or no secondary nise wWheteas
2 secondary tise 1s common after 50 per cent glucose solunon In
adults 200-600 cc of 25 per cent manmtol may be gnen by stow
rmtravenous wfusion This may be followed up by several further
1njecuons of 100 cc dunng the next 24 hours Such treatment often
stops the convulsions immediately Treatment with suctose should
not be prolonged over 3 penod of days because of the danger of
tobufar cell injury Manonol does not apptar 1o share this
Jurious action. As noted previously large doses of sale poor albumin
may prove sull mare effectne 1 the tseatment of cerebral edema
However 1n thus syndrome 1ts effect and that of other modes of
treatment 1< difficalc to evaluate partly because of the episodic na
tute of the alment

Admyasstration of a solution of magnesum sulfste durtng the
stage of headache and vomwing may prevent convulsions as in
eclunpsia In adults 20 ce of a 10 per cent solution may be guen
wntravenously very slowly and m children 10 ¢c pet hg of body
weight of 3 2 per cent satution This may be repeated at o hour
wternals af of the attack 15 severe even once an hour with due
auention 1o the tendop feflexcs respiatory rate and the rawe of
urine formation

In mid cases the dosage 15 30-60 o for childeen and 60-100
o of 50 per cent solyuon for aduley Lven by receum enery four
ot five hours as indicated by the seare of the patient More severe
Cases may fequire intramuscular injections of § 204 cc per hg of
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far from being proved The concept of the special trritabiliy of
sclerouc foct was ably attacked by Allbutt and by Pickering

Agan, the occurrence of edema of the bran remuns 1o be
proved If focal edema occurs, st might easily explain many of the
signs 1nd symptoms The fact thae hypertonic sugar solunons are
so valuable in treatment adds ndirect evidence to the vthidigy of
this view Schemnkers syndrome of cercbral swelling scems to
overlp that of hypertensive encephalopathy and 1 so domg
offer some substince to the view thir the ciuse 15 edema of the
bramn local or diffusc

A valuble study should be made to determine whether hyper
tensive encephalopathy 15 not based on constitutional dysthythma
of the elcctrical bram waves as 1n epilepsy It may well be that the
rise 1n arterinl pressure acts s the trgger mechamism to st
the awttack The differences in these serzures from those of epilepsy
due to cerebral scars might be duc simply to the substrate on which
the serzure plays

If the patients do not die during 1n attrch—and usually they
do not if 1dequately treated-~recovery from the episode s complete
This suggests but does not prove that hemorrhages thrombt 1nd
focal areas of necrosts probably are not the basis of the syndtome

What many clinicians speah of s hypertensive encephaloptthy
15 a chronic progressive disense quite unlihe the episodic crisis just
reviewed The state to which we refer 1s charncterized by headache
memory loss tttenuation of mental acuity personalnty chnge 1nd
1s eptsodic only 1 that transtent severe motor of sensory disturb
ances do occur The course 1s relentlessly downward usuafly to
sudden death from apoplexy Autopsy revels diffuse arens of cere
bral softening fous of extravasation 1reas of glosts and cyst forma
won The process 1s evidently due to rterio and artertolosclerosis

Treatment —Tishberg has recommended venesection 1n almost
all pruents with severe encephalopathy especinlly during the pro
dromal period Usually 500 cc of blood should be removed re
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pea ed 1 2 day OF O 1f necessary Jt 15 ot cleat why venesecuon
5 of value especnally since the resplrant fall s arrenal pressure
rmay be slight and transient, Transwore reduction 1n blood volume
may bencht by ceusing flud from edematoys bramn to flow from
wssue spaces nto the blood stream

Larnbat punctare 15 2 measure occassonally yaluable and rarely
speciscutar  ( Fishberg) although diagnosticaily important.

Hypertomc sucrose of manniol solusions produce a prolonged
fall 12 neraceanial pressure & ith hetle or no yecondary e wheteas
 secondary nse 4 common after 50 per cent glucose soluwon In
adults 200-600 cc of 25 per cent mannitol may be gnen by slow
mtrasenous snfusion This may be folloned up by several further
smyections of 100 & dunng the pext 24 hours Such weatment often
stops the convalsions ymmedutely ‘Treatment wath sucrose should
not be profonged over a petiod of days because of the danger of
whular cell mpury Mannstol does nor appear 1o share this an
Janees action. As Aoted previonsly 1arpe doses of sak poor albumin
may prove sull more effectnne n the treatment of cerebral edema
However m ths syndrome s effect and that of orher modes of
trea ment 15 difficult to evaluate partly because of the episodic ns
tre at the alment

Admmistravon of a solution of magnesiom sulfate dunng the
stage of headache and vomwng may prevent convulsons 2s
eclampsit fn aduty 20 cc of 2 10 per cent solution may be given
ntrdvenobsly very slosly and in chuldten 10 ¢c per hg of bady
wenht of 2 2 per cent soluton This xuy be repezead at two hour

wtervals or st the ateack 15 sesere even once an hour with due
attention to the tendon reflexes wspiratory tate and the rate of
urine formauan

In mild cases the dosage 1< 60« for cruldren and 60-100
W50 per cert solunon for adults given by tecrum every four
or five hours as indiared by the scare of

the patiene. More severe
Casts may tequite intramuscular myections of 02-04 cc (ee bg of
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body weight of 25 per cent solution for children and 2 total dose
of 10-15 cc for adules

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 of 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
morphine nor chloroform seems to have any parucular place 1a the
treatment of this syndtome If a sedative 1s needed one of the
longer 1ctng barbrturates may be given—by recrum 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 ateributed to angto-
spasm It 15 given orally in doses ranging from 03 to 12 Gm
(41418 gr ) alone or with phenobarbital The advantage of mild
sedation 15 suggested by the fact that tea and coffee 1mpair 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 arteriosclerosts and so called hypertensive 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 dizzt
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 pesence wsuafly indicates that pemorthages albere small ones
have occurred mn the bram

Since verugo may asse from @ wde vanety of for 1e the
Lahynath wself the vesubular nerve & vesubular centers or cen
wal pervous connections 1€ 15 exceedingly difficult to ascertam 16
mechanism in the hypertensive panent. Presence of nystagmus may
be an aid Spontanecus verucal nystagmus suggests fesions 1 the
bratn stemn. The phenomenon of past pomung speaks for cerebellas
disease There are other tests for abnormal labyrintune funcucos
tyut they tequire the services of a specialist both for thear 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 sumtanicy of the verugo of hypertension and that of
Mentres diseass e wearment of the laver has been med m
e former Furstenberg bad good fesuls from 2 low sodram diet
and admistranon of six capsules of 048 Gm. (7V2 gr) 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
afteranons which tause the verngo Talbort and Brown obamed
equatly good resules 1 Memeres disease with ders of normal
sodum content and hence concluded thar the sodmum 1o was not
the precipitsung cause of acute attacks They administer 6-10 G,
of patassium chlonde daily Potasssum nigrate may be substtuced for
powssit chlonde These vanous procedures deserve a trial bue
there 18 no assutance of success We find nicountc acd 1 50 or
100 mg doces as tolerated, four times daly mote valnsble than
any of the foregomg
bt s o s o
develops while éem A € patient 1s upright When 1t
cetous E I’“n N s 5 onizontal posiuon 1t 18 usnally

¥ rare ¢ hyp except m '»hbse 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 sedauve 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 1s 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 by pertension 15 2 dull diffuse
deep ache Espectally ax the outset the puin 15 throbbing I usually
derelops 1 the small hours of the morming and may be intense
cnough 10 anahen the patient The site vases pain may be general
wed fateral or occpital Gestng up out of bed swung up 0 3
chaie dressing taking coffee and beginnng the duties of the day
okten gne telef at least m part. Some pavents hase some rehel
from sleeping 10 the head up poswon with the head of the bed
rassed on chairs or blocks Mo ¢ forms of bodily effort parucularly
stooping and coughng mcrease the pan momentanly Digral com
pression of the common catond ocapial fromal postauncular of
temporal artenies reheves the pare when the site of headache can
be locatized Ergournme warmate (025-05 mg atramuscularly)
relieses the pain although it may increase attenal pressure The
fact that s drug acts pumanly on the branches of the external
catond artery and the effect of digital compression indicate that chis
1pe of headache lihe that of migrare 15 caused by distention of
external carond branches Indeed bigation of the tempors! arcery
may decrease the wtepsity of headache for some months
‘The tacr shat this eype of headache 15 akia © mugrame was
fust andscated by Janesay i 1913 He found that o lacge oum
ber of panents who complamed of by pertensive headaches had
had migsaine throughout Ide Since the headache appears i many
pauenys afier whe onset of hypertension but wathout definmte rifa
«on o the level of arteral pressure 1t 1s probable that n some
% dercessed coruncnve pover of the arteries comfortable enough
when the blood pressute 15 notmal tesuls 1w punful distention of
::g::::l : ;Ha';:;t; :c“i;c‘s]sure 35 elevated The assocsation yth
ary that m migrainous people as in

pavents with hyperension the frequency and seventy of headache
s closely tefated 1o states of emonanal tension

The 32043 type of headache 1n hypertension often coexistent
it che first, 15 characrerzed by pasm and suffness Yocalized 1o the
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veloping, orthostauc hypotension following sympathectomy The
posstbultey that syncope 1s the result of 1 hyperactive caroud stnus
should not be overlooked

Drzziness and giddiness are terms restricted to an abnormal sen
sion of unsteadiness characterized by 2 feeling of movement
within the herd According to Soma Werss dizziness 1s often a
forme fruste of syncope Nicotunsc acid may be grven as for vertgo
Injections of histamine (005 cc of 1 1000 solutton) once or twice
2 week have been recommended by Marshall The dose may be
wncreased by increments of 0 1 cc to a maximum of 05 ¢c if tolet
ance develops Both 1ndrogen and estrogen therapy have been rec
ommended to mncrese cerebral circulation but too little experience
1s avatlable to provide a basis for the determination of their value
In brief treatment 15 unswsfactory Possibly greter attention
should be pud to the probable psychogenic onigin of these symp
toms

HEADACHE

Owing largely to the studies of Wolff the mechwusm of the
headache 1n hypertension 1s well on the way to being understood
Furst let us make st clear thac lthough there s a relwtonship
between the height of the blood pressure and the occurrence of
hewdiche 1t 1s not 4 ditect one Thus about half of hy pertensive
patients do not hive headaches In others heidaches began befote
hypertension was present Herdaches disippeir in some pitents
without changes 1n blood pressure this 1s often strihing after
lumbodorsal sympathectomy Despite these faces there can be hule
doubt that headache 15 more common among hypertensive pitients
than among normotensives

A misconception exasts thae headiche 1 hypertension 1s neces
sanily assocrated with high intrcrinial tension This 15 almost cer
tunly not true It 1s imporernt to realize thes because the mtscon
ception has led to spinal taps 1s a means of gving relief
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these muscle tensiag headaches should be recognized and treated
riately
avwgmms should not be given They usually male the hcﬂd.\d\;
wotse not beter Spual puncrure sately has 2 tenefical effect an
may mahe the bradache wonse Vepesecnon 15 sad 10 relieve severe
obdurate headache but we bave never needed 1o use 1t
Dorsalurnha sympathectomy often gives susprising relief even
hen artecal peessuge 15 no¢ sgificandy teduced This 16 2 benefit
of sympichectomy not to be dismissed lightly bat 15 notin wself an
ndicanian {or opetanon
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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 procune 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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shese muscle tension headaches should be recognuzed and treated
fatel
aWP(I(\IXi‘rmcs Yshonld not be given They usually make the headache
somse pot better Spinal puncrute earely has a benefical effect and
may make the headache worse Venesecuon is sad to relieve 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 disrmssed hightly bug 15 not 10 wself an
mdicanon for pperation
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12 The Kidneys m Hypertension

{ FUNCTION PATHOGENIC PARTICIPATION

THE IMPORTANCE OF the renal asculature 15 obvious from the
facx that 1 accouns for about one fifth of the towl peripheral re
sistance while the hidneys account for less than 1 per cent of the
body weight The tntense vasculaney of the kidneys 15 not obyy
ous afeer death 2s 1t 15 1 spleen and iver This 1s partly due w
ngor of the muscular walls of the renal arteral and arteriolar
sessels This wmyrad of channels 1s 2lmost spearfically susceptible
to the destructive snfluences of severe or prolonged hypertension
Inpury results 1 parenchymal loss and eseablishes a relauon be
tween renal injury and hypertension which has been recognized
sice the ume of Bright
But, ssnce the sequence of events has remained ohscuce concepts
of the genesis of hyperten ion have deseloped 1n ¢ycles which differ
as they ascbe mofe or less importance to the hidneys as the pn
mary agent (Table 10V Thus the ¢ycle has 1 a century gone the
full course and returned 1o the kidney As long as renal funcuon
was considered only 1n terms of excreton and this function was
normal or neatly $0 a0 many cases of hypertension the possibility
that renal injury caused onset of the disease seemed 1mplausible
:i’: ;2:);‘1: ;h; ’Y;irs\ey fas endocrine as well as exocrine funcuions
gap Recent advances 10 the seudy of renaf
excretory funcuon have also been brought to bear an the problem

a7
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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)

renal
Goldblate (1933) (Expeimentally shown)  Renalischemaa

G lized and

renal function are therefore most simply constdered 1n terms whech
visualize, for llustration the whole kidney as 1 single nephron and 2
the renal artery and all 1ts branches as a single vessel (Figs 10 and /
11) ‘The first component 15 an arterial vessel which branches to
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 mcreased proportion and even an
incresed volume of blood 1s forced 1nto the medulla through the
justamedullary glomeruls, whence 1¢ passes to the remal yen In
thewr monograph the authors devclop thus face nto a hypothests
which would explain post traumitic anursas and even the geness
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 true shunung of the total renal blood flow but
only of cortical rschemin with resultine redistribution of fractional
blood flow and a relative or slight absolutc increase 1n volume of
blood 1n the medulla The Trueta phcnomenon  scems 1o us an
end stage of any severe renal vasoconstrucuon As such it may
occur n pauents under severe stimulauons of many hads But
shuntmg has been shown not 1o be present n hypertensive paucats
under basal condiions and even under the influence of visorwcte
drugs This does not mean that renal vasomotor reactions i hyper
tenstves may not resule in corucal 1schemia with a relatne nerease
n medullary flow under conditions which would not have this
cffect 1n notmal people It s the wthors suggest renal vasocon
striction of nervous origin were the basic factor in by pertenston
then renal denervacion should be a curative proccdure Bue st is not

Bowman recognized the function of the glomerulus staung a
century ago It would tndeed be difficult to concerve a disposition
of parts mote calculated to favour the escape of water from the
blood than that of the Malpighan body A large artery breaks up
10 a very difcct manner 1nto 1 number of mmute branches each of
which suddenly opens into an assemblage of vessels of far greater
aggregate capaaty than self and from which there 1s bue one
narrow exit  The first step 1n cxcrenon s filerition from plasma
of water and the substances 1z holds 1n solution Iiltration 1s a2 com
mon function of all capillaries glomerular filtrauon 15 disunctine
because of (1) the anatomic arrangement Bawman described (2)
the double capillary walls endothelium -+ epithelum  so that pas
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“The afferent artenole abruptly div 1des st a seties of iaymary
Yoops all of whuch are loped 1n @ tun epyhelsal .
Bowman s capsule Loops and capsule together form the glomerafas.
The capillary loops rejoun and leme the capsule as 3 thin shorr suff
ansculas vessel—he efferent artenole—which g pically subdivides
1010 2 group of anastomosing capillanics These streams of blood
ramufy around the epihelial wubules and flow together into venules
and vews o leave the kadney Preglomerular artersal chanuels may
lead to pertrubular capillaies ta 2 Very smalf extent notmatly snd
to greaser degtee n the presence of renal parucularly proumacdy
glomeralar disease These preglomerular shunts ate branches of
afficreatartenioles mrerlobular or capsular atteries Their physiologic
ugmficance even 1 disease 15 pot €asy 10 viswalize excepe as they
accouns for persistence and even hy pertrophy of aglomerular tubules
1 disesse
Tret, Barclay and co-workers have applied nes and very
graphuc technics to the study of renal arculanan which ¢mphasize
differences beween cortieal and medullary blood flon  The
glomeruls 1 and near the boundary zone between cortex and
medulla are the juxramedullary glomeruls. It has long been known
that their structare was different 10 detal from that of the glomerals

1 the cortex proper The basic anatomuc difference lies 1n the face
that the efferent les of the y Jull

y h do not
arboruze 1o capiflaries as do those of the many times more pumcr

ous corucal glomerult Rather they branch 1o Jong looping ves
sels whuch pass down o the medulla (artenze verae tectae) and
rerurn therefrom as venules with hule formation of a capitlary
meshwork Constcnion of the afferent attenoles and mncerlobular
artenes teduces blood fow thiough the cortex Such constercuon
€an occur 1n many siuations but 1s apparendy best elicned by strong
sumulavon of tenal vasomator nerves Increased cortical vascular
resisance wath persistence of blood flow 1n the ntslobar and
arcuate artenes decreases total renal blood flow and especially the
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blood flow to the cortex, while an increased proportion and even an
incrersed volume of blood 1s forced into the medulla through the
juxtamedullary glomerulr, whence 1t passes to the renal ven In
their monograph the authors develop this face into a hypothesis
which would explain post traumatic anurms and even the genesss
of hypertension These concepts seem to us overdeveloped  Shunt
g of blood from the cortex 1s hardly a valid concept since there
1s no evidence of truc shununyg of the total renal blood flow but
only of cortical 1schemia with resultant redistribution of fractional
blood flow and a relatve 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 tn patents under severe stmulions of many hinds But
Shunung, has been shown not to be present i hypertensive patients
under bisal conditions and even under the influence of vasoactive
drugs This does not mean that renal vasomotor reactions 0 hyper
tenstves may not result mn cortical 1schemta with a relauve ncrease
1n medullary flow under conditions which would not have this
effect 1 normal people If as the authors suggest renal vasocon
striction of nervous ongin were the basic factor i hypertension
then renal denervaton should be a curauve procedure But 1t 1s not

Bowman recogmzed the funcuion of the glomerulus statng a
century 1go It would indeed be difficule to concerve a disposition
of parts more calculated to favour the escape of water from the
blood than that of the Malpighian body A large artery breaks up
1n a very direct manner into a number of munuce branches cach of
which suddenly opens nto an assemblage of vessels of far greater
aggregate capacity than iself and from which there 1s but onc
narrow cxit  The first step i excretion 1s filtration from plasma
of water and the sub ¢s 1t holds 1n sol T'tration 1s a com
mon funcuon of all capillanies glomerular filtration 15 distinctive
because of (1) the anitomuc arrangement Bowman described (2)
the double capillary walls endothelrum + epithelum so that pas




hX
RENAL FUNCTION PATHOGENESIS PA1Y

sage of protem 55 restncted (3) the Tgh hydrostate P‘“S“‘: 2(
the capifurses 1n the order of 60 snstead of the 25 mm Hg o f( ‘f
systenic capillary and (4) the outward unsdirecnonal fiow of §
fieiia

Theareucslly the volume of glomerular filtrate depends on the
balance bernten the vobume of glomeralar plosma flow and W
fluavon pressure the lamer wsually beng the more significant,
Filtraton pressure 15 2 net value derwy ed from ¢he algebraic sum
tnation of (1) a posine value—hydrostanc pressure and (23 op~
posing values—plasma osmouc pressure refal ussue pressure and
the pressuse tequited to force flud out through the whules The
most important and eastly vanable factor 1s hydrostauc pressure Its
control fests 1n the atenioles W a normal constant, sgstemic
arterial pressure constncuon of afferent artenoles reducts filtra
uon subsequent constricuon of efferent artenoles rebuilds the head
and restotes filvation

When some sumulus causes systemuc artenal pressute to nse o
2 Tugh fevel the afferent antenofes constnet presumably to protect
the fragile capillanses from the full blast. Filwrauon rate may then
remain unchanged if the afferent copstriction 15 adjusted 50 as 10
mamtain normal filiration pressute apd renal blood flow 1f o tus
state of balanced artenal hypertension and renal arteriolar con
striction there 15 added constricuon of the afferent atcerioles satra
glomerufar pressure rses while the added sascular sesistance tends
1o decrense tenal Blood flow  AWhough the plasma minute volume
from which the hltrae 15 expressed 15 thercby reduced 1ncreased
filwavon pressure may sull force a normoal volume of water our of
the plagesa

We concene of the first of these situations~—that of arsersal hy

afferent 1olar &

and normal fevels of
tenal blood flow hitrauon pressure and filtration rate—as thac which

abtans i the siage of easly byperension 1n which 2 seems Hhedy
that newral and neurohumotal factors predonunate The later stage
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—with superimposed cfferent arteriolar constriction, reduced renal
blood flow, increased filtration pressute but sull perhaps a normal
filtration rate~—1s thought of as more consistent with humoral renal
pressot activity

Glomerular filtrate 1s a nearly protein free fluid which contains
all the soluble constituents of plasma Normally, about 130 cc 15
formed per munute Its uncheched discharge 10 the extersor would
cause daily loss of about 200 L water, 1 100 Gm sodum chlonde
and 270 Gm dextrose, 1n addiuon to the numerically less impres
swve but physiologically hughly significant content of other solutes
The modificatton of filtratc into unne prevents this loss This process
occurs 1 the epstheliil portion of the nephron, the renal tbule
It consists 1n the rcabsorption of water and differentially, of solues
It 1s completed by the secretion into tubular flurd of certam sub
stances

Several mechanssms participate n reabsorption One 15 simple
osmotic adjustment by which the pull of the concentrated plasma
1 the petitubular capillaries withdraws water from the tbule flud
But osmosts alone would result in the formanon of ssotonic (sp gf
1010) urne of constant volume and content and would lead
rapidly to dehydraton and demuneralizaon The greater part of
reabsorption therefore depends on the acuvity of the renal tubular
cells Ths restores to the body by cellular chemical work the flud
and nceded solutes the mechanical work of the heare had forced
through the glomerular capullaries The details of this process may
be reviewed in Smuth s monographs Briefly water and electrolyte
reabsorption are concetved of as developing 1 two phases which
correspond to the major divisions of the tubule In the proximal
portion salt and glucose are actvely transfetred carrying water
1nto the plasma the dilute fluid which enters the thin segment 15
then brought up to the osmotic concentration of plasma with fur
ther loss of water At this stige the flurd volume has been reduced
from that of filtrate by about 80 per cent In the distal bule the
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final formaton of unne wncludes further adjustment of ats volume
according to watez needs 10 pact as @ resule of twbular cell control
by pasterior prwitaty hormone and of 1s gH by resbsorpuocn of
bicarbonate and seceetion of ammonia, Formaton of unae ends the
exceetoty aspect of reaal function.

RENAL PRESSOR S)STLM AND EAPERIMENTAL RENAL
HYPERTENSION

‘The demonstration by Goldblatt thar the hudney can play aa
der tole—that of a causal agent tn expenmental hy pertension—
indicates the exsience of a function other than excrenon oae of
wnternal secrenon, Troe the wiew that che hidney mughe acwely
cause hypertension through some distarbance of ns arculation bad
been advanted befose The problem of credie—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 -
sental and mahgnaae hypertension 10 human beings, can be regu
lasly produced experimentally by partial compression 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 acuon of renal perves indicates that the mechanism 1s humor,l
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 funcuons 1s perhaps best
demonstrated in the endocnine kidney of Selje Here compression
of the sorma bet\\ cen the tenal artenes so d&ﬂﬁﬁﬁ artepal pxeﬁurc
m the fower (left) renal artery that glomerular filtranon ceases
Busr blood flow persnes and, although the glomeruli ducts and
most components of the tbules atrophy part of the proximal
twbule hyperwophues Thig process 15 assocuated with hypertension
and severe arteriat disease which runs ws coutse 10 a few days

The possibility of a renat wterqat secretion which ought resule



FIG 5 (abote) —Hypenen;mn results when clamps are zpphcd 10 the
renal arterses This dog di d hy with d renal exere

tory function {Courtesy of Dr Halry Goldblan )
FIG 6 (below) ~—Persnephric hull resulung from apphcation of silk of
Cellophane to kidney After six weeks artertal pressure was 744 mm Hg
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i pessissent hypertension has since been resolved 1nto the follow
ing proposions (1) Repin 3 prowen present 1n renal cortex aad
formed 10 tubule cells 15 2 proteolync enzyme {2) The subswate
on which renm normally acts s another protan formed 1n the
liver demonstrated w plasma as a consutuent of the globulin
(3) The acuon of rentn on reun substtate results 1n the liberauon
of a produce called angiotonin whose chatactenisnes are those of
2 polypepude and the pattetn of whose structure has been outhined.
Angiotonin Causes CONSIHCLON of smooh muscle 1t has relatnely
hule acton on vens of gut but acs powecfully on arrenoles
artenies and the myocardium Its formanon from remn wathun the
body ot 1ts injection as such causes arseriolar constricuon, carduc
augmentauon and incressed artenal pressure When 1njccted uito
normal persons 1t produces hypertension with many of the chineal
o of essential hyp The diffetences are small
but real they perhaps depend on the rate at which the sumulus 15
provided—suddenly m the normownsise and by slow adjusted
mcrement with chance for adaptaton in the bypertensive (Fig 7)
The problem of the pressor system 1s complicated by the fact
(1) that angiotontn s readsly aleeted or destrayed by proceolssic
enzymes widely distnbuted throughout the body Some which act
sn vitro under condions compatble with acunvity m yno ate con

centrated 1 the hudney From this aspect chese enzymes ate gen
eally referred 10 a5 angiownases Thus
of excess ib of renin ab 1

apart from the possibsiy

acc of
i blaod may depend on failure of the mechanism which destroys

1t

Follaw g dhe miual obsenvation of hohlstaedt and Page that
renun requires a substance contained i plasma for is pressor acuon
Braun Menendez and others of D Houssay s snsutute 1n Bugnos
Asres independently developed a sumatar concept Their nomencla
rure differs i chat rerun substrate 15 spohen of as hy pertensinogen
Angiotonin as hy pestensin and angiotonase as hy pertensinase
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RELATION OF EXPERIMENTAL Rer AL 10 CLINICAL
EssENTIAL HaPERTENSION

The presampuon 15 thac expermmental renal bypertension 1 the
cesulr of eacesst ¢ renal pressor actnity However the exace mecha
ousms are not fuily eswablishied It 15 not oo much 1o suppose that
prumary renal {glomenilonephrine, pyelorephaiue) bypertension de
peods on the same mechanism ‘The climeat 2ad pathologic sim
Janues of renal hypertension and of esseaual hypertension wih
senal anuolosclerosis suggest, but do not prove the operauon of
the pressor system 1n Jate essenual hypestention.

The transwon from the spectal condsuons of pyeloncphrins
and glomerulonephrius which consutute the bufl of undisputed
tenal hypertension 1 man to cssential hypertension 18 pot easly
achueved Typically 1 early hyperension the solute content and
~olurse of urine ate normal Renal excrerory function 15 to out
ward appratances undisturbed Indeed the conceps of essenual
hy pertension and s separation $rom nephrus depend on dus fact.
Further the augmal coaceps of expenmental remal hyperccasion
ncluded the view that 1t developed and persisted because of renal
chrmua € anvolved the belief that hypertension 15 a compensaion
for a reduced volume of tenal blood flow Bur schema, 2 defaiency
of blood flow sufficiently abaoemal 0 excite an endocring mecha
nism should also fesult 1 some decrease of excretory funcuon in
an organ which has to do double duty Nesther hustologic nor func
wonal examunatons 0 cases of ealy hypertension dicate that
sschemia 15 present rather the methods of measuzement of retal
blood flow d:{vdopcd’by Smuth tndscate 1n his hands as an ours that
:;:;nu;o ‘|‘s 0“_: y absent or d bly sccondary Renal

ypestensive subjects 15 often increased dunng the
sclerosts and ;c u;w that )cxr st e primary mole of astecolo
pertension 1s a compensation for renal

.
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1schemia due to arteriolosclerosts (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 sschemua and numenically Jess common, another

Renal Blood{Glomerutat | Filtration | R R R Pm
Flow Futration | Frachon A E
2 -
g ! 2
=3
2
8
2
2 wf
g
g 2 &
= 08 J
& - €
& - N
H 4
4
% 06 0
° Mean of 1he two groups —— -
5 Mean of 1he Spinal Groups . =
T 44 Meon of the Caudal Groups~~ =

FiG 8 —Renal hemodynamics 1 hypertensive pavents duting high caudal
or spinal anesthesia rano of experimental to control levels Despite a diop o
arterial pressate P 1nto the normal range tenal blood flow 1s increased be
cause of decreased vascular resistance R both afferent Ry and efferent Kp
A residue of ab afferent I ble to 1 lerosis ac
counts for most of the fall sn filtranon rate and fraction The data demonstrate
(1) the flexibility and of the hy s renal vascular bed (2)
that by 15 not a ¢ for renal losclerone wschemia and
(3) that a decrease 1n blood pressure does not place fenal function i jeopatdy
(Courtesy of Am Heare } 36 226 1948 )

not due to primary renal factots or to renal ischemia sufficiently

widespread to consutute the great chincal 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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or excretory defect either by senal artenal constrzction or by :c
compression of the hudney 12 the scar of penacphnius Swnce this
1 15 undoubtedly renal and pl bly the effect of
m:al pressot actnity the ndep dence of tenal p docrine
and excretory funcuons 15 established. Thus 1 5 possible for the
renal mechanism to operate in the chnically sigmficant hypertensive
states and 1o the absence of ischerma. However all expenmental
methods producing renal hypertension depend on procedures which
may ia some way modify the flow of blood through the hdney
The nature of this change was hiated at by the observauon that
conversion of tenal blood flow from a pulsaule to a continuous
gpe with matacenance of constant renal blood fow sesults 10

Liberanion of renin 10 the isolated hudney which secondanly be
comes 1schemic

Thus while renal hypertension sometimes persists n the absence
of renal 1schemia there 1s usually a secondary decrease of renal blood
flon This oceurs because of arterolar consttiction affecung both
afferent and efferent arterioles The humoral vasoconstrictor which
causes this i5 bly ang At least ang has such
an effect 1n normal dogs and human bengs Whether or not renal
vasoconstiction results 1n resal schemia depends on the balance
struck berw een 1ncreased renal resistance and ncreased artersal pres
sute Ulumately as structural lesions advance renal 1schemia must
occur 2nd places hife iself 1n peril Loss of ussue and of excretory
funcuon dhus finally presal whie the organic arenofar disease

they depend on probably accelerates the cycle of arculatory dys-
funcuon and pressor acuviry

The stage 1 the course of essenual hypertension at which the
renal pressor factors become significant sustamng 2nd perhaps
dominant 1 not easily esumated. Patents who dre of hypertension
almost always show renal artersolar sclerosis whereas this fesion 15
unCommon 0 normotensives even 10 advanced age The conclusion
that tenal arteriolar sclerosis ss the genenc factor 1n hypertension 15
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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

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
given are means The data (1) tbe noumal patera

of renal funct on in carly hypertens oo with only increased afferent resistance (o bl
(2)"decreased renal funcuonal stacus 1n establ shed essenual hyperiension and 1n the mal g
nant syodrome w ch loss of secrewory capacy (T, 1) as measured wich diodrast? jod 0

a gre ter decrease n renal blood fow (evidenced by decrease in the functon renal blord
How/Tm ) and because of efferent arteriolar constrection and increased intcaglomerulis

pressure an tncrease in the volume of filtrate per ua ¢ of res dual secretory capac oy Note
also che increased toral repal vascular res stance (per unt TmD ,) as the disease advances

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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renal change tend also to reteat from the artenoles to d(\c renal
anery and suggest that 1o many cases an adequate sumulus—en
arely anslogous to a Goldblatt clamp—s to be found ta athecom
atous paruzd occlusion ‘The ewdence has been analyzed by Yuile
who nates 1t 15 appasent that atheromatous plaques 1 the renal
anenes usualfy associated wich severe athetosclerosts 1n the soma
and elsewhere occur in a hugh percentage of individuals with essen
tal hypertension However a conucal analysis of the ewvidence
would seem o favor the view that these lesions are secondary ot
incidental to the hypertension rather than causatve 1 all but the
few wnstances 1 whach renal artenolar sclesosis 15 absent. Thus
morphologic evidence of renal vascular discase as the primaty
samulus to hypertension 15 not cbtanable in most cases

The ocher avenues of pathogenests funcuonal rather than
morphologc ate more difficult to establish because the approach 1s
not s objecuve as that of histology Further functional concepts
have sull o fight a two-front war formard nto the unknown and,
at the tear fending off dwe wadional demand for easily demonstsa
ble pnimary structural change The mechanisms by which changes
of acuviry g Jy normal bue gy ly hy
petactive became fixed at hugher levels of supme tesung pressure
can be only vaguely visualized as 2 combination of neutal neuro-
humoral endocrine and possibly renal factors As prehypertension
passes 1nto early hyp the only & ble renal abnor
mality 15 constriction of afferent arteroles Such a state could be

enutely a funcvonal disorder due to neurogemc vasomotor imbal
ances

The pattern of renal blood flow differs from this 1o the typical
case of essenual hypertension 1 which faling adjustment 15 re
flected n retnal arenoloscleross cardiothoracie vascular disease
and tenal njury Absolute reduction of renal blood flow 1s common
and the rate of flow per vt of secretory capacury 1 usually less
than normal seceetary and concentraung capacines are diminished
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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 1n 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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fespond to changes w the solume 20d dstrbunon of blood fow
<o thas, o a disease characterized by vasculag wjury some 285003
ton of pressor and excretory funcuons 15 ©@ be expected

Tue STRUCTURAL AND FUNCTIONAL CHANGES

The renal changes 10 hyperrension secm © develop 10 mesging
shases of funcuonal and strucrural abnormality which finally alees
blood flow The stage of eatly hypertension is chatactenized by
\asoconstricon localzed 1w afferent attenies and artenioles This
\asoconstricion commonly balances the inctesse 1 artenal pres
suce so that zenal blood flon glomerufar flianon fate tubular
nutniwon and funcuon ate quanutatnely normal In thus phase
tests wifl show that eactetory funcuon 1 completely preserved.
Persistent astenal hypertension 1o man 3s in the rat 15 one pre
samptive cause of accelerated arteriolat sclerosis At about the ume
sclecosss begis the acuvity of the renal pressor system probably
begins to add to the exusung arteniolar vasoconstncuon  cardiac
augmentation and creased artertal tension n the hadney 1
causes constricuon of the glomerular afferent and efferent arterioles
The added afferent constrsction tends to decrease glomerular £ltea
uon pressure whule efferent copstricuon restares 1t to and above the
normal The pawred constrictions increase renal tesistance to such a
degree that despute increased amenal pressure some decsease of
renal blood flow commonly resules Were it unaccompanted by any
ather change decreased blood flow would tesulr 1n a concutrent
dfcxease i excretory funcuon However the increased sntra
pressure of by q on effetent ar
tetiolar copstrscnon maintatas those aspects of excretary funcuon
which depend on filwaton even in the presence of ischemia Filtsa
e e, s e e o 1 e
o e e of o ;:qucn y n({ests of funcuon which re
o emat e § r bleaton often yield sormal values
ry and nchemia are well 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 exudative and necrouc 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 tesults 1 greates proteInutia han 15 common 10 the atrophy
of essental hypertension. The condensaton of thus protemn 1 the
fluid of poorly fuscuoning distal tubules somenmes permanenty
obstructs them. The other factot leading t0 ubular obstrucuon 15
due to the proxmity of the macula densa of the dstal comvoluted
cubule to the afterent aneno'e. The lesion of this artenole 1n ma
lignant hypestension 13 necrouc and exudauve the exudate suf
sounds binds and obstructs the wbule even when it does not 1y ade
the Jumen of the artencle Elsenhere 1 the parenchyma the ac
celerated ischenuc atrophy of the malignant phase results 1 acc
mulations of macrophages and plosma cells which gnve the ussue

the appearance of an ‘aflammatory exudate These diseeh the
reticular copnectine USSUE and leave occluding scars of abnormal
stroma m theit nake

Thus the appearance of the fadney 1n hypertension may be
sholly normal or the parenchyma may be normal with beginning
afferent arterolat and arenal sclerosis 0F the tubules may be
parchuly atrophic with more advanced anerolar disease In malig

nant hypertension the rate and degee of u sue loss ase greater the

artenolar lesions more acute and exudatve and the type of renal

tussue damage hydronepheotc and almost nflammatory as weil as
sschenuc

SELECTION AND USE OF TESTS TO MEASURE CHANGES

The putpose of a test of renal funcuon 15 to reflect the charac
ter of the renal lesion 115 wtensity and the probability or presence
of tenal failuce ‘The achievement of this objecuse s dependent on
the chowe interpretanon and repettion of tests.

The nawre and technue of tests of renal function have been
developed 1o astorushing levels of accutacy through the efforts of
Addis Van Slyke and Smuth. Howeser selecuon sull depends on

the cxt‘Emal condsons of the physicrans pracuce Tests which can
be p d using office equip are (1)

of pro-
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teinur, (2) counts of unnary sed and (3) deter

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 practice will be considered 1n some detarll 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 Specific 1ndications 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 notion of the approximate ¢on
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 centrsfuge nd that of Shevhy and Stafford
which does The latter (p 367) 1s more rapid 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 hnown 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 nflammavon of the lower urmary tract Renal pro-
tesnuria may resule from ischemic glomerular capillary injury 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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teabsorb the small amounts of protein normally present 1 m]b:i?r
fud such protenuria s twholar A glamerular ongin 15 more ke ,)‘
1w hypecteasion The glomerulat mjury of which pru(cmu‘l\‘u B
indicaion may be funcuonal and due ta vasospasm—in which case
1t 15 fucniaung sometmes transient 3s duning pressot sumufauon
—or largely structural the sesule of preglomerular sclerosis when
1t 15 constant, somenmes progressne Scleross proceeds ©© obliera
ton of the glomerulus so that protenunia ceases 1 one whbule ©
appear in another as uts glomerylus begins to be affected. Conse
quently the protemusta of hyperension never reaches the lesels
which are commen 10 gl lonephnus and eclamp 0%
emit 1 which blood flows more or less freely over large groups
of severely njured glomerufar capiifasies A common rate of pro-
tetouna 10 hypertensives wath renal vasculas wpry 15 05-1 Gm
per 24 hours Values rarely exceeding 5 Gm appear when renat
myary 5 wad d because of wal hyp Higher
rates suggest the presence of some other disease {glomerulonephrs
us eclamprogenic waemi, amylodosis wntercapillary glomeruio-
sclerosss) Qualitauvely protenunia points to renal vascular injury
quanutatnely 1t indicates the rate of renal inuty when very se
vere 1t paines t6 a dragnosts ocher than essential by pertension

2 Sediment count ~Study of the erystalline deposts 1n unne
1s not of direct intetest 1 cases of hypertension But the organtzed
sediment of unne the red and white blood cells epithelum and
casts, has the character of a renal biopsy frs deseripuion lke that
of may be or The semi
quanutative exanunauon 15 made by mictoscopic inspection 1 a
drop or under a caverglass of the sedument from a centrifuged
specimen The description here 15 1 terms of the numbers and gpe
of cells per igh power field. Thas method does not serve for more
than rough comparson when urine volume and concentrauon and
the technuc of observation vary

A quantitative more panstalang and much more worth while
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measure of the sediment 15 obtaned by the method of Addss (p
368) The principle 15 to collect urine during a umed 1ntenval and
1o determmne 1n this specimen the output of protem and the aum
ber of formed elements Fluids are usually restricted durng collec
uon for two reasons (1) the test 1s often done concutrently with
measutement of maximal specific gravity, (2) red blood cells and
hyaline casts disintegrate i dilute neutral or alkaline specimens
but persist i spectmens which are hypertonic and acid The unne
1s aad during most oligurins including that due to flurd restriction

Although as many s 2 000 000 red blood cells per 24 hours

TABLE 12 —CoUNTs OF URINARY SLDIMENT IN HEALTHY SUBJICTS
(MODIFIED FROM NAERAA)

LTUROCYTES PLUS
AUTHOR RED BLooD CrrLs | EPITHLLIAL CELLS CasTS

MILLIONS MiLLiONS THOUSANDS

Addis 0-04 (006) | 003-18(032)| 0 (1)

Goldnng 0-15 (016) | 0D02-34(065)| 0-9 (06)
Naeraa

Healthy adults 0-11 (013) [ 0o1-1 (10) 0-9 (20)

L Algedadults 0-23 (075) | 019-2 (08) 0-15(70)
ytle

Children 0-013 (001) | 001-25(03) 0-12(1)

may occur in the urine of a healthy petson the practical uppet Timue
of normal 1s 500000 (Table 12) Lesvels lugher than 500000
suggest the advisability of repeated determinauons The red cell
count has great value 1n glomerulonephrius since st reflects the
acute exudatrve acuvity of glomerular irritation Hematursa alone
has less significance 1 essential hypertension 1n which mereased
red cell excretion 15 the result of preglomerular injury which also
causes protemnutra The bursts of hematuna ( renal epistaxis )
which appear and rapidly subside 1n certain cases of severe essen
tial or malignant hypertension are exceptions to this rule These
presumably are due to acute obliceration of a small astery or
arteriole with munor renal mfarcuon They are ominous since they
point to acceleraon of rteniolr disease
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Londocytes and epithelat colls othce dan squamoss cprhehinn
ate counted rogeihes smce they have much the same ‘e and shape
The advent of the pbise MICIOWOPe gHes Promise of more accu
©ate differemtiation of thest cells. A count greater than 2 000 000 pet
74 bours way be considered absorml The white cells may atise
from piaoon anywhess o the wanary act, The <ount should
herefore be dvae before ot at a reasonable wmrerval after genuso-
unnery sastramentuon. Reaal cugn of levhoeytes 1 suggested By
systemmaic exclusion of other fos and by the presence amang them
of tema epithelial cells and of cellular casts The unminy {edacywe
count m estatial hypettension withour urogenttal miecvion 1 rot
comsonty abnormal It vanes with the tate of reaal vasceolst smyary
and therefore with protenuna 1nd hematunia, When the nyury s
sert, and rapdly extending and assumes the charactes of an
exudate as 31 mahgnant hypertensson the usinary sediment may
reflect this change Chuefly the count 1s of most value i draning
atteraon 1o assocrated urologie afecuon It should be recog mzed

e whran e peloaephnns is not encluded by the absence of pyutia
o0 @ single test ot even on repeated tests

Cslindrurma 15 abnormal when the nunber of casts 13 greats
than 10000 per 24 hours fn the presence ot other abnosmalities
af the sediment 5000 casts per 24 hours may be considered sbaor
mat w mA t peaple The cast 15 formed in the collectng and dasa)
tubules tiam condensed unmary protein and ¢els The proten 15
esther of local rntatie o of glomerular ongis Commonly 1t 55
glomerular and ¢;hndrurta 15 associated with protenuma Sow 1
ey of ane nephtan which leaves s pesghbons aue sk as o
curi 41 Bjpectension may tesult 1 cphindnira which seems onr of
Proporuon to the accompanying proteyuna, Cshiadruna also de
pends on the concentranong of vrnary solutes {uces electrolyres )

the pH aod as Olwver suggested 2 cacbobydsate factor simular ©
ch;n)dlmm which seems to be secrered 1 the collecuny and disa)
wbules
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The potnt of junction of distal convoluted and collecting tubules
1s narrow Plugs of protemn condensed 1n the distal rubule may be
prevented from escaping while similar condensations formed m the
collecting tubule appear in the urine as casts Those which do not
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
conditions which result 1 the formation of a neutral or alkaline
urine This result may be obtained by ncreasing water ntahe to
about 3 L daily and, in the absence of uremia, by admimistering
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
sarily of renal ongin Their association with red and white blood
cells ponts 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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(e characeer of the remal imjury 4nd by sersal counts of changes
10 the rate of progress The grocedure his not wan the wide ac
ceprance ¢ desernes Coleutation of the cauat can be greatly ;“:‘
plificd by the use of Hiess nomograph (p 370 or by dhe me
proposed by Adds 18 Tus booh,

3 Test of wrnary concentratron —The esuumation of unnary
speatfic gravity 15 the oldest quanutatve iest of endl funcuon snd
the most essily pucformed The commen pracuce of measuting spe
osfic gravisy 1 casual speamens bas also made € one of the least
dependable whereas 1t caa be one of the most sensitve sodexes
of renal 1njury mn hypenession.

The spectfic gravity of an aqueous solutop 1s a measure of the
amount of dusnived subsance it contains The abiluy of the hid
neys to form wnnaty flud of speafic gravity aifierent §rom Whay of
intersunial fiud thae 15 greater or fess than about 1 Q10 depends
on osmouc work done by renal cells which separate these fuds
Abyliey 10 do thus work may be measured by inducing water duresss
and measnnng the hyporoniaty of the reswltant unine (dilunon
twse} or by provohing oligur; due (o water deprvauon apd meas
uring the ncrease 1 unoary specific gravity (concentration test)
Esumaton of ddutng power 15 lesy valuable than that of toncen
traung povwer partly because the range of dilunon (1 010-1 0005 )
15 smalfer than the rauge of concentrauon (10101026 o more)

Comparsson of results of concentranon teses shows that the
roethod of water deptvauon must be sundirdred. Of the pro-

Cedures used the AddS west (p 367) seems the most saustactory
and 15 also adapted ta the 1 b

of 1
and sediment count. Specibic gravaty 15 measured 1 the urinc formed
dunng the tast 12 hours of 4 24 hous peniod of fuid deprivauon
The result 15 tecorded as  mavimal ufnary nonproten specific
grauty  since correction 1s made for protemuria. The lower lumir
of notmal cancentracton abiay 1s 1026 rately § 025

The funcuon measured by the test 15 the degres 10 which yane
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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
collectng tubule appear 1n the unine 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 dasly and in the absence of uremi by admunistering
potassium citrate 15 gr 1o the drachm (1 Gm per 4 ) after
meals 1n an sufficient to the morning unne 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 conveys Im
properly performed the count 1s 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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s Tast houts pass duning sleep An efror an interpretiaon [’:‘y bﬂt:::
from the patents diet, which, 35 1 the tice diet may h ;\ L\m
mally deficient 10 protein and salt so that those salutes w hen
cribute most 10 specfic graviy ured and salt, are lacking In s

s 2 3§
&FR s 8 3 3

N T W % O Ny
§ § 34338

Fia 9 —Scattergram of glamest ar filtrauon rates and concurrent maxmal
unnacy concentrating power for 116 pac ents with essential hyperieasion 53 10
the mal gnant phase {open £l s} The verucal and honzontal bass indicate
fower | mus of normal for eack fuoction, The satter demonsrates the tendency
£0 luse concentsanng powes while Maintin ng normal or aeatly notmal sates of
glomerulat hltrauon

patizats as 10 those who are excessnely hydrated che renal cells
ate nor tully sumulated by the rontne of the test.

The result of the test should not be wterprered directly 1n tetms
o rubular integnty or njury wichout 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
degree by starting the period of water deprivation at 8 AN so 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.
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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 deliver
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 oniginally 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 1 urea 15 equal to the amount of urea excreted 10 onc
minute Thus if the unne formed 1n one minute contains 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 twrea excreon Blood urea 1s present i soluuon 1 plasma and
red blood cell mater Some 20 per cent of the plasma water Witk
s conaned uea 15 filtered through the glomerular capilianes
1€ Bleragon rate 15 125 ce per munute and blood usea nutragen 10
mg per 100 cc the amount of urea filtered 15 123 mg per munute
Thus urea clearance if 1t could be measured at the glomerular
extt, would be 125 cc per mupute that 1s equal w the mte of
glomeralar flerswon 16 1s pormally less than filtranon rate be
ause utea 15 a small molecule which diffuses rapidly and easily
dirough cell membranes and 35 thus pantly seabsorbed i the renal
whule during reabsorption of water A high rae ok unne forma
won espeaially as it begins depresses reabsorpuon and thesefore
bungs urea clearance close 10 fliranon rate Obguna with slowing
of the tubular seream, permuts more urea to be reabsorbed 50 that
urea clearance 1 further reduced from filtration rate At a steady
or falling utine Bow greater thap abour 2 ce per minuge most peo-
ple reabsorb a furly constant 10 per cent of the hitered urea. Urea
clearance 15 therefore about 75 ¢¢ per munute. At a steady ungne
flow of 1 c¢ per minute rather more than 50 per cent of filtered
urea 15 reabsarbed and urea clearance averages 95 ce per munute
Urea clearance measured at rates of urine flow greater than 2 ¢ per
munute 15 tefmed  maximal clearance  while that measured at loner
rates of flow 15 rermed  standard clearance  Measutements are
either case expressed 1n percentage of average normal Particularly
at hugher rates of unne flow which ate constant or falling when
the pauent 15 at rest and the urine collecuon complete resulis of
this simple test ate temarhably reproducible The range of vana
ton bers cen diffetent people 15 about 70-140 per cent of normal
Thos urea cleatance depends on teo processes glomerulas fil
tration and whular seab.orption Tubular secretion of ureg of
occuts in man probably has e sigaicance on the 1esult of the
test The precautions taken to stabilize yrine flow ate ntended to
obviate varations of rubular teabsorpuon so thay the test will
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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 about 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
termuinations of blood urer 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 utea excreuon Blood urea s present 10 solution i plasma and
red blood cell wates Some 20 per ceat of the plasma water wich
\ts contaned urea s filtered through the glomerular capillaries.
1f Gliration rate 15 125 cc. per minute and blood urca mtrogen 10
mg per 100 cc the amount of urea filtered 15 125 mg per muauee
Thus urea dearance if 1t could be measured at the glomerular
exit, would be 125 cc. per sunute that 1s equal to the rate of
glomerular filtrauon It 1 normally less than filration sate be
cause utea 15 a smalt molecule which diffuses tapidly and casly
through ccll membranes and 1s thus parly reabsorbed 1 the renal
tubule duning reabsorption of water A high rate of unine forma
uon especially as it begms dep bsorp and thereft
brings urea clearance close to filtrauon rate Ohigura with slowing
of the rubular stream permuts more urea 1o be reabsorbed so that
urea clearance 15 further reduced from fltration ratc. Ac a steady
or falling urine flow greater than about 2 ¢ per minute most peo-
ple reabsorb a fairly constant 40 per cent of the filtered utea, Urea
clearance 15 therefore about 75 ¢¢ per minute At a steady urne
flow of 1 cc per munute racher more than 50 per cent of filkered
urea 15 reabsorbed and urea clearance averages 35 cc. per minute
Urea clearance measured at rates of urine flow greaces than 2 ¢ per
muoute 1 termed  maxunal clearance  while that measured at lower
rates of flow 15 termed standard clearance Measutements are 1n
cuher case expressed in percentage of average normal Pamcularly
at tugher cates of urne flow which are constant or faling when
the patient 1s at rest and the unine collecuon complete tesults of
thus simple test are remarkably reproducible The range of vana
uon between different people 1s about 70140 pet cent of normal
Thus wea cleatance depends on o processes plomerular §i
traton and wubular resbsorption Tubular sectetion of urea Jf it
:;\ll;h\: rn:;r:a pmbablyk has Liede significance on the result of the
el Emu:;m:; u:“ ;:[:: stabilize urime flow are atended 10
reabsorpuon o that the 1est will
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serve as a measure of the rate of glomerular filtration Variations of
urea clearance from the normal are therefore nterpreted 1n terms
of glomerular filtration When the number of glomeruli 1s notmal
filtration may be depressed by increased renal ussue pressure,
glomerular capillary injury or a decrease of hydrostauc filtrauon
pressure Filtration pressure may be deptessed by structural or func
uonal abnormilities of the arterioles and especially by any inflx
ence which reduces the lumen of preglomerular vessels Alterna
uvely decreased filration may reflect a decrewsed number of
glomerult, unhke concentration power this decrease continues a8
the number of glomeruli decreases to the point where Lfe can 0o
longer be sustained

At the stage 1n hypertenston which we consder funcuonal
renal blood flow glomerular filtration rate and tubular funcuon
are normal as 1s the urea clearance When later filtration pressute
ncreases and renal blood flow begins to decrease urea clearance
may stll be unchanged Renal blood flow 1s less but proportionately
more urea 1s being filtered The progress of vascular injury reduces
the number of glomerult and the rate of renal blood flow so that
urea clearance 1nd filtration rate decrerse despite creased filtea
uon pressure A decrese of uren clearance to below norml there
fore usually implies widespread renal vascular damage In mabg
nant hypertension 1n which renal mnjury 1s partcululy severe and
rapid the progress of the disease may be estimated and prognosis
guessed by plotting monthly detctminauons of urea clearance
agamnst time When the power to concentrate unne 15 lose the sub
sequent decreases of urea clearance reflect the further progress of
renal injury Urea clearance of about 20 per cent of normal sug
gests that renal failure 1s likely and a rate of 10 per cent 1s usually
associated with uremua A low rate of urea cleatance may result
from a temporary reverstble decrease mn glomerular fileranion such
as may occur in heart fatlure or in the hypotension which tempo
ranly follows myocardial infarction In such cases the urine formed
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wall usually be small n volume and hugh an speaic gravity Disso-
acon of utea Clesrance and toncenmatng, power of this fype 15
therefore Trequendy an ndex of  exvrarenal dissbiliy The com
buned measutement of concentranon tests and ured deasance pro-
‘ides che physician s most sefol approach to the derermination of
regal function 10 hy periension.

Th generalizsuon that concenuating power decreases before
uzen ceatance has cestan excepnons In some Casts, he o st
fail proporubnately of clearane 18 the mose affected The pattern
ot predomupantly falsng cleasance 15 more common tn glomerulo-
nephrius and pyelonephsius than tn typital wetmid hyperenuon
Etderly bypertensise papents whase disease 15 Yargaly arenoscleror
1c, and octasional panents with malignant by periension Wl masn
tamn concentraung abibiry when clearance 15 significamly decreased
Appatently here the reducton of glomendlar fltrauon rate pio-
ceeds as rapudly or more rapidly than concurrent mowar damage
It may be that the abnormal hypestrophuc nephrons which form
1 the wake of glomerular anjury someumes lunction 1 concen
trauon but not 1n clearance

5 Filtrauon rate Renal blood and plasma flou Tubiler ca
pacty —~Esumates of the levels of renal blood flow glomerular
fifteanon rate and rubular secretory capaciy bave been mtroduced
repeatedly o dhus discussion of renial tpury s hypectension This
aouid have been 06 more than a presumptuous guess a few yoars
g0 The change has been accomplished laggely through the effores
of Dr Homer Smuth and hus colleagues of New Yorh Unnersip
Theu applications of the concept of clearance PCSEIT 3 10016 Com
plete visualizanon of renal aradlatory and strucrral function thay
s avatlable for any other organ
“ug"f:::‘r:‘:;;hm “1"“‘ ate not widely used Parly this 15 be

pastly because they are wnconsenient to the
Phgsmm and uncomfortable 1o the patient, siace catheterszanon
and mravenous mfusions are required. The nformation they yeeld
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seems to us to more than balance these objections Detals of spe
aific tests are presented 1 the Appendu, page 576

2) Glomerular filtranon rate Certamn substances, norably
mulin are characterized by the fact that when injected mirave
nously they go 1nto solution m the plasma water, 1re 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 Uninary inulin equals the amoune filtered,
the amount filtered 15 the equivalent of 130 cc 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 plsma inulin clear
ance (the least plasma volume equivalent to one munutes urinary
excretion) of 130 cc pcr munute 1s also the aceual volume of
glomerular fileration 1n cubte centumeters per minute

b) Renal plasma flon Other substances notably dodrast®
hippuran® and para aminchippuric acd are eacreted 1 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 filtrwe The remainder—of diodrast® roughly 85 per cent of
that which was present in renal arterial blood—enters the peritubu
lar capillaries and duffuses mto the renal tersutal 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 flwid Apparently
none 15 reabsorbed Thus the blood which flows on mto the renal
vemn will contain only as much diodrast® s will bring 1t mto equt
Iibrium wath renal ntersunal fluld 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 plesus The urme of a normal person will in dus
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F16. 11 —Schemanzanon of 1aylin and diodrast® cleasance and of measure

mene of tubular secretory capacaty for diodrast® (d odrast? Tm) In the case of
Jaulsn 10 mg 15 assumed to be p esent 1 100 cc. of temal asternl plasma 2 mg.
18 filgeted from each 100 cc of plasma, leaviog the equivalent of § mg. per 100
¢ i efferent arce olar and perubulat plasma none 15 reabsorbed but nearly
a1l che bliered water s cestored lea g the concentraton of inulin at 8 mg.
per 100 < in renal venous plasma. One m nutes urne cont ns 13 mg of
e tus s the equvalent of 130 cc. of renal anenal plasma the remal
plastn clearance of aul a 15 thus 130 . per minute The schemanzation 1o the
case of & odrage af low plasma levels 3s sumlar In the ase of diodras® Tm 2
tenal artet al plasma concentration of 50 mg. pet 100 cc. 18 assumed. koowfedge
ot glomernlar Gliration rate plasma d odrast® concenuraton and plasma protesn
Ievels guelds the datum chsc 28 mg. of diodeast® appears 1 che urine zs the
sesult of filtrzuon the ut nary diodrast® excretion equals 80 mg per minute
the differene (60 mous 28) 15 52 wg per Minute This value represcats the
max mal secretory capacty of the wbules for d odrast® Diodrast® valyes are
© pressed a5 mill grams of diodrase? 10dine

Inun and b osulfate (S Oy) are excrered 10 an identical manner and pats
ok ppurate {PAH) and dodrase® also correspond. Mannuo! is subject 10
st gh reabsorpuion and cannot quute be w.ed antetchangeably wich 1nulin Appar

€ent Mann 1ol teabsorpuon 15 about 10 per cent. The pumencal detail of the
:;: ;idl a:(’l;m) hgure wonld requure shght changes of PAH were substtuted for

prnapally because the mean normal tubular secretory e fi
PAH (Ta,, ;) s about 80 mg per m fure ry apaary for

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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pet munute) 15 the feabsorptve capatity of this wbular system
215
(F!ng::) c:m:;ts)x\: have presented of renal blood flow and func
ton 1 hypertension depend lazgely on the application of these !c:;s
Thewr present restracted use does not seem 10 safy ehbomcsc e
scaipuon of our results Detailed discusyons are prov 1ded by Smuth
and by Goldning and Chiasis ‘They have observed that panents with
essenual hypertension may show depeession of wbular secetory
capacity while filtration rate and ability 10 reabsorb glucose are un
mpured The mechanism of thus dissociation of funcuon s un
hnowa although 1t serves as an example of the detail with \hich
fenal funcuon may now be visualized. The sigmificance of these
tests seems to us to lie 1 the fact that chey provide measures of
tenal blood and plasma flow of glomerular filtration rate and wbu
lar funcuon from which estimates can be made of the character
and extent of renal vasoconstricuion and mjury i the course of the
disease These esumates senve as bachground on which the results
of simpler tests may be visualized duning their rounne application

I RENAL FAILURE

The probabihity that accelerated arteriolar senescence of hyper
tension sl progeess o a faeal defece of eactetory funcuon may be
suggested by the complaint of noctuna the appearance of anemia
or better esumated from successine tests of excretory funcuon No
other clues fll the gap between the least and the last degrees of
renal mnpury In the mterval the residue of renal funcuon 5 ordi
nanly suffcient to mamtata the composition of the body fluds at
levels consistent with well being Indeed so charactenisuc 15 renal
arteniolar sclerosts 1n hypertension that progress toward renal fail
ute 13 nexorable unless the disease can be tadscally altered by teat
ment or as 15 more common cut short by an extrarenal cause

The loss of renal parenchyma 1n hypettension s the resyft (48]
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of restriction of blood flow, functional and structural, and (2) of
intersttial exudate and fibrosis to which may be added (3) whular
obstruction, either etrinsic from exudate around necrotizing ar
tertoles or intrinsic due to proteinuria (p 269) The first acts
almost alone 1n essential hypertension and usually at a slow pace.
In contrast, 1t 1s much more severe n malignant hypertension 10
which the second and third processes also become conspicuous This
summaton of factors speeds the onset of renal fallure so that
death occurs from this cause 1n abour 60 per cent of hypercensne
pattents who develop the malignant syndrome and 1n only about 5
per cent of those who do not In fact renal failure in esseaual by
pertension s all but limited to a few whom fortune has presened
from fatal cardiac or cerebral njury unul they are overtahen by tt
at about age 65

A disproportionate 1nterest 1n the renal structural lestons with
only passing consideraton of clinical course and assocated sys

FIG 12 —Photomicrograph of a small sprig from Neoprene cast of a normal
kidney 1ncluding termrnal interlobular artertoles glomerular arterioles glomerult
and 1n many places the snterrubular capillary plexus. The artenes show &
smooth contour with tegular and gradusl dimioution of caliber afferent
arterioles come off at regular intervals and 1 about normal abundance with
practically no spurs on the arteties to represent occluded afferent artetioles The
white balls represent fully 1njected tufts of gl ! 11 the threadlik
networhs especially at the periphery are intertubular capallary plexuses Both
Lidneys appeared grossly normal the opposite kidney was also normal mucro
scopically

F16 13 —In contrast to the normal specimen this cast of a nephrosclerouc
kidney shows slight and rather inconspicuous irregulanity 1n contours of the
interlobular arteries especially near their terminations Most strshing are the
reduction 10 total number of glomerult tnjected the irregulanty and general
smalless of their size and the Jong stretches of artery i which the former
sutes of glomeruls are represented only by small spurs believed to be remnants
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
heatt disease who died of progressive myocardial failure Both hidneys appeared
alike 1n the gross the opposite one showed gross and microscopic pictures of
moderate arteriolar nephrosclerosis (Courtesy of Dr G Lyman Duff and Dr
R H More Pathological Instiute McGll 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 fluids 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 climical symproms and s1gns and (3) the demonstraucn of a
great degree of tenal patenchymaf [oss

1 The preapiraung tilness As we have seen malignant hyper
tension commonly results i uremia whereas in uncomplicated es
sential hypertension usenita 15 fare The prescnce of mafignant
hypertension may be established from the hustory and physical ex
amunation 165 disunction from termnal glomerulonephrius 1s made
by the hustory tenal findings and the greater degtee of ard;ono‘fuc
and cercbral disease Conversely the diagnosts of gl !
us 1 suggested by wtense defects of excretory funcuon (p 76]
Defition of the nature of the lesion 1s umportant, since dus may
significandy mfluence the duranon and character of the uremc
suate Thus, the urema of malignant hypertension 15 stosmy  beief
and accompamed by cardiac and cerebral jury while that of

1 hrius may be pralonged for mondhs and complicated

by remediable acidasss and hypgchlcremm. ’,

hnowledge of the preceding illness will also aud 10 excluding
the acute and pseudouremias of acute nephiits, eclampsia and
hypertensive encephalopathy These forms of cerebral disturbance
bave nothing 2 common with true uremia. Since they are usually

easily disnguished from it, the term uremsa should not be applied
o them.

2 Symproms and signs Because 1t 18 not complicated by severe
extrarenal disease the classic and characterssue form of uremia 1s
that which slowly supervenes i essential hypertension or 1 ter
minal glomerulonephrins Here the onset 15 msidious Most of the
symptoms anse in dusturbances of central nervous system funcrion
The sequence begins with weakness and anemia, Later anorexia
teads to loss of weight and progresses to nausea at the sight of food
and vomiung after eaung Headache appears or 15 intensified and
extended through the 24 hours Dulness an

d apathy alter the per
sonality Verngo may be 4 D P

g Der ly ad
1ances tto coma but may be replaced by toxic dehirum at first o¢




288 ARTERIAL HYPERTLNSION

casional and nocturnal and later persistent In a few pauents, 2
toate psychosis with organized paranoid or melancholic trends 2p-
pears (folie brightique) Recognition of che eume of onset and the
natute of the change in consciousness 15 important since the p3
tient s testimentary capacity may be influenced Generalized motor
convulsions are rare at the onset but common 1n later stages when
they punctuate periods of stupor Prurmtus may be an eatly sig
Tood and drug (e g morphine) sensttvities may newly appear and
cause distressing urticiria

The final stage 1s one of deepening coma, vomiung musculat
twitching and incompletely organized convulsions The breadh
foul 1t 15 immontacal because oral bacteria decompose the salnary
urea 1nd form ammonia The rongue 1s coated and dry Gastrotnies
uml distusbance 15 further marked by stomautis and colius with
diarthen Hemorrhagic diathesis with epistaxis subcutancous hemor
rthages and melena 1s common The scratch marred shin 15 melastc
due to dehydration Dyspnet of the air hunger type may appeat a8
the result of acidosts Termunally 1 frost of urea crystals forms over
the shoulders 1nd chest when azotemin 1s 1ntense Percardits, usu
ally painless and marked by 2 friction rub precedes death by a fes
weehs 2t most

This typical pattern 1s modified by the assoctited hypertensive
stite The uremin of hypertension 1ssumes three forms One the
uncommon form of late essentiil hypettension runs a prolﬁﬂsc‘i
course of several months such as 1s described above Acidoss and
hypochloremia may sigaificantly complicate the disease and their
relief will do much to increse comfort and prolong hfe The slow
accumulation of nitrogenous residues results 1n extreme heights of
azotemn and anemua may be very severe

The commonest form 1s that which closes the malignant phase
The onset 15 often sudden extending, over a few dys The course S
rapid bemg completed 1n one to three weehs Azotemua 15 not
intense acidosts and hypochloremia are usually msignificant This
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pattern of renal faulure 15 assocnated with severe cardioaoruc and
cercbrovascular disease In such patients renal excretory farlure 1s
not as severe at the onset of disabiluty as stis i those whose urema
1 not combined wath other factors (p 76)

In certain panents with severe essentsal hypertension many of
the symptoms of uremia appear 1 assoctation with congestne heagt
faduge The degree of renal parenchymal loss may be less than
that commonly associated with classic uremia and the progress such
that 1t seems likely that heart fasfure 15 2 prosumate cause of the
excetory defiar. The preponderance of the cardiac element 15 inds
cated by the excrenon of a small volume of urine whose speafic
gravity 15 greater than 1012 Rehief of heart fallure temporanly
abates the condinon

3 Loss of renal parenchyma This 15 indicated by changes in
blood and urine Uninary specific gravity 15 fixed regatdiess of un
nary volume at about 1010 Protetnura may be very shight The
bulky casts of renal farlure appear 1n the sedunent.

There 15 azotemia measured as increased NOnprotein of urea
anrogen Creannine and guanidine are present ta the blood 1a 1n
Creased amounts 45 are substances measured as phenols Catrying
out the error which first antnbuted uremia to accumulaton of ugea
it 15 someumes taught that uremia may be diagnosed from some sct
level of azotemia. Actually the degree of azotemia at which urema
begins vartes widely and 15 hughest 1n panents whose renal failuce
15 the result of slowly progressve disease Dicr and mfecuon are
two of the most importane determunants of the level of 2z0temaa.,
Homever since there must be considerable impurment of excre
non for uremia to des elop some degree of azotema 15 necessanly
present Roughly dus lower fimie of urenuc azotermia may be set
at about 60 mg of urea nutrogen 2nd 90 mg of nonprotein nuro-
gen per 100 ce of blood

[hcit(:lr:}m;::m of clearance teveal severe functional Joss with
clearance less 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 complications of the uremia 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 in bed need be recommended only as it 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



RENAL FAILURE 291

purpo-es underlying the treatment. In brief we consider st a thera
peutic achierement when the patent walks snto the hospual and
whea hus seay there 15 brief Despate the serious merabolic disordet
of uremia life has been made bearable 1f not enjoyable and the
agomes of prolonged uremia have been av oided

Fading appente often precludes the administration of any
special dret Diets Jow 1n protern but adequate 1n cafonies have been
shown to protect agamnst both azotemsa and uremia Such are the
low protein regime of Addis (about 05 Gm proten per hilogram
body wesghe daily) and modificavions of the nice dict of hempner
1t 15 especully mportant 10 mamtain an adequate volume of urine
of about 2 L. dally Protern free diets of sugar and butter 1re useful
in severe sstuations (Borst) and most imporsant 15 control of actne
or latent mafecion A few pauents scem to have better appetites
when vitamin B complen 15 administered. Siace salt may be lost 1n
farge quannnes owing to mabality 1o concentrate utine 100 severe
restriction of sodium may lead to the syndrome known as hypo-
chloremic uremua, If this 15 suspected determination of the serum
chlonde content will gue the answer

‘The admunistration of large amounts of salt must sometmes
be avoided becguse of the usual immunence of catduac fadure A
compromise must be reached 1 which not enough salt 15 given 10
aggravate the edema of cardiac faure bue sufficient 15 allowed to
prevent hypochloremua In most pauents 3-5 Gm suffices If salt 15
admnistercd wythout equivalent amounts of water the salt 15 re
tamned For thy reason, 1ngestion of salt must be accompansed by
enough flud to insure adequate unine flow

Suntlarly a few patients show excessive urinaty losses of potas
swm with resultant weahness and elecrocardiographic change As
g’y"i:l urine flow 15 gbundans the potassum deficit can be repaired

potssiom chlonde or autrate (2-4 G duly)
d«;::;:;:\u:n (hl:?y of acids foss of base by vomiung and the
mauon of acmonia by the hidneys lead to acdosis It
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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 into 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 commetcially available The dose 1s 186 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 precipstation or complication of uremua by heart fa
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 15 useful in the treatment of the anemnt o
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

slure 15

f termmal



RENAL FAILURE M

warning relatnes or aurses of thewr possibiiy and having “‘-“‘:‘0
able rongue depressors weil wrapped 10 gauze © prevent mjury 5
the rongue when they occut Hyperone glucose (30 per cent A
ghen Intravenously tends €0 Jesser their frequency and sevetity
they continue and cause great distress sodum penobarbitd (3 gt )
tmay be given intravenously

One of the most distressing symptoms of ufemia i5 inIEASe
tchug Unless i¢ 15 reduced of abolshed the pauest 18 muserable
We use pine tat ointment (USP ) Obmindia eream applied freely
to the shin and ergotamune (1 mg  1/60 gr ) otally three ames o
dap

Nausea and vomiung are among the most duficult sympoms to
treat. They tend to be less severe 1f the electrotyte pattern of the
blood 15 hept as normal as possible Glucose gaven by vain aids
greatly  prevennng them. Moderate exercise and fresh aur reduce
thm Some paceas find suching cracked ice soothung Busmuth
submurare (065 Gm ) plus sodwm bicarbonate (13 Gm ) may
aid A useful procedure to aid m overcopling nausea 1S to INSCEt
1m0 the rectum a capsule of sodmm amyul® well Jubncared and
punched tull of holes 1th the potat of scissars

The routh should be kept clean with any pleasant anuseptc
soluon and the lips should be wefl greased with cold cream.,

It distresses the patient 1o be told how pale he looks Ttue the
patlor often © ghastdy To try to overcome this as much as possible
by daily treatment with direct sunhight or itradiation from an ultra
vialex Tamp certainly bolsters the patint s morale

It 15 often posuble and ceraamly desicable by careful thera
pentics to allos the pavent normal sociad conacts and dues unod

wichun days or weeks of the final uremic cama or cardsac falure It
this 1 accomplished the physician has done well

Aopis T A e
clin al classsfication of Bright s disease T A M A 85 163 192
~——— Gl i Y
o :;2:\;1;:“ y} ;};}3:8 r)u Diagnosis and Treaunent (New York The
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increases the nausea and vomiung of uremia By addion of the
dyspnea of acidosts, distress 1s mcreased

Aadosis 15 treated by sntravenous or, when tolerated, by oral
admustraon of alkalinizing sals Two conventently available ate
sodum bicarbonate and sodum lactate Bicarbonate 15 grven orally
1 2 dose of 0026 Gm per hilogram of body weight for each 1
volume per cent deficie from the normal of serum carbon dioade:
combining power It may be given stravenously The dry bicarbon
ate 1s weighed 1nto paper sacks and heat sterilized, the stenle bt
carbonate 1s added 10 sterile water (13 Gm per luter) and infused
The dose of the 13 per cent solution 15 2 c¢ per hilogram (9 cc
per 10 b ) of body weight per volume per cent deticut n carban
dioxide combining power Alternatvely, 1/6 molar sodwm Jactate
solution 1s commercnally available The dose 1s 186 cc per hlogram
(85 cc per 10 1b ) of body wetght per volume per cent deficut 10 cat
bon diox:de combining power Netther substance should be grven 10
a hut or miss manner The persistence of the therapeutic effect should
be cheched clinucally and by repeated determunations of carbon
dioxide combining power An adeq oral or intravenous main
tenance dose walf thus be found

The preapitation or complication of utemta by heart falure 15
treated by the standard methods (pp 210 ff ) There 1s no evidence
that renal insufficiency marhedly decreases the mantenance dose
of digialis However care should be exercised 1n the period of
digitalization  when toxic manifestations may complicate rapid
digitalization It 15 doubttul that mercurral diueucs have any real
place In the presence of renal failure, they may be meffective of,
if effective may only cause serious electrolyte deficit

fron 1s useful 1 the weatment of the anemi of termmal
nephritis only when chronic hemorrhage 15 occurning It must be
given with caution because 1t may do more harm than good by up

setting the pauents stomach
It 1s well to prepare for convulsions during the final stage by
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15 Hypex tension 'L!ld Pregnmcy

THE AGE or chuldbearing overlaps the Jower 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 possibly
nephrosis rather than the introduction of new classes

CLASSIFICATION OF THE TO\EMIAS OF PREGNANC
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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) Glomerulonephrius
(1) Acute
(2) Chsome
¢} Nepheosis
(1) Acite
(2) Chromic
4) Ocher forms of seyere renal disease
Group B Disease dependeat on of peculizr to pregancy
1 Pre ecampsia
#) MM
b) Severe
1L Eclampaa
4) Coovulsive

b) Noncomvulsne (e coma with findings ac autopsy rypical of
eclampsia)

Group ¢ Vomiung of pregnancy
Group D Unclassified toxemias

The classificanion deals with two majos groups of cases 1
which pregnancy and hyperrension ate assocsated group A hyper
teasive, sttes not peculiar to pregnancy and group B syndromes
dependenc on pregaancy namely pre eclampsia and eclampsia
Altestautly the syndrome dependent on pregnancy may be super
imposed on prepregnant hypertension

Essential hypercension o prehypestension present belore the
end of the fourth lunar month of ptegnancy may be modified
one of three ways by the processes of gestanon (1) In about half
the cases 1t 15 unchanged of 15 modied only by the physiologic
pattern of pregnancy (2) In a dhurd or more of hypertensive pa
tents the blood pressure may decsease sameumes neatly (o normal
fevds usually berneen the eghth and the thirty second weeh the
prepeegnant arterial tension 15 resumed It 15 unportant not to mis
take the nsc i wnsion durng she last months for pre-eclampuc

toxeria Nevertheless 2 nise 1n pressure should be carefully snudied
sifice (3) abour a durd of hypereensne pav

o : ; avtents develop pre
ampsia or eclampsia usually after 03 =
AN
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1 Those whose hypertensive state 1s 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. It seems probable that dhus fall 1n artenal pressure 15
partly the result of decreased penipheral resistance  this decrease 15
due to the placental vessels actng as low resistance afterovenous
shunts In dogs and apparently 1n human beings as these vessels
sclerose and uterne tone increases m the last weehs of pregaaacy
the shunc may be lessened and peripheral resistance and artersal
pressare agun nise Another explanauon may be 1 the marked
changes of blood enzymes i pregnancy some of which such as
anguotonase may be anupressor

5 Patents in whom ec}

p GremIR IS SUp posed on
esscnnal by pertension are of parucular unportance both diagnos
ucally and prognosucally Thewr d depends on a defi

miton of the processes and treatment of pre-eclampsia and
eclampsta. The superimposition of pre eclampsia on exisung essen
ual hypertension repders the prognosss more unfavorable for both
mothet and baby than either disease alone and usually calls for
prompt termunation of pregnancy

ECLAMPTOGENIC TOXEMIA  PRE ECLAMPSIA
AND ECLAMPSIA

Mild degrees of eclamprogenic toxenua can be mustahen for
EXCESSILE WateF fetention 10 nONtOXemIC pregnancy or for prepreg
nanc essential hypertension In toxemta edema 15 commenly asso-
cated with headache vomung and scotomas The onset may thus
be esumated from the sympromatology and a praphic record of
body weight which shows a sudden vpturn townard the last tumester
Arteral hypertension 15 usual the retinal arterioles show segmental
Constriction the reuna s very often edematous but reunal hemor
thages are uncommon In a nosologic utopta toxeria lihe measles

would be characterized by a speafic rash and diagnosis would be
as easy Acwally this desderatum 15
rash, hudden 1 the gl i

partly met, although the
15 doubtful

nself as p It
if eclamptogentc toxemia ever anses withaut pro-

3
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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 eclamptog in which also occur
edema headache, scotomas vomiting and increased arterial pressure
The observations of Dexter and Werss suggest that water retention
P poses to eclamp e The edema and the symp
toms to which it 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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untaught than among patieats i more fayorable cconomsc w1d
socral aurcumstances This fact has no cbvious explanaton.

The scrucrural Jesions associated with but aor necessanly chat
acrensuc of severe toremia of pregnancy are tenal hepatc cere
bral pulmonary placental and possibly cardiac, The renal lesion
& one of the most constant It consiss m duchemng of the

i lae b b and prolif of the glomesa
far endotheliam The hepanic leston seems 1o begin i blovking of
porrad capillaries by fibna dwomb whuch 1 wm lead 0 pen

TABLE 13
A Factors which may produce or accestuste B Examples (also hoown
relatve ischemia or bypoxia of the predisposing caoses of

pl 12 pre-eclampsia)
1 locreased hydrosauc pressure watun the
wterniflous lake
4) From moreased bydrosnuc wosion with  Hydramasos
0 yrerus Twans, wiplets
6) Fram ingeased jotra abdomingl pres.  Prmipanty

Y

sure Obesuy with short statare
Diffuse mechanical compression of wiertne  Labor
blood vessels

3 Vasomotor constncnes of spial artenoles  Exwreme emouonal tension of
throvgh autonomuc nervons shad
4 Systemuc disease produciag sadespread effece  Irewxisung hypertension
oa arterses of wterus Nephrts ()
Dhabetes mellitus
5 Drece hypoma of trophoblast by severe

Avemia of hookworm discase
macernal apemia Sihle<ell anem
portal necrosis This lesson ac least msofar as can be esumated from
Inver biopstes, 1s more charactenstic of severe toxemia with eclamp.
s than of preeclampsia It 15 of course common 1n auwpsy
series The cerebral lesion consists essentially 1n edema and some
umes 1o areas of softemng Lung capillanes like those of the Iser
may show diffute fibrn thrombr Deposits of fbun within the ma
ternal placental vessels form the nucler for the placental infaras
which are characrenssucally sevete 1 toxemic pregaancy
The funcuonal pathology 15 by no means as well norhed oug
‘The prumary lesion 15 probably placental Indeed E W Page ad
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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 busth of small dl nounshed babies n woxemaa and wndica
tons from enzyme srudies of disturbed and nadequate placental
fuaction, weigh heavidy an favor of the thesis His suggestion as
the mechaansm of toxema 15 that such hypoxia at ischemia results
10 Uberation of degenerating tophoblastic syncytum o the ma
ternal blood, ard that one prodors of degenersung syncyuum
thromboplasun would accoust both for placental infarce and for
fbrin depostts m Iner and lung The mechasusm of the renal fesion
15 ess obyaous not 18 3t altogether ddear that st s the renal lesion
which accounts for the access of artenal hyperteasion artenolas
constction and capillary damage 1n organs other than liver and
upg

Other and notable changes occur Normal pregaancy 18 assoct
ated wuth progressive mcreases 1n plasma content of vanous en
7ymes notably t beta gluc Jase and
pittessnase The onset of taxema alters and sometimes irtensifies
these levels, whule 1€ also leads to a decrease in hisudiouna Particu
far emphasis has been placed on the hormonal changes 1 wxema
which consise 1 increased uninaty gonadotropin and decreased preg
nandiol and estrogen Stmilar changes precede normal delnery In
toxeraa thew early onset duning the last thmester 15 mose prob-

ably evidence of premature placental senescence and degenerauon
than an euclogy factor

In the udneys the injury to glomerular capillanies causes plo-
temura beeause these capillanes become nonfiltering shunts pos
ubly alse by the opeming up of preglomerular arteriocapillary
shunts and of the dullary gl h the tate of g) )
filtration s decreased, while renal blood fi

low and tubufar excretory
fancuons may remasn wnaltered (Fig 14)

ORIGIN oF EpEMA

l Onc of the oldest and most satsfactory dbsenvations on the
chntcal chemusiey of toxema the frequency of increased blood urse
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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

%
) 38
BLOOD FLOW 800cc. 800cc. 800cc.
FILTRATION RATE s0ce s5ce. 100¢c.
™ DIODRAST 45mg Tvp 45m¢ 45M¢
rs

BLOOD PRESSURE 170130 MM Hg 160/90

FI6 14 —Schematizauon of renal changes 1 eclamprogenic toxemia of preg
nan; J ante partum with afferent and efferent arteriolar constriction thick
ening of glomerular basement membranc preservation of normal renal bl
flow and secretory capactty bue depression of filtration rate and increase of blood
pressuce 2 a stage of recovery from (1) with residual constriction and hyper
tension 34 essenttal | as sequel to ecl; toxemia deptes
sion of renal blood flow afferent arteriolar sclerosis and constricuon _efferent
arterrolar constriction injury of tubular cells and secretory capacity 3B recov
ery from eclamprogenic toxemia wichout residual fuacuonal or structural change
Data are compiled from observations on two patients whose antepartum clintcal
status was very sumular

tors which would have such effects on placental circulation with
corresponding chinical 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 11l nourished babies sn toxerma and mdica
wons from enzyme swudies of disturbed and tnadequaze placental
funcuon, weigh heavdly i favor of the thesis His suggesuon as to
the mechansm of roxemua 35 that such hypoxsa ot sscherua resules
1a libetaon of degencraung wophablasc syncytum nto the ma
ternal blood, and that one product of degeneraung syncyuum
dromboplasun would account both for placcntal infacer and for
fibun deposits 1n ner and lung The mechanusm of the renal leswa
15 less obvious nor 15 it altogether clear dhat s 1s the renal lesion
which accounts for the access of atteral hypertension arterolar
constricuon and capillary damage 1n organs other than liver and
lung

Other and notable changes occur Normal pregnancy 15 assoc
ated wich progressive increases in plasma Content of varwus en
zymes notably t 8 beta gluay dase and
pitressinase The onset of toxemia alters and sometimes intensifies
these levels while it also leads 10 a decrease 1n hisudinuna Parucu
far emphasis has been placed on the hormonal changes 1n toxemna
which consist 1 1ncreased uninary gonadotropin and decreased preg
oandiol and estrogen Sumilar changes precede normal delnery In
toxemia, dieir early onset dunng the last trimester 15 more prob-

ably evidence of premamure placental senescence and degeneration
than an euclogic factor

In the ludneys the 1ojury to glomerular capillanes causes pro-
teinuria because these capdiaries become nonfiltering shunts pos
siflly also by the openinig up of preglomerular attenocapilary
shunts and of the juxtamedullary glomeruli the rate of glomerular

filtration i decreased while renal blood flow and wbular excretory
fanctions may remain unaleered ( Fg 14)

ORIGIN Gr EpEMA

[ One of the oldest and most sausfactory observations on the
haucal chemustry of toxemia the frequency of increased blood unc
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acid and the relatve mfrequency of mitrogen retention, 15 not easi
explaned 1 terms of reduced glomerular filtration alone Both
uric 1ad (in put) and urea are filtered from the plasma so thar
t reduction in glomerular filtration should have the same effects on
the clearances of both, as, indeed scems to be the case (Bonsnes
and Stander) Two frctors may bear on the dissociation betwcen
uric nad and blood nonprotein nitrogen or urea nitrogen levels,
(1) a possible mereise 1 unc acid precursors as a result of
syncytnt degeneranon and (2) the tendency to negauve nitrogen
balance common in toxemit, which mn turn tends to depress the
levels of blood urea Whatever the reason the ficts stand that 1o
creased blood uric acid 1s common 1 toxemsa and that the greater
the increise the more ommous the prognosis And while blood
urea 1s not often increased unless there ss unnary suppression
which ndicates very severe disense the rate of glomerular filtraton
and consequently the rate of uret clearance, arc usually depressed
mn rough proportion to the severity of the renal lesions It scems
likely that the decrensed glomerular fiftration of water and salt, at
a ume when the tubules are alrerdy sumulated to sale reabsorpuon
by the hormones of pregnancy enters 1nto the chmel syndrome
m that 1t leads to formanon of unne of small volume relauvely
hagh speaific gravity and low sodum and chlonide contear Thus by
an abnormal mechamism inother means of sl 1nd water retention
15 added to the tendency to retention charactensuc of normal preg
nancy
Another mechanism of edema may be hypoproteinemia The m
crerse of blood volume sn pregnancy 1s due more to increase 10
water than to erease 1 solid contene This hydremua 1s normally
associted with a shight decrease of plisma proten concentration
so that total protein content averages 6 5 Gm per 100 cc n normal
peegnancy and plasma albumin 37 Gm  Some further decrease of
serum protein content 1S common 1n toxemua partly because of the
tenal lesion and also because 1t commonly arises on a background
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of 1 wadeguacy  Hypop parucularly bypor
albumunemga, seduces serum collod osmotc pressure and faal
(s capillary Bltrauon. Thus whule die b poprorewemia of 3
eaua rarely reaches the levels common 58 hypoptateinemic edema
(5 Gm. toe) proten 25 G seram Jlbumon per 100 <), wis
suficient 1o paruapate with the renal retenuon of salu and t0 10
ease the tendency to edema To the exteat that hypoprotenemia
s due to dietary lack 1t 15 ymporant that 1t be reliened by admunis
trauon of a diet contaimng a large amoust of protem. Since sale
less meat may be distasteful sunably Bavored and ditured prepasa
wons of salt free midk powder {lonalac®) may be added 1o the et
1n doses of 10-20 G theee 10 six umes datly

In certain patents the hypop cannot be explaned by
an tnadequate diee or rebieved by provision of protess or ammno
aads [n thee as m the neph suage of gl lonephrits 1t
seems lihely that the sct of protein concentration 15 altered. ‘This
alteration may be i a sense homeostaug, for it facliates e for
mauon of glomerular filtrate and thus mauntasns unne formauon
through a thickened filtering sutface When this scems tihely 1t 15
unwise o transfuse vigorously with plasma and useless 10 feed
latge amounts of protein Indeed 1 severe cases m whuch coa
vulsions have occurred of are unminent, the blood and plasma
‘olume may be decreased and the plasma protein incressed 1o
abeut the normal  such cases anusia 15 common

Facial edema 15 probably associated with cercbral and retinal

edemy, whuch 1n turn causes headaches nenvous sruability yomus
g and scotomas

1o toremia the tendency to edema 15 often threefold There 1
salt cereanon of hormonal orgn and retenuon as the resulr of
decteased glomerular iltration To these are added hypoproteinema
The edema 15 clinically signsficant since st may be responsible for

some of the Symptarms and since 1t complicares the course and man
agement inctuding 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 nephnus in
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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spsm may all but obluerate the rennal attenoles, At this stage
texunal edema 15 usually present, with papiliedera and sof¢ perumac
ular exudates Rennal detachment 15 2 common sequel As hyper
tepsion persists acuse artenolat lesions smilar to those of severe
malignant hypertension may develop These may express & faduce
of the artenoles to adjust their +alls to the strin of acute hyperten
sion In other sies sumfar lesions probably account for some of
the less common bu very dangerous pulmonary placental rennal
and renal mamfesanions nawbly cransiear hemoptysis abrupuo
l centae rennal hemorthage corucal renal necrosis and hematuria

TOXEMIA SUPERIMIOSED ON HYPERTENSIVE DISEASE

Perhaps one thurd of patents with essential hypenension show
sume evidences of toxemia during pregnancy The mnadence of
oxemia 25 well as 1ts seveny may be greater 1 patents whose
bypertension 1s of primary renal ongin ( glomerulonephnius pyelo-
nephuts) although these consutute a very small proporuon of
patents with toxerma

The factors to be evaluated 1n determimng whether or not
hypereension tn pregnancy 1s tosemic  essential  of a combination
of both depend fusst of all on a knowledge of the paucnts artenal
pressure before and duning the conrse of the pregnancy Thus tus-
oty mcluding the famuly history may be revealing When 1t 15 not
the presence of cardiac enlargement with hypertrophy of patho-
logge feft ass devianon and reunal artensasclesosis with uniform
Constriction of the artetioles may lead to the diagnosss of essenmal
hypertension The superunposition of toxema on esseotial hy per
teosion will be indicated by ncreased proteinuna, (dema and other
chnucal symptoms
Vit ey o s s s
ance 1w which a cons;c;'exable d ﬁc: ““Qb“‘md o e clesc
e bisony s reent e eficie combined with an appropr

i may lead ta the diagnosis 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 t0 stuft
slowly from one site to another When the process 15 wntense the
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toaemis so as Strauss has shown the sodum setennion of
‘:)xemu increases the seventy of the sascular disease Thas ueat
ment may be gien without hospualtzaton It 13 waually accom
pastied by the recommendaucn of thiee o¢ fout houss of extra bed
cest and the admipstranon of a sedative such as phenobarbical (1%
gr) dhsee or four umes a day When a complete remission 1s thus
obtaned, pregnancy should be carried to term or unul evidences of
toxemia again appear

Sice the syndrome may suddenly become intenshed  close
obsenatpn 15 alwags desirable and 15 best achieved 1 the hospital
Hospualizauon 1s essenuial when the weight inceeases more than 2
Ib weelly when protesguriz exceeds 3 Gm per 24 hours a0d when
deere 15 oligunia or hemaruria, 3 systolic pressure greater dum 170

mm. Hg encephal hy somitng ep pait Ot perss ent
visua) disturbance

The charactenisue encephalopathy of thus disease 15 the eclamptic
convulsion When tus seems umminent, reassurance toral quict and
sedation as with pentobasbiral (3 gr 02 Gm.) ate provsded.
Convulsions may be prevented of treated by mtravenous infusion
of a 2 per cent soluuon of magnesium sulfate gnen 1 a dose
of 500 cc over a persod of one hour The rate of snfusion and the
necessary dose are adjusted by repeated observauoas of the hnee
jerh 2 decrease 15 an indicanon for slowing or insermupung the
fusion. A overdose causes respiratory failure long before the heart
ceases 10 bear This acadent 15 wreated by prompt tnteavenous m
tecson of a calaum salt (chlonde gluconate or levuhnate 1 Gm )
and arofical tespiraton The nfusion may be repeated ar inter
vals of eighe, 12 or 24 hours depending on response and the rate
of urine formauon In the presence of oliguria early repetiion 15
wadwiszble The wjection of magnesiom sulfate 15 followed by a
i::‘mi :}f\ :‘: :ﬁ‘nﬁdtﬁgﬁng cenl;al ferious system depres-

ose of magnesium sulfate (1 or
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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
IS per cent, and to the children 1 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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\asaular degenctation in the placent, ther use might contribute
to prevention of toxemi. (2} Also aimed at prevenuon 15 ad
minstraton of diethyistlbestrol (dose 15 05 mg X the weeh of
pregancy at the tume of treatment, untl (8o weeks before term)
This method, aumed at correction of hormonal imbalances 15 sug
gested for use in women suffering from diabetes melhitus ot hyper
teasion te., from conditons predisposing to toxemia The concept
on which 1t 15 based 15 not generally accepted and s gpplication 1
sull experimental (3) The tevnved use of Veratrum wnde 1n the
control of hypertension and encephalopathy of severe waemu 1
gamng adherents {¢ probably should be considered an adjunct 10
the modes of treatment previously outhined and one onfy to be used
under carefully controlled condiuons

‘Two forms of teatment have sull only expenmental interest.
One based on the view that release of thromboplasun in degener
aung trophoblast underlies the lesion of toxemia consists 1 hepana
wanon. The other based by the Smiths on the view that the toxc
material released from the placenta 15 ahin © menstrual oxin con
sists 10 1njecuon of a psendoglobulin antagonist. What appear to
be favorable results followed applicauon of both procedutes to
small groups of pauents In severe complicauons of toxemia
noubly pulmonary edema and anuna alone or tn combination
Hungson and also Diechmann reported dramatic responses from
conunuous high caudal or spinal anesthesia.

Radscal treatment —ln every sevete case and 1n those muld
cases which anse long before term the advisabuliey of terminaung
pregnancy preferably by nonoperauve means mast be consid
c(;;d ‘l(;.‘hc sigas which may demand it are listed 1n Table 14 gnd
dun‘:g ::lt;;nsssam:mmzed n; the dfollomng pasagraphs Operation
o e S ‘m, : co;:tam cated since 1t doubles mortality The
o, ot the status 1o one of controlled pre-eclampsia

mwnemng



310 ARTERIAL HYPERTENSION

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 toxemua 1 women whose body build or other indicattons
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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vasculas degeneration 1n the placenta theis use mught conenibute
1o prevenuon of toxemit (2) Also auned at prevention 1S ad
munstration of diethylsulbestrol (dose 15 05 mg X the wech of
pregnancy at the ume of teatment uatl o weehs before werm)
Tius method aumed at correction of hormonal imbalances 1s sug
gested foe use 10 women suffering from diabetes mellius of hyper
tension 1¢., from condinons predssposing to toxermnia The concept
on which 1t 15 based 15 not generally accepted and s application 18
sull expersmental (3) The revined vse of Veratrum vinde in the
control of hypertension and encephalopathy of severe woxemua 18
guning adherents 1t probably should be considered an adjunct to
the modes of treatment previously outlined and one only to be used
under carefully conwrolled condiuons

Two forms of treatment have sull only expertmental interest,
One based on the view that release of thromboplasuo 1 degener
anng trophoblast underlies the lesion of toxemua consists 1n hepann
waton, The other based by the Smuths on the view that the toxic
material released from the placenta 15 akin to menstrual toxin con
suts 10 injection of a psendoglobulin antagomist. What appear 1o
be favorable resulss followed application of both procedures to
small groups of pauents In severe complicauons of toxemia
noubly pulmonary edema and aouma alone or 0 combination
Hingson and alsa Dieckmaan teported dramatc fesponses ftom
contuous high caudal or spinal anesthesia.

Radical treatment—In every sevete case and 1 those mild
cases whuch anse long before term the advisability of terminating
preguancy preferably by nonoperatve means must be consid
ered. The signs which may demand st are Lsted 10 Table 14 and
the wndicanions d 1n the followng, hs O

dunog eclampsta 15 contraindicated since 1t doubles wortaliny The
a1 hete 15 1o tevert the status to one of controlled pre eclampsia
before mtersening
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TABLE 14 —INDICATIONS FOR TERMINATION OF PREGNANCY
(DIECKRMANN)

A Systolic blood pressure 15 constantly 170 mm Hg or shows 2
persistent datly increase

A Protemnuria always eaceeds 5 Gm per 24 houss, or the qualita
tive test of the 24 hour unine 15 3 plus
Weight gatn exceeds 100 Gm per day
Marked edema suddenly occurs
Cerebral visual or gastrowntestinal symptoms anise
Oligunia, anuria or hematuria occurs
Jaundice develops
Blood nonprotein nitrogen 1s 50 mg per cent or more
Pulse rate 15 120 or more
Edema of the lungs or cyanosis 1s preseat
Blood shows an increasing, concentration as indicated by an ab
normally high or increasing hemoglobin content cell volume, serum
protem concentration or SPCCIEC gravity

The advisability of terminating the pregnancy 1s dependent on the
duration of the gestation the severity of the symptoms and signs, and
the condition of the cervix.

" Gestation of tuenty six weeks or less should be termunated 1f more
than one of the above Listed criteria (Table 14) are present of if
there 1s no appreciable improvement after seven days of adequate treat
ment
Gestatson of twenty seren to thirty one weeks should be treated
medically until thirty two weeks unless some B signs develop or the
A signs persist despite treatment or ncrease tn degree

Gesratson of thirty two to forty uceks 1f B signs are absent,
should be treated medically unul the cervix 1s nipe when induction of
labor will be successful If the A signs increase 1n degeee or 1f any of
the B signs appear the pregnancy should be d esther by (1)
rupture of the membranes and/or tnsernon of a bag or (2) cesarean
section 1f the cervix 1s uneffaced and closed

¢ Qur results sndscate that the careful medical management of the
toxenuc patient sf begun early enongh will wsually prevent further
sncrease m the serersty of the symptoms and signs untsl the ceriex s
'rspe’ This means that labor can usually be successfully induced by rup
ture of the membranes

o EE > S




HYPERTENSION AND PREGNANCY 313
“The pauenc who does noc respond ta tresunent, of fias beea
teglemed, 1s treaced by rupture of 1he memsbranes and/os (e 1aseruon
of 4 bag 1f the cervical canal 1s less than 2 con Tong, or if these 1s o0
effacement acd diatanson, by cesarean sectivn under Lxal anesthesia.

NoTR— A signs are those ordnanly present 1n pre-cclampsia
B sgns chasacresize the iorensifcation or complicancn of the discase
process.

To Diechmann s mdicatsons far the terminarion of pregnancy
¢ belteve should be added the persistence under medical manage
ment of the signs of toxemia moderaely sevete o severe for
three of mote weehs Cases of mild toxemia (blood pressute 150/90
or less trace 10 14 protewnna scant or receding cdema) may
be cartied fonger @ the mtecests of a viable chidd wuhour ss far
as has been shown wjuting the mother The recommendaton for
interrupon 1n prolonged resistont toxemsa of mote than average
seventy 15 based oo the fact, fist shoan by Hernch and Tillman
204 since widely confitmed that 1n 20-30 per cent of roxcmic
wamen normotense e before and durtng the early months of preg
ntacy essential bypertension develops esther soon after defnery
af afeec the tapse of months However evidence of Chesley Somers
and Vaon indicates that the naidence of post toxemic hyperten
sion can be reduced 1o 8 per cent or less by treatment along Yines
suggested here Some observers believe that ths assocation 1s evs
deace of the geactic simlarsey of taremita and by pertension and that
pregancy 1n such patients has merely made manifest a Jatent hyper
tensive frae That this 1s probably not the case 15 indicared by the
comparateely low snadence of hypertensive disease 1n women
who have had adequate treatment of roxemsa
of tgimu:‘nl; :aedp:;s ompiton s thar the renal sascular lesions

postpastum hypertension 1 pateass in

@ham « mighe ot otherwise have dev eloped. From thus poine of
view the occursence of post toaemic hypertension can be related
to the duration of the process and the consequent urreverssbility of
the lesion rather than 1o the severity of toxemua. Thas che ;;r?\ c‘r))
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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 their 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 airculation The maternal placental vessels pass through
a life cycle from youth to sentlity during nine months Thus, 18
comparison with vessels elsewhere they are excessively plastic 1
the changes they undergo with the passage of ume While less
plistic arterioles elsewhere m the body can mamtain themselies
the face of hypertenston through many years 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 nconatt!
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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nancy be carefully evaluated in the hypettensive pauent.

The purpose of pregnancy 15 the buth of a healthy chuld who
may be brought up 1o maruniy by the pareat. The pmary cad
bith sself may be frustrated by the presence of hypertension
further the mother may not be physically able to parucipate n
the chuld s upbnnging The effects of such fulure in pregnancy and
upbnnging should be carefully considered in advising pregaancy

Three types of pauents require prognostc considerauon before
ot early 1n pregnancy These are (1) those who have had roxemia
but show 1o residue of cardiovascular disease (2) those who have

essental hyp and (3) those with post
toxemic hypertension The guiding considetauons for prognosis ate
(1) that toxema occurs 1n 6-9 per cent of all pregnancies and
{2) that feral mortality averages about 10 per cent and maternal
mortality 1 per cent 10 toxemia

The ptoblem of the normotcnsive post toxemic pauent 1s an
swered by the fact that a former toxemia approximately doubles
the probability of toxernia in a subsequent pregnancy bringing the
wcdence t0 20 per ceat. Furchee the recurrence of toxemia in
creases the probability of p postp hyp There
fore pregnancies subsequent to one complicated by toaema caery
an increased nish of which the patient should be made aware The
visk 15 not great It is probably greater 1 famabes whose hustory
suggests a predisposiuon to hypertension. It 1s suficient £\ 1o re
quire antepartum care under better than average condinons

The pauent with prepregnant estential hypertenston has as ne
hu::he noted a 50-70 per cent chance of passing through pregnancy

armed The probabihity 1s greater when the hypertension 1s muld
T e e oy SR by e
e o ;f;l; :nclelmo’;;everebu; the average hyperten
from 7 to 50 per cent, depending o y l;m ooy of feal los vares
casc and the Level of bload preosuee gy e Of the acterial dis

pressure Further 1f by premature de
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Invery, deliberate or not a lving cluld s obtaned, the child
often small, and 1t should be femembered that those who weih
fess than 2 kg have less than an even chance of sutvival The pa
uent with muld hypertension who 15 young, has passed through
pregnancy withour toxemia and whose vessels and heart are well
adjusted to the presence of hypertension has hede more than a
normal personal risk 1n pregnancy, although more than the normal
chance of disappointment 1 its result In patients suth moderate of
severe hypertension and evidences of sclerosis the conditton wall be
aggravated by pregnancy and m 10 pet cent life will be jeopar
dized Such patents have less than an even chance of grving burth
1 a nealthy or even a viable chuld It 1s unlihely thar they will be
physically able to ewe for the offspring through cluldhood Thus,
with mild hypertension pregnancy need not be discouriged with
severe hypertension 1t 15 contramndicated

In 2 few paucats a favorble response to sympathectomy has
been shown to permut them to go through normal pregnancies But
in severe essenual hypertension the game 1s not worth the candle
Especially when symptoms of tovemia appear eatly 1n pregnangy,
the presumption s that the fetus 1s lost any case and therapeun¢
abortion 1s indicated
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SECTION YV

14 Specml Forms Of Me(llcal

Treatment

NoO ONE wHO has watched the course of medical treatment 1
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 resule some worhers have become therapeut¢
nihulists while others have remamed enthusasts who jon each
new battalion of the credulous and hopeful There 1s of course, 3
mean

Analysis shows that the uncertainues of the field are due 02
variety of factors The first and greatest 15 that the etiology and
mechanism of essential hypertension remain unknown Opposed
to this are the nghe the patient feels he has to have sometiung
done for him 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 with or without 2
pink pull and the effect of external circumstances As Ayman has
pointed out symptoms mn most 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
sometumes even when 1t 1s well established unpredictable to 2

318

case
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degree But unul more wfosmanon comes from rescarch litde can
be done to change thus situation

What can be corrected 15 the tendency of some physicians @
wiew all hypertension as a uingle and insoluble problem so that
they neglect the safeguards and ad of cateful dng and
valustion. Another a related ersor 15 the trust 1n some simple
magical cure sufficient 1n 1tself which will dispense with the need

for effort m dowg the things that are 3t hiand o be done and that
are effecuse

For all these reasons treatment in hiypertension 1s controversial
As each nes remedy appears tempers tise and secede as it 1s put 1
s peoper nuche if mdeed 1t has one From cach of these episades
the careful chserver learns a good deal because each focuses aten
ton on some parucular aspect of the mosac of hypertensine dis
ease In all thus Sturm und Drang 118 occasionally wise 1o say very

quetly And forgive us our trespasses even as we forgne those
who trespass aganst us

1 THIOCYANATE

Evaluaton of thuocyanate hi e most drugs used 1 hyperension
has tequised years and 18 not yer fully agreed on Uslde many
drugs which have been used and dropped thiocyanate has fecently
terurned 1o favor which now seems again 1 be ebbing I was firse

ded 23 a hy Agent m hyp by Pauli in
1903 Some enthusiasts more or less uncrucally prassed 1ts effects
but us use was desultory n 1928 the feeling and exidence 1n us

favor were inadequate to resist the report of 1m0 deaths aasibuted
0 115 admunustration

Nor 1s there adequate hnowledge of s pharmacologic acuon,
Thiocyanate 15 thonght by some to have 2 shgh depresiant acton
on the central nervous system This accords with our expenience bu t
needs quanttative verificanon Jrs classe tonic accon o 5 uh
muscle 15 one of telaxanon 5o 1t 15 laimed 1o act as an m::l:u
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vasodilator, but that 1t acts 1n this way 1n nontoxic conccntrations
15 not established Also 1t 15 believed to act 1n hypertension by re
ducing the basal metabolic rate, this indeed 15 one of 1s toxic side
effects but 15 not established as a basis of 1ts therapeunc effect. Re
cently 1t has been shown to depress cardiac output, and this may
account for pare of 1ts hypotensive cffect

No penetraung consideration was given 1ts use unul 1936 whea
the Jate M H Barher showed that the serum thiocyanate level could
be used to determne the level of desirable dosage and to offset the
danger of overdosage Stnce then 1t has been more widely used than
ever before Most competent observers believe that st has value,
although others oppose 1s use as dangerous or belicve 1t has no
more value than any placebo To this day many physicians use thio
cyanate without proper regard for the safeguards of observation and
repeated measurement of blood thiocyanate which must surround
1ts admumistration The rechless use of thiocyanate 1s one factor that
1s agan bringing 1t o distepute

Admunistratson —Barher suggested that the drug be gnen
small slow increments feeling the way until a muximal therapeutic
response 1s observed Experience has taught that the therapeutic
level for most patients lies between 6 and 12 mg of thiocyanate pet
100 cc of serum The level 1s lower 1 some patients 1n whom 2
level of 4 mg per 100 cc may be quute as effective and much more
tolerable than a higher concentration Symptoms and sigas of
toxicity usually appear when the level passes 15 mg per 100 ¢
and whercas they may not appear at thus level 1t 15 certamly unde
sirable to exceed 1t

There are many ways of starting admunistratson of the drug
One 15 10 give 02-03 Gm (3-5 gr ) 1n two dady doses and after
a weeh to find the serum thiocyanate concentration and adjust the
dosage as indicated In this method as 1n any other each pauent
offers an indivadual problem whose chnical response 15 carefully
evaluated during frequent determinanons of serum thiocyanate
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I, These derermsnations are fepested weekly unul a sausfactory
Jeved 15 secused, then tepea ed 3t (R0 weehs at four keehs 2od ar
feadt, at six weeh witervals therexftes The usual matenance dose
vazes from three 1 21 doses 0f 03 G (3 g ) each weeh. The
plasma level once apparenily ses w 2 patient, moy change Wuhout
explanaton, Thus there 15 510 sev Jeved of dowsge. The form 1
shuch the dmg 15 gen 15 ymmpostent exbes the sodnm os the
Mofe customary potassium sslt may be used. The salt may be giten
1 flavored aqueous solution of 1w 1abless entenc.coated of not.
Whatenes the form used 1t had best be adhered 1o A chapge from
aqueous solunon 1 entent<and tbless may demond 2 consder
able wncrease of dosage for some of these may pass through the
gsttowntestinal tract undissolved.

The chemual determupauon of serum thotyanste 5 easly
within the range of competence of any bospital dymca) laborarory
and of many office Jaborateres Methods which unnetessanly sac
nfice ackuracy for sunphiary should not be used

In sunmary (1) there 15 o set dosage of thiocyanate enther
from panent 1o panent or 1 the same panent under different con
ditons for uts excrevon 15 widely vamable {2) therefore the
e of thucyanate should not be attempted unless the physiaan tan
tmeasute the coacestraon of the drug 1 the bloud at sauble o
tervals and with fes.onable (5 10 per cenc) accusacy

Selection of pattent —Sorve chmains beheve thar a rrsal wih
thiocyanate s yusufisble 1 all panents who do not exhbug spectfie
contraindications Others would limit 15 use 1o the carly stages of
the discate Whether or not there ate anBosing symptoms We and
oth ts wse «¢ aaly far sympomatic sehef and when other measnres
have not beea fully effective
o oz 1 e e sl s n
or generated garmnuxle:)sxs l:lu ‘:x 21 26 Sl sexe cercbral

ot tespond well bur wsually

become dull and confused, Some of them become depressed 2ad
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hallucinated Severe depression of cardiac and/or renal functon ate
also contraindications Nether the malignant syndrome not hyper
tenston of toxemic pregnancy 15 benefited by 1ts use Angina pec
toris 1s usually considered another contramndication, stnce thiocyanate
sometimes increases the frequency of angmal attacks Sull, n occa
sional patients the cardic pamn secms to be lessened by thiocyanate
Most, af not all, such pateats re those whose pan 15 precordul
vague 1rregularly recurrent and not true angina pectons Theit re
lief from thiocyanate may reflect a sedatve effect 1n cardiac nes
tosts

With these contrandicauons and the possibiliues of ntoxica
tion n mind, it 1s apparent that thiocyanate should not be used
indiscriminately  Further many patients with minimal symptoms
and moderate levels of arterial hypertension carry on more sats
factonly undcr carefully applied general measures of treatment
than they do with a drug on which they tend too much to tely

There remam two large groups i which thiocyanate seems ©
be of definite benefit The first includes paticnts with severe head
ache who are so harassed by pam that a vicious circle of anety
and tension 1s created For these thiocyanate 15 oftcn a sovereigh
remedy A subgroup 1s made up of those who complain of nnnitus
or dizziness these also may be greatly benefited The second group
icludes patients whose dastolic pressure 1s high (roughly 115 mm
Hg or more) and who do not show advanced retinal arteriosclero-
sis In such patients repeated examinations at intervals of six months
may begin to show the onset of failure of vascular adaptation
mamfested 10 1ncresing cardiac size or symptoms loss of renal con
centraung ability increasing reunal arteriolar sclerosts or 2 tend
ency to wcrease in dastolic and systolic pressures The administ2
tion of thiocyanate to such patients may lead o deceleranon of the
apparent progress of the discase Thiocyanate may also be used for
mugraine not due to hypertension Stnce 1t also seems to have a
sedauve cffect 1ts greatcst value may be in forms of the discase in
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which psychogemc and neutogenic factots ate of major smpottance

Resulis—One of the most dramauc and sausfying effeccs 15
the relief of headache and this alone may yusafy ws we Reduc
toa of blood pressure and the relief of exertional dy pnea are much
less common.

The Jong term results are pot easily caluated In theory re
ducuon of atrenal pressute might prolong hfe by slowsng che de
selopment of artenolar sclerosis Onginally the drug was intended
10 preveat sclerosis by acung disecdy on the vesscls. Ths effect 15
not confirmed although thete 15 evidence that thiocyanate retards
lipid depy 1 exp 1 chol 1 atherosclecosts Roughly
athird of sweably selected pauents show a fall of pressute of from
20 t0 40 mm. H, systohic and from 10 0 15 mm diastohic duning
the firse weehs of ad Serum ¢ it
the pressure does not fall and if no ather climeal bencfit 1s observed
after 4 trial of s1x w0 eyght weeks with blood concentration up to
12 mg fer 100 oo thiocyanate should be discontinued fts use
fay agan be attempted when the disease entets some other phase
or when an indication for 1ts use such as headathe appears Barher
and Davis made the mteresung observanon that paeats who do
not fespond to the drug before sympathectomy may respond after

the operaon Others suggest that 1t adds o the efficacy of fow
sodum diets

A typical example of the use of thiocyanate 1 100 pauengs
whase hypertension ranged from mild 1o very severe may aid the
reader an evaluating the drug, Nearly all had bees observed for
some tmonths and treated by other means Some Sympomatic re
lief principally of headache was noted 1n 66 subjects and an 31 of
these «w was almost complete Oualy one quarter of the pauenes /
showed sustaned lowening of arterial pressure {mean 26 mm 4
syseolic and 19 mm diastohe) A significant number commcm:c;\
on the celief of msomnia and on release of emotional tension and 7
wnstabiliey Within 48 hours of admmnseration early signs of toxicy
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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
ung treatment 15 pauents developed delayed toaie manufestanions.
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 are those which appear at the outset of trearment Dur
ing the first few weeks, patients often notice weakness and faugabil
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
sevete that the drug must be discontinued The delayed evadences
of toaxcity are more serious Some are probably due to sensitization

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 gut. Disorientation and halluanauons may
occur It 1s ympottant to differentiace thus condiuon from hypetten
sne encephalopathy The end stage 15 coma sometimes with a hem
orthage daathests which affects the central nerous system diffusely
Exfolame dermatus 15 by far the most serious curanecus matufes
uuon of torerty Alopecia 15 not common Bassre puaful forms
of penpheral neursus ase occasionally caused by thiccyanate Osteo-
poross wich local joint pans and swelling similar to those of tau
matic osteopotosis has been reported 1n 2 per cent of pauents given
thiocysnate over long periods [t 15 suggested that those taking the
drug be encouraged to maintun a high calaum intale

Thete have been 1solated reports of cerebral thrombosis thoughe
10 be refated either to thiocyanate toxicity of o the fall i blood
pressute ehared Nether seems a very good explansuon for a
phenomencn so comman among by pertensives

Sice thiocyanate causes gorter when fed to anmals 1t 15 oot
susprising that it should do so 1o pauents Several instances have
been reporred and mo wese observed in our series of 100 pa
tients The gorter 15 assocated wath hypothyroidism and somepmes
with clinical myxedema In thus condiwon blood sodine values are
low and there 1s mcreased uniary excreuon of thyratrophic hor
mone 1n the macusared form. Thiocyanate gouter 18 relieved by ad
munssration of thyrosd substance (01and 02Gm 114 and 3 o)
on alternate days even though thiocyanate 18 conunued for the
treatment of hypertension Thyroid substance by passes the bloch
to the formation of thyroid hormone by the thyroid Since 10dine
deficiency predisposes to thiocyanate gower small doses of 10dide
may be gnven dunng treatment with duocyanate

We reuterate that signs of severe toxiaty are rare of proper care
1 rahen to heep the thiocyanate blood content below, the roxic level
Occasional pavents probably have an 1ds
just as with almost al) th T

osyactasy to the drug
need not be exaggerated Sm:re the body content

but 1ts mp e
of the drug 15 dis
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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 iacrease 1n thiocyanate dosage
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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bood vessels as observed in the eyegrounds Renal funcuon i most
cases has shown at least temporary improvement. Looking badk on
the experience of several years mostly 10 the treaument of rapdly
advanang of very advanced mal hype 1T 15 appatens

(1) that 2 few pavents have shown lasung remussions {2) that
reacly all but those 1a renal fatlure showed temporaty remussions
and (3) that the duranon and adequacy of remission vary foughly
with the lesel of renal funcuon as measured by secretory capacity
The clsmical are therefore bang d

There 15 sull gtear uacertatnty regarding the bess method of
prepanng the extracts. The seatch 13 long and slow s there 1s no
biochemical method of assaying extracts and no ¢hemical hnowl
edge of the actve prinaiple to gwide in theit separavon While these
lunitations prevail the use of hadney exracts 15 oply expenimental

The occutrence of reactions to their wjection comphicates the
fesults A cunious thing about these reacuons 15 their unpredictabf
uy Weeks or months may go by withour one then suddenly one
occws There may be a senes of them followed by a petiod of com-
plete freedom

The reacvons are uspally characterized by a profound fall in
arternal pressure which may persist for munutes to hours and be asso.
aated with paws w the muscles of the back and chest. Alarming
a5 they ate 1o senous sequelae have been observed of the many
we have seen We are sull unable © deaide how much nfluence
they have on the therapeunc effects of the exiract. Reactions of ts
sort do not occur in dogs of rats hence, studies 1n these anumals
do not aid 1n the analysis of the problem Despise this lack of reac

tians blood pressure may be reduced 10 them from hypertensie
to normal levels

There 15 also some refauon between local reacuons to the ex
wrace and the fall 1n blood pressure, but agam 1t 15 not direct and
manable Sevesc local reacuons may occur with or without fa)) jp
atenal pressure



326 ARTLRIAL HYPERTENSION

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 phystology and biochenustey 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 —Esegrounds of patient w th maligaant hypercension A before aad

B thrce months after treatment with pyrogen. 1mprorement 3 chvioas.
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 o
has advanced 1n the hidneys We do not believe that this ‘UOSLS
ship 1s evidence of a specific correlation betwcen renal ::c:::::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



TREATMENT WITH RUTIN 331

Iv RUTIN

In 1936 Swent Gyorgys propased the name vitamua P for a sub-
sance of £roup of substances prescat w paprka and femon peel
beliered to restore ncreased captilary perseability 1o notmal Thia
was the begmaing of mietest 1n substances of the seneral nawre
of fasone glurosdes now widely used chimcally wn all manncr of
diseases

The true value of vianua P ke flavones has never beea accu
rately derermuned  prnaipally because increased capitlary pesme
ability has no cleancut chucal equivalent. The terms tapiblary
permesbiliy resistance and fragiliy have been naher accurswelv
defined nor measuted although they ase used confidendy by many
¢ quns For s reason much that has betn wntten and dus
applies chicfly to the unrestraned hiterature of the drug houses can
be accepted only with large reservaons

Je s sull uncertain precisely whae substances were responsible
for the vitamin P acuviry of lemon peel of Gitmn but most evi
dince suggests it to be hespenidin chalcone Both the chinical and
Iabaratory reports on vitaun P have been unsaustying and con
wadictory so that after 12 years litde ean be said with confidence
25 10 s clincat apphcanon

The structural similanty of hespendm and ruun 1ed Couch
10 suggest that the lacter mighe be a beteer source of viramun P
acuury than paprka or femon nind. Rutn 1 a flavone glucoside
fow obtuned chuefly from buchwhear It 25 almost fontoxic and
does not accumulate 1n the body

Gniffith and Tundaver were the fiest 1o use runn extensiely and
have had far greater expenence with # than mast M eStgaIors
Amymal experiments suggest that rutn opposes abaoranal increases

!‘n cap:lia{ry permeabiliy following hswamine and the yneseased
ragdicy follann,
\eﬁcdq ollosing itradiation afthongh esen thus has been contror
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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 of 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 restore 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 viamimn P like flasones has neves been accu
naely determuned, principally because increased capitlary perme
ability has no cleancur chnical equivalent. The terms capillany
permeabiliny resistance and fragiliry have been nesther 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 large reservations

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
acuuity than papriha or lemon tnd. Ruun 15 a flavone glucoside
:ow obiained chiefly from buckwheat. It 15 almost nontoxic and
0es not accumulate in the body
ha‘fnhif:;h 20d Lindauer were the first to use ruun extensnely and
_ far greater expenence wich 1t than most mvesugators

1mal experments 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 petecluae appeanng 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 13
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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ath dusbenc reunopathy whether or not hypertension was present
Minersely hypertension and increased capiliacy fragihity can exist
.ichout rennal damage Thus 1n diabencs mnereased capillary fragil
1y 18 when as i eatly sign of ascylar disease closely correlated
with the development of rennopathy and possibly later Wit nephro-
scletosis Rutin admnustered 10 doses of 2060 mg three umes 3
day 10 70 pauents with duabetic reunopathy brought fragsley ©
sogmal Despite this no tmprovement occurred 1 the eyegrounds

It 1 mot necessary  detail the negauye evidence Suffice it w0
say that Schweppe Lindberg and Barher found no increase 1 fra
plity after thiocyanate therapy Our eapertence indicates that, 10
controlled observations routne medical care restores capitiary fra
gy aud probably prevents as many strokes as the same care sup
plemented with rutta Hemo!

rrhages petectual and otherwise may

occur i pauenss with normal capillary fragility thus casting

some doubt on the petechial ndex measurement as a reftecuon of
bleding tendency Ruun n high doses dJoes not decrease the perme
ability of the glomerular capillanes 1 proteinuria induced mn rats by
2qministranon of bovine albumun
Reluctantly then we are forced on the evidence avalable to0
conclude that the value of rutn 1o the treatment of hypertensives

s sull 1 the experimental stage and that 1 sale and promotion

for this purpose 1s premature

V VITAMIN A

The admunsseranon of Jarge doses (100000 units or more
duly) of prepararions containg tiamin A has been clumed to
be followed by a reducton of arterial pressue and the relief of
some of the symptoms of hypertension With Taylor we have not
confirmed thus observaton 1 a group of patients whose previous
response to symptomauc treatment was well established However
certamn of the patients thus treated showed increased renal blood
flow filtranon rate and nibular secretory capacity Thus renal action
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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 screnufic status 1 animal nutrison It 15 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 1ts 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 15 profuse and utterly
uncontrolled Such competent chnical experience as there 1 nd
cates that the claims are not jusufied Our impression 1s that viamin
E has no place in the treatment of vascular disease 1 hypertension
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15 Sympat}lectomy in Hypertensxon

SINCE THE ntroducuon of this surgical treatment for hy pertension
optnion has varied widely both as to the nature of s action and
as 10 1ts effectiveness From these controversies much mformaton
has been gamned not only about the operation and its effects but
mndirectly about the natural hustory of the disease Unfortunately,
the mechanism by which these dencrvatons influence the course
of hypertension 1s not worhed out

Several ssolated observations on splanchnicectomy had been
made 1n France and Italy before 1ts extensive use mn ths country
but these preliminary observatons carried no serious conviction It
was not untl Adson and Peet went enthusiastically to woth that
tnterest was aroused and cateful mvesuganion begun Shortly after
Adson and Brown s announcement of the successful outcome of an
anterior nerve root resection for hypertension Page and Heuer also
undettook 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 etent of
denervation necessary o obtain adequate chinical results In these
early days feelings ran hugh as to the place these operations might
have 1n the treatment of hypertension Thesr casy acceptance of
today was bought dearly 15 years ago

Some have raised the questuion of the specificity of sympathec
tomies in the treatment of hypertension mamtaning thar any ma

336
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for surgical proceduse OF trauma, sncluding such operations as cho-
fecystectomy can do as much to decrease blood peessuce as opera
tons on the sympadhetic persous sysrenn The queston 1 sull pot
fully sectled suce thete 15 an unquestonable although rransient
anpressor effect of trauma Bur the weight of evidence 1s much
1 favor of the specific effect of sympathectomy One of the most
satusfaceory proofs 15 the fact that in wo-stage operations die course
of hpestension 1s pot greatly aliesed by the firse stage and changes
stgnificantly only aftes whe second operanon when denenaton
becomes bilatesal Another strikung example s the lach of fall of
blood pressure after the extensive Junsnectomy prelumunacy o an
t ror netve toot section Cutung the nerve roots weeks or months
Later resules 1n sigmficant pressure reduction

The varted results obtatned by symparhectomy have led to many
conflicung seports ranging all the way from cures to complete
falure Doubtless indecision has caused much of the confusion
shich has exssted 10 chimcans minds Jt may be fauly sad fhat
sunce the surgical technic has been 1mproved and standardized and
sice the ertena of operability have been more umiform in the van

ous chaics therapeanc results ate becoming more umform and
effectine

Bue !

) y rermans a pall and 15
ndeed ever curatye

iy of
Whethef these operatoas prolong hfe zeu;ﬂxas
unproved on strict expermental evidence yet accumulanng clinical
evidence suggests that they do Sull the data leave much 1o be de
siwed ‘There 1s wide vanation 1n the mechod of eyaluaton Reports
vary from 25 w0 90 per tent sausfactory resulss with different
Bpes of sympathectomy done at different stages of the disease It
must, eherefore be recopazed that currently 1t 15 mpossible 0
compare dwectly staustical repores of dhe vanious senes from differ

ent clipics A betser evaluation 15 possible by wmpanng resufts of
diffetent proceduares done 1n the same chose
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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
ence does not agree with the expenimental 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 hypertensives it has had no
efict, And 1n thus view renal 1schemia should be the cause of
hypereension which 1 our view 1t 35 not exther chimcally or ex
p Ily Fwmally lumbodorsal sympathectomy 15 only farely
followed by an increase in basal renal blood flow 1 pauents with
well established hypettension. Usually the flow 1s unchanged affer
an othernise sausfactory operaon. On the other hand the fact
that renal blood flow does not ordinanily decrease after sympathec
tomy when artenal pressure may have fallen indicates that renal
tesstance must have diminished and the possibihity of significant
changes i blood flow and tesistance sesponses dupng actvaty or
emotional stress has not been fully explored It has been suggested
that the decrease 1n basal renal resistance establishes a benefical
and speaific effect of tenal denenvation This point of view too 15
defective 1 that 1t ignores the normal autonomy of the renal ar
culation by which the hidney vanies 1s vascular reststance as arteral
pressure changes 10 otder to mantain a nearly normal rate of blood
flow Accually our observations on the effects of spinal and caudal
anesthessa andicate that the renal vessels of hypertensne subjects
teact much as do those of normal people The only difference and
this would be predicted 15 that most hypertensives mamntain a rest
due of increased afferent resistance which denenvation and a drop 1n
pressure do not remove This restdual resistance ptobably reflects
afferent arteriolar sclerosis Thus it seems 1mprobable that s3mpa

thectomy reduces arterial pressute by speaific nfluence on the
mechanism of renal arculanon

A large and espectally unportant vascular area 15 deprved of
its supply by tomy The splanchnic vasomotor
nerves In contrast to the tenal vasomotor nerves are normally

highly reacune to change i posincs o wgeston of food and
even 10 muld exercise Especually the assumption of the erect o

places heavy demands on the competence of this circulaty WS;;‘“’
were supposed that interruption of the splanchne usccr: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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1 therefore an wnportane dufference berween the effect of spinal
anesthesra and that of sympathectom) Orthostauc hypotension de
creased teflex responsteness and even decreased vastular teistance
ate oot adequate explanstions of the many possble benefical
ffects of sympachectomy s by pertension
ln searching for other explanations one may Lie 1a the dentna

ton of the adrepal medulla which would reduce its output of ad
tensline and nof adrenaline This explanation harks back to the
proneenng studies of Crile While Freeman Smuthwick and Whae
showed that sympathectomy 1 human beings tends (o increase the
responsiseness of vascular musculature to adrenaline, the reactions
of patieats treated by Jumbodorsal sympathecromy indecate that in
creased responsiveness 1s more than balaaced by decreased outpue
of pressor hotmanes from the adrenal medulla And, of we adnue
that adsenal medullacy denervauon s part of the pattern we find
sull apoder corollary Under certain conditions the oversupply of
a0 ad enal-corucal lde hormone desoxycorucosterone causes hy
pertension and tn anumals at least arteral disease We and others
bate shown that the adrenal cortex can be coused 1o dischurge
coruca] hormone by mjection of adrenaline Consequently 1t may
be that adrenal medallary denervauon has a secondary effect an
the supply of corticord pressor substances

Another possibility 15 that the denenvation due 1o splanchnic
section mntubus discharges of exciatory sympathun (Symp:uhu\ E)
from the vsscera espeanally from the liver One other
mechansm may consnbute to the over all effcct of
namely the vasodilataton which results from muscular mosement,
In completely sympathectomized anmals struggling 15 assocsated
with fall 13 blood pressute which 15 abolished by curanne Thus -
ercise i parvally symparhectomized subjects ma x
mpulses which could significansly aid ! 7 saare dilacor
pressure Y m lowenng artenal blood

1n briet

Physiologic
ympathectomy

thete 15 00 untary 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 Supradephragmatic splanchnicectomy —Probably more con
secutive operations of the Peet type have been performed than of
the others 1500 1n Peets last report The results reported 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 operationt wuth great dexteney have not had as
much success as he had In ¢hys connection We pause pay wibute
1o the courage ypagination and b of the tate Mox Peet.
Supradraphragmatic sy mpathectomy 1 DOt aow a3 widely prac
uced because 1t does not provide as wide a denervauon of the
splanchnic atea 2s 18 achieved with the Smuthwich operauon It
should be poinced out, howevEs st the problem of the extent of
the operation 15 fas from serded and po one hnows for sure what
area to denenate Ferns and Resser hiane powted the way 102
s'ection of dw extent of denervation by observing cold pressor fe
sponses during spinal anesthesia Whethee of pot this response 1§ a
gude 15 not established. Bur thetf daca suppott the view chat de
necvation should wsually be extensive even nch

uding the fousth
dorsal ganglion Grimson and also Evans and Bartels have come 1o
the conclusion that many p3!

tiens are betrer off when the area of
deneration 15 a wade one

2 Infradsaphragmassc splanchnicectomy —This operation Wwas
dmicloped at the Mayo Chiic by Crang and Adson. Thewr results
sath 1t ace somewhat better than with the supradiaphragmanc op~
eranon but they find that only 10 13 per cent can fesults be classs
fied as good and 10 18 per cent s farr wath regard to reducuon of
artersa] blood pressure Rebef of symptoms 15 strhing 10 2 larger
percentage of pavients

Others have had much the same expetience with ths operation
Whle 1¢ appears possibly 1© be mote effectne than supradaphrag
fmauc sympathectomy the Improsement S 1ot sufficient to consider
1t the one of final choice Most present opinion leans toward aban
doning & But a few notably Hembedher who view the adrenal
denervauons as the crucal effect of sympatheciomy hold to th
form of operation ‘

In passing 1t 1s well o point out that the various of opet:
uons which have been petformed are Expcnmcnmtly‘:;s uf’cth
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development of the weatment of hypertension by surgery There t5
sometumes a tendency to be unduly critcal because a vanety of op
erations has becn tried

3 Anterior nerve roor section —Antenor nerve foot Section 18
an operation first performed by Adson and Brown and catefully
studted by the Mayo group and by Page and Heuer The results on
the whole are as good as those of the Smuthwick operation, but the
far greater difficuluies and dangers make 1t an unjustifiable pro
cedure It has now been abandoned but stdies on st lad the
groundworh for subsequent work i this field

4 Transduaphrag sympath y —Smithwich has made
an extended and carefully planned 1nvestigauon 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 sy nsficant fall 10 blood pressure occurred when the patient
stood upright He seems to have demonstrated by multiple stage
operations that failure to modify the hypertension could be due 0
wnadequatc denervauon especially since potenually smportant nerve
pathways anise from the sympatheuc trunhs from the dorsal third
10 the lumbar third segments At times a failure could he converted
11t0 1 success by increasing the extent of the denervavon But i
some cases neatly total sympathectomy failed to modify the hyper
tension
Finally he hi on the 1dea of combining both the supra and
the infradaphragmatc approach completng each side 1n one stage
The complete operation nterrupts vasoconstactor tmapulses to the
fegs as well 3s to the enure splanchnic bed The results seem su
periar to thase of other operations

Smuthwich reported on 156 pauents studied carefully over one
to five years He divided the results snto five groups (not to
be confused with Kewth and Wageners groups) according to
the resting horizontal lowenny, of dustolic pressure after operition
The average reduction (systolic/distolic) was group I 61/
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. Hg govp 1T 44/24 group M1 27/15 grovp IV 1075
In group V the pressuce ose on the sverage 18/11 mm Hg There
were G4 paueass 1 group I 32 1n group 11 and 28 1n group 1w
Results in groups 1 and 11 were considered significant and 1n group
JAI probably sgnificant, Thus 96 pauents almost surely and 28
more possibly wete benefited by the operation.

His alternauve method of clasifying pauents by npes” 15
based on esumauon of pulse pressute in the resung honizansal pos-
ture Pauents with natrow pulse pressure which 15 less than half
the dastolic pressure are placed 1 gype 1 Those with wuder pulse
presture equal to o up to 19 mm more than half the diastolic
pressure consutute type 2 Finally those with pulse pressure 20
mm or mose greater than one half the diastolic pressure form type
3 The results of the operaton were best 1 type 1 and poorest in
wype 3 Itss snteresang that the best results occurred 1 gype 1 fe
males and poorest 1n fype 3 males

Eleven of the 156 panents had pyelopephrins and i all but
one 1t was bilateral. Smuthwick notes that as a group these pa
uents did upusually well Intidentally the surgical exposure used by
Srouhw ik, allows careful mspection of the idneys and adsenal
glands This 15 proving to be important 1 some hypertensives 1
shom adrenal tumors are revealed

The effects of operation do not appear to be pnmarily depend
ent on the state of the renal artenoles as judged by renal biopsy
since there was no sigmificant difference w results sn patents with
mild or no renal artenolar disease and those having, more advanced
changes This 15 10 accord with older swdies in which the state of
the renal vasculatute was esumated wduectly from clearance
studies Clearly thus face along with others cited, indicates thae the
pnmary effect of radical sympathectomy 1§ not on the renal
calar bed Sull 1t should be recognized that most 1f noc all e
uents wath severe renal disease do nor benefir matertaily froy S:
opesation and that they may even suffer damage y fram the
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5 'Total sympatbectomy ' —Gnmson 1 1940 performed the
first complete sympathectomy for hypertension The evidence he
derwved from dogs made hypertensive by carotd smus and toruc
depressor nerve section suggested that this procedure mught be
more beneficral than the less extensive sympathectomes or splanch
nicectomies previously performed He removed the sympathenc
chains intace 1n panents down to, and occasionally ncluding the
first and second lumbar ganglions

Several panents have shown varying degrees of Jare incomplet
restoravon of the preoperative blood pressure level and a few an
addional Jate lowering of blood pressure Response to the cold
pressor test 15 depressed for 1 few weehs after the most complete
sympathectomies Later the response returns to levels observed be
fore operaton The diminuished heart rate due to cardiac denervaton
apparently persists rates beeween 40 and GO beng frequent
Postural lowering of blood pressure was observed 1n all panents
and tends to persist Most showcd significane and persistent reduc
uon of artersal pressure when measured 1 the suptne posture

Grimson believes the advantiges of this procedure over the
less extensive sympathectomies are a more consistent lowering of
blood pressure a slow regular heart rate postural hypotension
without tachycardin and probably decteased lhelthood of sym
pathetic regenerition The disadvantages not all himited to ol
sympathectomy are greater operauve morbidiey and morelity
decreased vital capaaity difficule postoperative nranagement bt
lateral Horners syndrome occasional chronc nasal congestion
excessive sweatng 1n patches occastonal prolonged weahness and
postura} disability more extensive postoperatrve pain and psychic
trauma and 10 an occasional male patient decreased fertility

Usca cleatance deceeased shightdy smmedately after  cotal
sympathectomy but 1 six months o a year often reached or ex
ceeded its preoperauve level This operation must still be con

sidered expensmental
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SELECTION OF PATIENTS FOR SYMPATHECTOMY

Many have been the attempts © find a smgle test or clwr;1 2
group of tests which will yield reliable saformaton as o whether
or not sympathectomy Will favorably wfluence hypertension Cer
winly no single st has been found sausfactory Gradually most
imvesugators are becomung ageeed that certin obsenations are
necessary before even rough forecasting is possible

Pauents over age 35 are usually rejected as are those with
cardiac failure who do not respond to treatment of those with ex
tensne cerebral artenoxclerasis and repeated strohes  Arrhythmias
such as sunicular Gbnllauon, flutter or blovk contrandicate opera
uon while they persist and are not adequately controlled. As Fish
kerg posots our symptoms due (0 arterosclerosis will nat be helped
and may be aggravated by sympathectomy which explains Smuh
wich s aversion to operating on all paents with high pulse pressure
In contrast to panents with advanced renal or cercbral disease
many widh cardiac compensation who respond to medical wreat
ment often do surprisingly well after operavon Even moderate
reducton of the load on the heart may prevent further episades of
decompensaton for several years

The best results are certainly obtamed 1 heth and Wageners
ot Smithwich s groups T and JI The gamble becomes geeater with
group Il and ss further increased in group IV

The mose strhing and least disputed effects of sy mpathectomy
as we pownted out 12 years 2g0 occur 1n some pavents with full
blown early malignant hypettension At that ume most Surgeons
believed the malignant syndrome to be a definite contraindication
for surgery and some sull share dhus view Howerer enaugh of
thest pauients have now been subjected to 0peraton i a number

of chnics with moderately good results 1o msufy the nsks
volved It s of course not surprising that operative mortality 15
gredtest among these patents Syl|

one of the most dramarsc 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 While 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 —~Ejegrounds 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 operaton most clearly scen How
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ever we beliese thar eaceps for tescatch purposcs Operauon should
st be performed unless there 18 eudence of progressine vaseular
detenosanion Whethet sympathectomy wall prevent sasculat de
«cnotanon when performed sery early betore 1t has appeared 18
ot jet hnown

There 1s 2 difference of opuon whether ot ot renal damage
1s 2 contrandication to Operation and, granung It 1S how much
damage 1 sigasficant. Certamly moderate degree of loss of remal
cficency 1 abiliry 1O cuncentrate unire 1 3 speafic grawity of
1018-1022 15 not sufficient grosnds o refuse operation. But the
more severe grades with redaction. of urea cleatance betow 50 pet
cent of normal ard deterioration of concentraung powet 1 1010
or 1012 mnterdict it Here 118 wpportant to be suse that the, falure
15 renal and pot due @ remediable cardiag fadure Tt has been our
mpression that the rale of loss of renal efficiency 15 3. imporant
25 the amount Jost Urea clestance snd concentraung ababity that
ateYow and falling sapdly consucate an almost certam contrasads
catan, Swace renal funcuon 1 ROL apprecuably altered as 2 direc
effect of sympathectomy there need be no fear that urerua will be
preapmted by uan Kory pastOperauve collapse which 15 ade
quately treated.

The average level of the blood pressure is not 2 good 1ndex of
&e tesult to be expected from operaton When dustohic pressure
15 excessvely hagh @ less favorable result may be expected, but this
1s ho more than sayng that the operauon 15 less cliecuve as the
dusease 1s mote severe It 15 an umpression that the more labile the
pressure the beter the cesule Thus 1s possibly wue bus agasm should
nat be made too umpartant a factor m the deasion Smuthwich s
use of pulse pressute 3s an index mav prove more valuable than
average steecal pressure possibly because 1t aids 1n excluding pa
‘s‘:\:a:\;:h .;m-mm°‘°“c hypertension. Howeses 1t 15 us unpres

of a hyp pressor mech
15 an unportant guide even when basal blood pressures are nofmal
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or nearly so One test of this, which scems to us mote crrucal than
a cold pressor sest can ever be, 15 the observation of the pressure
overshoot after 1 Valsalva mancuver The pauent breathes out
1gamnst a resistance of 40 mm Hg for 10 seconds during which
pressure transttonly falls Normally there should be litle nse of
pressure beyond control levels i the succceding 15~120 seconds
Many hypertensnve patients show large overshoots ac this tume
These overshoots indicate 1 visomotor hyperresponsivencss ¢spe
crlly common 1 people who later develop strokes, they can be
tempor wnily abolished or minimized by sympathectomy

Pauents with many symptoms such as headache precordial
pain fecling of tension nd irtitabulity and poor appetite are often
benefited strihangly These are significant factors and should not be
underesttmated On the other hand patients whose symptoms seem
to be relited more to emoronal instability than to vascular disetse
are sometimes only made worse

An important sssuc 1s whether the piuent 15 1 good spore 1nd
given o tahing a hopeful outlook While these considerauons do
not determyne 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 Possibly onc of the best 1s Allen and Adsons sodtum
amyral® test Three gruns of ths drug 1s given every hour for
theee hours 1¢ 9 gr and the blood pressure 1s measured during
this persod If the drastolic pressure decreases to less than 110 mm
Hg good or fair results occur almost four umes 1s frequently as
when the artersal pressure does not fall below 120 mm Hy But
there 1re many examples of results which were evenanlly poor de
spite adequate response of the diastolic pressure Allen finds 1t
casier to be wccusate 1 the prediction of poor results than of good
onces
Other tests have been proposed such 1s admuustrazon of 112
gr sodum nitrite each hour for six hours travenous mjection of
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pentothal sodiwm?® ot tewraethylammonium and inducuon of spinal
anesthesia, but they appeat 1© have no advantage Over the simple
test proposed by Allen and Adson The cold pressor test also does
nat appeat © have 387 progrosuc value 1n relauon to operation.
Thus despice the mulnphaty of tescs which have been suggested,
none of them have proved wotth The Valsalva test has perhaps as
much or more © commend 3t than 20y other At least, 1c 15 con
cerned wieh simple hemody pamic changes and does not volve the
many mechanisms which enter even 1nto the cold peessor test.

Thus the selection of pauents for sympathectomy 15 sull 1 the
empiric stage Those most expenenced and successful 1n this pro-
cedute use 3 combnauon of te factors listed, along wih a large
favoring of wwuon. Such expenenced surgeons do surpnsingly
well 1 their forecasung But the fists of wdications and conura
indications watien by many surgeons show no ol
th most pate are only statements of opmion

1t 15 difficult 1o phrase a statement of ndications for sympa
thectomy They are to ouf view as follows (1) age less than 55
and physiologic age more sigaificant than cheonological (2) ad
~vanaing vascular disease uncontrollable by other means (3) oc
casional severely hyperreacuve pauents (cold pressor  Valsalva,

emotion) who have shown symproms of impending cercbral dis-
ease a0d (4) early malignant hypertension

nsistency and for

A1SCELLANEQUS CONSIDERATIONS

Pacents with very early and labile hypertension especially
women ase more and mare being subjected to operauion with the
hope that the progress of the dicase will be stopped before an

\reversible  phase has been reached So 1t 15 not surprising that
many repors that show the most impressive benepts are ‘hﬁsc o;
operauons on women with early hypertension The best results
should be expected in this group (1) because hypertension

women 15 often benugn (2) 1¢ 15 often very labile, and (3) \\om;:
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achieve at least a temporary reprieve from the ravages of the dis
ease and their life span 15 increased Often what span of life re
mamns becomes far more bearable No espectal benefit occurs to
the lidneys, and severe renal mjury 1s a contrandication The
beart may be benefited by relief from some of sts load The cerebral
vessels can only ndirecely be aided

Thus if the circumstances are suitable, there can be htele doubt
that an adequare sympathectomy 1s often followed by sigmificant
thetapeutic results Bur the smtability of the circumstances 15 not
always easy to determine Our experience 1n patents with advanc
ing vascular disease indicates after three years, soughly 15 per cent
apparent cures, another 23 per cent symptomaticaily and objecttvely
improved, 25 per cent symptomaticaily better and the remaindes
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 experunental unvl these effects an be evaluated

It 15 yanecessary 10 Fecount die many attempts © lower arenal
pressure by diet, Cugrent practices are largely refinements of ofder
ones which 1 no small measure accoums for the facx that diets
siow 1 nse mast be zuck more nigidly controlied than the older
ones and for much of the contraversy which remuns. Thus Jow
solt diess have been used 1 cardiovasculac disease for as lesst 40
sears Only recently has the requirement becn ser that the whnasy
excretson of sodwm be 200 mg or less a 24 hous for the detary
control to be cansidered effecuve Whether such rigid testcuon 15
always necessasy 1s another quesnion. The pamt we wish w0 stress
15 chat sal poor dicts may duffer wadely so thar what was a salt

poor dier a decade ago would be almost salt rich uader cutrent
stapdacds

Lows Soorust DigTs 1N HYPERTENSION

At s point a sharp disuncuon must be made berucen the use
of low sodm diets 2 the teegtment of the cardiac fardure n by per
sension and in the compensated phase of the disease The usefulness
of these diets n the former i nos 1 doube the uncertamry con
cerns the weatment of hypertension as such. Ambard n France
Volhard 10 Germany and Aller 1 the United States long aga rec
cmmended blonde and sodim resnction w the weamment of
tompensated biypertension. Allen and Vothard s studies yn patucular
were nell carpied our bur the wosk recenved only scant confirma
von parcularly when the moderate salt restercuon they used was
pracuced

hempners worh on nice diets and Grolman s
tow sadwm dier problem have brought renen ed u:f:r:fya:é 1:;"
rensive use of bath diets We shall consider ar g poiat only th
drasuc low sodm diets of the sat used, by Grollman Th lzo 1;
be deced { and not reco -

¥ ded for rou
ment of pavenrs for une treat

s far from prosed that these diets have



16 Dlet m the Treatment of
Hypcrtenswn

DICTARY TREATMENT 1s always fascinating and popular People
wstinctively feel that a change n diet mught be helpful Thus, for
most common diseases almost the whole gamut of possible changes
bas been made and almost every one has been touted as the one
sure cure In retrospect one fact seems certain  severe changes in
man s normal diet must be made with care ‘Thus 1s not to say that
carefully studied changes are not of proved value For example a
sodwm poor dret creates a negattve sodmm balance which helps
rid the body of edema Such a diet 15 therefore recommended 1n
congestive falure and other condinons 1n which sodmm ts abnor
mally retained But this does not mmply that we should all use
diets deficient 1n sodium or 1n other factors mineral or organic
The warning of history that diets should be varied from the
normal only with great circumspection 15 especally applrcable in
treatment of essental hypertension Here the situation 15 very dif
ferent from the immediacies of congestive fatlure acute nephrits
and simylar states for any effecuve treatment may have to be con
unued for years Time 1s thus allowed for the unforeseen defetersous
effects of an mnadeq diet to fest tf Ives Clearly then
since excessively low sodum and rice  diets are both highly ab
pormal, their long term effects are unknown and thesr use must
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Clearly this 15 0ot an casy Tegime to follow Unless :‘dh‘:‘f\ 10
scrupulously 1t certanfy will have o value and will be o needless
swssasce dad expease Fren af it s followed with cate there 18 RO
assurance that 1t il do good Unless dhe physician can and will
carefully study his paueng, the diex should not be used. While there
are <cattered reparts of great suckess wich these diets almost none
of them beac charough scrunny I¢ i now secopuzed diat what
efiecrs are achuered seem w be associated with the sodum rather
thag with the chlonde deprivation In some panents sodnm dep-
whanon 18 asssted by prescobing ammonwm chlonde (1 Gm
13 gt ) three umes darly for three dags m the week
Since the aum of 3 low sodum diet 18 sodwem deplenon the
logic of treatment suggests thar deplenon be hastened 1 cenain
patents by the use of mercurral dwreucs as well 35 ammoniunx
chlopde Sach rapid desalung has the advaneage of wdicaung @
short order the probatiluy of a Jong term respoase to treatment by
diet Megbow and co-worhers have suggested myeceon of mercu
punn 2 cc meramuscularly ar satenals of one to four duys after
sturung a low sodiuen diet. Since such 2 regime 1nctesks samewfhat
the fazards of sodmm resinction 1t shonid be reserved for pauents
who ate under careful supersision and control
Dangers of drasttc sodsuen vegtricion —It must be obuious that
such drasac sodmm restricuon 15 not wihout danger Most people
hnow that 1 hot clumates vaseular collapse can occur when sweat
wg and oss of salt are excessne and can be part alleviated by
whing salt It 15 possible that the lowering of blood pressure @
some byperzensive patents when w occurs 15 » mabder form of s
vascular collapse seen in notmal penoas under the stress of sale~
waer foss due 10 heat In shore the patient must {ive o the nagrow
range where salt withdrawal 15 sufficient parually to fowee hlood
pressute but wsufficient 1o precipitate collapse
e mfﬂ;:::;d:\z)s are functiomng normally the zone 1n which
) operae i bly wide Bur with d ged




358 ARTERIAL HYPLRTENSION

long term value mn the treatment of hypertension There 1 no doubt
that many pauents do not respond at all Turther, no test his been
devised for the selection of those who will respond

Preparation of low sodwum diets (Appendin 3) —One of the
cluef problems of physians wishing to give the drasuc low salt
diet 15 1ts preparation and the preparauon of the patient to tahe 1t
These diets usually are monotonous and tasteless They should be
coohed with care, for Can that which 1s unsavory be eaten without
salt> (Job 6 6) Some people sumply refuse to eat them others
disconunue them after several weehs Many others find it pracucally
mmposstble to prepare the diet or to have 1t prepared for them 1 1
palatable way Fven with intelligent piuents constant control 1s
necessary lest some unforeseen source of sodmm be admitted 0
dus socrally selece group of dietary molecules Treated s out
patients 1t 15 safe to say that few pauents will be able to keep the
sodium intake below 200 mg daily

Cerrain rules for guidance may be useful (1) The problem
must be presented to the patient fairly and be thoroughly under
stood by hum An alternatnve 15 t0 hector or bully him into subms
sion  (2) Food must be individually prepared withour salt Help-
ful friends and relatives should be discouraged from aiding 1n the
diet (3) A relable Iist of Jow sodium foods must be adhered to
such as the one on page 386 Specially prepared sodm 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 15 sodium free and as we now
hnow lithwm free There 1s probably no harm 1 use of potassium
contasning  salt substitutes 1n the absence of uremua and oligura
The meal should be served artractively (5) The 24 hour unnary
chioride or better sodrum should be occasionally derermined and
the patient informed of the result This 1s the final control of the
adequacy of the diee Tht 24 hour specimen should not contun
more than 200 mg of sodizm
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Cleatly thus 1s pot an easy segsmme ro follon Unless adhif; ":
scrupulousty 1 certamnly wsll base no value and will be 2 ncedles:
pusance and expense Esen of 1 15 followed wah care there 1 :\;;
assueance that it wall do good Unless the physician can and wd
zan fully smdy s panent the et shiould oot be used. While there
are scattered teporss of great success wih these diets, almest none
of them bear thorough scrutny It 18 now recognieed that what
efiects ate achieved seens <O be assocnted with the sodum zather
than with the chloride deprivation In some patients sodm dep-
tauon 15 assasted by prescubmg ammonium chionde (1 Gat
(5 g6 ) three tumes daddy for dicee days 1a the weel

Since the aim of 2 low sodum diet 15 sodmm deplenon the
logic of treatment suggesss that depleson be hastened 1 centain
patieats by the use of mercoraal dueetics as well 35 ammonum
cidonde Such rapid desalbng has the advantage of mdiaung in
short arder the probability of 2 Jong tetm response to treatment by
diet Megibow and co-warhers have suggested mycction of mercu
pusn® 2 ¢ weranuscularly at imtesvals of one to four days after
startng a Yow sodium diet. Since such a regune tncreases somewhat
the hazards of sodium festacuon 1« should be resecved for patients
wha ate under carcful supervision and coptrol

Dangers of drastic soduwen restrsction —Ie must be abyious thas
such drastic sodm restricuan 15 not without daagee Mose prople
know that o hot climates vascutar collapse can occer when sweat
g 2ad doss of s e exeessne and an be in part allevated by
thing salt It s possible thar the lowering of biood pressute 1o
some hypertensive panenss whea iz accuts 15 4 sulder form of thus
vascular collapse scen 10 notmal persos under the stress of safe—
waer foss due 10 heat In short e patent must Iyve 1n the narrow
range where salt nuthdrawal s sufficient partally © lower blood
pressute but nsufficent preipitate collapse

When the ladneys are funcuoning normally dhe zone 1y whech
the body ¢an safely operate 15 reasonably wide But wyh damaped
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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 maimntains stself at relatve constancy
In contrast, pauents with dimaged hidneys or those under weat
ment with mercurials do nor show this remarhable conservation
phenomenon  Day after day almost undimimished amounts of
sodium appear m the urine and water continues to be lost from the
body The hidneys are unable to stop the losses untl oltgemia and
hyponatremia resuit in vascular collipse This phenomenon 1s weif
Anown in the termunal phase of glomerulonephritis when misgurded
treatment demands rigid sale restriction 1 the face of isosthenursa

While 1dmmustration 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 remedred

Renal blood flow may fall during drastic sodium restricuon and
ability to concentrate urtne may decrease Withun the year or more
that thus has been studied 1t appears to be a reversible process On
the other hand if the reduction s of sufficrent degree and s cause
unrecognized great damage mught be inflicted Tius problem de
serves careful considerauon before these diets are widely used A
few pauents show mcreased cyhindruria during low sodwm treat
ment

We hope that we have made 1t clear that the drastc low
sodum diets are disunctly experimental Only a few patents appear
to respond with a signtficant fall in blood pressure 2nd no means
are known for selectng, those who will respond The diet 1s difficult
to prepare and costly It 1s not without danger on two counts
(1) vascular collapse from extreme salt deprsvation 1s always just
around the corner and (2) renal efficiency 1s often temporarily
significantly reduced Study of these diets 15 however well Jusafied
and 1t 1s hoped that those 1n a positon to mvestigate them ade
quately will do so with care and dispatch



DIET IN TREATMENT 361

Tug hEMPNER RICE DIET

Fen sugg for the of Iyp e 0
ssred contosersy a8 the nice dut, Bvery shade of opinion st
Some see 10 1k a cute whalg others yiew it 35 deserviag af podung
tmare than Casual unterest. At present 115 pot posable on the basis
of published evidence 10 Bfmie 2t ANy considered oprsa of s
value Maty of us remember the eauemes af wiew expressed 13
seats ago about sympathectomy This emotonal appeosch as one
ouhs hach on &, contribuied hnte 1 und N
of the problem

The nen det aad the sodum deplenon dier are alde 1n that
each ylds about 200D calones fuel value and contains less than
05 Gm of sodoam They differ 10 thewr protews coneay, which 1
herapners fegme 15 fess than 20 Gm. and also  hempaers
assumption that other foods contmn urudenpfied toxie substances
sot present o nce which embagrass e hidaeys

Age the effects of the dier due t0 (s low sale comcent 0 us
low segetble protein content, to Joss of werght, to pegame m
wogen balance ot 10 a combinanon of these phus 2pgressive mass
psychotherapy” The answer s cestundy that we do sov boos,
In our hands the few pauents who show a consitent dectease
w piessure on the mee diey show the same chunge on 2 Jow
sodiun det, 104 the decrease 1 both cases 1 sbolished by gring
sodwm chlopde Maay of these problems will seon be answered.
The anfy danger 15 that, meanwhide posers may be uncansciusly
conferted on a dier wath 2 cawchy aame whase value hay yet 1o be

eeen empincally proved. Thorough sudy s certunly pusufied bue
S umpostance must be he;

pt i foous Sath oer aspects of e
menta) therapy P e

of e navse

We ey be alloned tso obseruanons, s hick we confess haye
been made 2 good many umes before mote detasled discussion of
the diet Furst, and smportant, hempaer like many enthususuc
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chinierans, from his reports does not seem to evaluate the hyper
tensive patients condition adequately 1 a control period before
the diet 15 started This 15 1 sertous criaism and one repeatedly
leveled at surgeons with only sporadic success At the very lewst
three weeks and often several months are requiced before even
a semblance of a control base line can be established, and n some
patients even thus 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 chloride and 150 mg sodum From 250 to 350 Gm of
nice (dry weighe) 1s tahen datly All fruits are allowed except nuts
dates avocados and dried or canned fruit or fruie dernauves
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 allowed Usually no water 15
given and the dauly fluid intahe 1s imited to 700-1 000 cc of fruit
juice Supplementary vitamins are added—virimun A 5 000 unis
D 1000 unuts thiamine hydrochloride 5 mg  nboflwin 5 mg,
nuacinamide 25 mg  calaum pantothenate 2 mg  Rest m bed 15
neither necessary nor desieable Weight may decrease mirhedly
during the first 20 days

The diet should be conunued without modification unul the
conditions which were the indication for sts use hwve disappeared
‘Then small amounts 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 although Schwarez and Metls found
excretion of mitrogen greater than the intake 1¢ a negauve bil
ance Blood nonprotemn mitrogen was lower 1 patcats on the nice
diet than n normal or fasting persons (1¢ 27 compared with 31
mg ) and average urea nitrogen was 14 1 mg before the diet and
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78 mg after Hypercholesteremia decreased mathedly with the nce
diet. In 200 of 284 pauents with hypertensive ascular disease (70
per cent) who had cholesterol concentrauons of at least 220 mg
per 100 cc 132 extubited a decrease © normal levels Free choles
terol and cholesterol esters Jecreased duning the Tice regume 18
about the same proporuon. There was a decrease of 99 per centn
sodium concentraton 0 the urne and of 4 3 per cent in blood and
an sigaificant 1ncrease 1 potassium COnCentrauon.

hempner s indications constst of all serious wstances of acute
and chronic nephrits heart fatlure which does not respond to the
customary salt restricuon and drugs artertosclerouc and hyperien
sne vascular discase with cardiac cerebral reunal or renal 1nvolve
ment and uncomplicated hypettensie vascular disease when 2
more hiberal regume weight adjustment restcuon of activiues
sedatnes etc have falled. It 15 suggested as a therapeuuc test
before sympathectomy 15 considered.

In cases complicated by pepuc ulcer raw fruie should be
avorded and only cooked stramed fruse used. Water or dialyzed
msl\ may be substituted for the frwit juices ‘There 15 no contra
indicanon 1n diabetes mellirus Blood and urime must be frequently
cheched becanse loss of Cl and Na may reach serious proporuons
Sodiam cannot be replaced as quickly as might be supposed after
depletion

Symptomatic improvement may be stnhing Of 500 paucats
most oi\\\hcm “:;re‘ s;rmusly ill and many of whom had accord
ing to hempner tau
de( was meljﬂecu\c :1 1‘;’8"51510;32‘10;‘;:::?5 o "mlment“ he
following changes decrease 1n mean blood e o e
mm Hg reducuon of heart size by 18 presute of at leost 20
T: from completely wnerted Y onhe, :1:: or more change ta
recopathy The trme o upright, disappearance of severe

equired for the blood pressure to decrease
vanied from four days t 10 months In 40 with and 85 without
renal ivolvement, blood pressure returned to normal or almost
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chimcians, from his reports does not seem to evaluate the hyper
tenstve pattents condinion adequately 1n a control period before
the diet 15 started This 15 3 serious crticasm 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 a0d @ some
patients even this 15 not enough

In 1944, Kempner first reported on the use of the nice diet It
contatns 2 000 calories not mote than 5 Gm fat, 20 Gm protemn
200 mg chioride and 150 mg sodium From 250 to 350 Gm of
nce (dry weighe) s taken daly All fruus are allowed except nuts
dates avocados and dried or canned frust or frue derrvatnes
which substances other than white sugir have been added Not
more than one banana a day may be taken White sugar and dex
trose are allowed ad libstum, on the averige a pauent tahes about
100 Gm datly bue 1f necessary, as much as 500 Gm may be used
Tomato and vegetable juices are not allowed Usually no watec
given and the datly fluid 1ntake 1s Itmuted to 700~1 000 cc of frumt
puce Supplementary vitamns are added—vitamin A, 5 000 vnits
D 1000 units thiamine hydrochloride 5 mg  niboflavin 5 mg
nucinamsde 25 mg, calewm pantothenate 2 mg  Rest in bed 55
nesther necessary nor desitable Weight may decrease machedly
duning the first 20 days

The deet should be contued without modificanon unul the
condittons which were the indication for its use have disappeared
Then small of nonlegy ous vegetables potatoes lean
meat or fish (prepared without salt or fat) may be added

Niutrogen equiliboum s sad by Kempaer to be mantaned de
spite the low protemn content, although Schwartz and Merhs found
excretion of mtrogen greater than the inmhe te a negauve bal
ance Blood nonprotein nitrogen was lower in patients on the rice
diet than 1n normal or fasung persons (1e 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 reverstble by 1d ratton of a sale cc diet which
quickly restores the patients to therr former state
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faciltses for refngerauon are madequate the botde 15 ninsed with
a few drops of formaln® or wcresol He 1 snstructed to tabe no
fwd no frusts nothung such as gelaun desserts of ice ¢ream which
1n some phase of s existence can be poured This resncuon 1s 10
begn at 8 A M on the day of the test and to contiue uawd 8 A af
the following day He 15 0 discard unne passed dunng the day and
101014 and discard urine at 8 Pa AN unne passed after 8 P s
collected 10 the borde including the speamen passed at 8 A.AL oa
the second day The unine 1s then brought for exammanon Undue
thurst may be relieved by chewng gum.

PROCEDURES

Estimation of concentrating pouer—1 The wemperature of
the unine speamen 15 measuted and specific graviy found wath an
accurate (tested and cheched) uninometer It 15 important to avard
parallax n tahing the reading and to insert the unnometer nto the
unne with 2 spinning monon so that it 15 freely foaung 1n the
cylinder Most urmnometers are calibrated against water at 15 C.
Consequently the observed reading 15 corrected for the emperature
of the specunen by adding 0001 for each 3 degrees above 15 C. or
by subtracung this amount for lower temperatures

2 Unge pH 1s then measured with nitrazine test paper

3 Unnary glucose 1s searched for {quantitatve Benedicts re
agent) or estimated semuquanttatnely using one of the office test
huts (eg Chnuest)

4 URNARY PROTEIN This 15 measur
Wt easured by the methad of
Ponaple  Protein 18 preciputated by addinon of an alcohohie
solution of phosphotungstc acd and the preciputate 15 pached to
2 measuted volume 1 the cabibrated narrow stem of a special
centrifuge tube under standard conditions P
Method. To 4 cc of filtered or clear normal or shightly pro-
teinunc unne or 1 the same solume of 3 water difuuon {1/4 YJ 10
1/20) of heavily proteinunc unne m an AddisShevly tube 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 protemn output 1n the
unne and for the sediment count

The pattent 15 given a clean dry botde such as a Mason jar If
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facilstses for refrigeranon are wadequate the bode 1 rtnsed with
2 few deops of formaln® of tncresol He s mstructed to tahe 10
fuwd, po frus aochiag suth as gelaun desserts or ice ¢ream, which
in some phase of «s exssence can be pouted. Thus sestucuion s 0
begin at 8 A on the day of the test and 0 conunue unnd 8 AN
the followsng day He w 1o ducard unine passed dunag the day and
10 voud and duscard urine at 8 £ All urine passed after 8 Py 15
collecred 10 the borde inchudirg the specmen passed ac 8 AL on
the second day The urme 15 then brovght for examinanon Undue
dhurst may be rebeved by chewing gum.
PROCEDURES

Esumateon of concentrating pouer—3 The temperature of
the unoe spectmen 15 measured and specific gravity found with an
sccurate (tested and cheched) unnometer It 18 impottant to avoid
paralias sn sabang the reading and ro asert the unnometer 1o the
unne with a spinning moton 50 that 1 s freely floatng i the
qlinder Most urmomerers are cahibrated agawnst water ar 15 C
Consequently the abserved reading 15 corrected for the temperature
of the specumen by addmg 0001 for each 3 degrees above 15 C. or
by subtracuag thus amount for lower temperatures

2 Unoe pH 15 then measured with miurazine tese papes

3 Unnasy glucose 1s searched for (quanutause Benedicts re
agent) or esumated semiquanutauvely using one of the office tesc
Lats (eg Clntest)

4 URINARY PROTEIN This 15 measured by the
method
Addss and Shevky Y e o
Prgaple Proteun 15 precipiated by addimon of an aleohokc
solution of phosphorngstic acid and the precipitate 15 pached to
2 measated volume 1 the calibrated narow stem of 2 special
centrifuge tube under standard conditsons

Method. To 4 ¢c of filtered or clear notmal or shightly pro-
PEIBUIIC urife o 1o the same volume of 3 water diluuon (1/4 1/10
1720) of heavily protesunc urne m an AddisShevky whbe 2dd
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25 cc of Tsuchiya reagent Mix the fluds by inversion, let stand
10 min and then centrifuge for 10 min at 1600 rpm

Tsuchya reagent 15 made by dissolving 15 Gm of phospho
tungstic acd 1n about 500 cc of 95% ethyl alcohol Add 50 cc of
concentrated hydrochlosic acid and make up to 1 L. with alcohol

‘The column of protemn precipitate 1s measured along the nar
row stem of the tube, if 1t 1s more than 04 cc, the urne should be
diuced and the determination repeated The height of the column
X 72 X the urine dilution equals the proten content 1n Gm /L.
Protein 10 Gm /24 hr s found as

O /L X G X ot oo

5 The specific 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 cownt —The count 1s done by enumerauon of the
formed elements of the sedtment mn a hemocytomerer chamber
Actdification and concenttation of urine mncident to the measure
ment of concentrating power tend to preserve the sediment (hyaline
casts dissolve in alkaline and red cells 1 hypotomic urine) If for
any reason only the count 15 desired 1t may be done from a fresh
specimen collected over any desited (3 6 12 hr) period In such
a case 1t 15 best to ninse our the collecuon bottle with formalin®
before the test

Place 10 cc of urine n an Addis sediment tube Centrifuge to
gether with the Addis Shevky tube used i proten estumation If
there 1s a heavy preapitate of salts, pour off the supernatant re
suspend the sedrment 1 0 9% saline and centrifuge agan for 10
mwm at 1600 rpm

After centnfuging estinate from the volume of the sediment
the volume of supernatant 1n which 1t 1s to be suspended before
countng (eg 01 02 04 even 10 or more c¢ } The suspenston
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1s carefully made with an applicator such Each chamber of a
standard hemocyrometes 15 then filled with suspension

Cast COUNT Under low powet with the light well cut down
4l the lacge fully enclosed ruled squates (the area used 0 white blood
cell connts) are searched for casts. The area scarched 15 18 sq mm
(959 mo. o each side of the hemocytometer) The number of casts
counted 15 then druided by 18 © ndicate the cast count/sq mm.
Casts are noted as hyalioe finely granulat (ths difference 15 more
2 matter of concentranon and acdiry of unine than of chinical 1
terest) coarsely granulag cellular (red white epithelial) pigment
and renal fallure casts. 1§ po casts ate found 10 the o sides the
hesmacytometer 15 freshly charged and the search repeated. With
the sediment diluted 1 0.2 c¢ 20d unoe volume of 500 ¢ 1 12
e shsence of casts 10 36 sq mm. of counung chamber surface

indicates less than 2 700 casts/12 be
nificant.

CeLL CouNT The cells counted are red blood cells and then
white plus epithelial cells squ pichel 15 not counted.
The count 1s done under the high dry power with 1ncreased itlume
sation It 1s necessary to focus up and down by means of the micro-
scope s fine adjustment during the count because the cells do not
settle out on the floor of the chamber as they do 1n blood counts
The cells are counted 10 the centsal ruled squates on each side
of the hemocytometer (the areas used 1 red cell counts) The area
counted 1s 2 5 mm Depending on utine volume it may be desira
ble to clean and recharge the chambers with suspension so that
the acea counted 15 ncreased unul pathologic levels of red or white
cell excreuon are clearly absent. The cell count mn each series

divided by the area surveyed inducates the red and whue plus
epithelial cell count/sq mm

1e., less than are usually 15

CaLcutaTion The sediment excretion 1s most easily caleu
lated by reference to Hines s nomoggaph (Fig 17) The data neces
saty are solume of urine, hours of collection, solume 1n wht
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Fi6 17 —Nomograph fi
Hines Am ] o Scs“ll;n ggllh:;;rl;l of unine sedunent (Addis) Description on page 371 (Courtesy of D C.
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f count

sedumeng was suspended and number of elements/sq mm. ©

g chambes floor Alernamely the follonog formula may be

used

wine vol 18 e X 12 9oL of SUSPERNOR ¢ lermegrs/q oot
hours of collection i

Results are expressed i units (casts red white plus eprthelial) pet
12 b

Interpretation —The p of the conc et 15
considered on pages 271 ff It 15 important © make sure that the
pasient hus understood and complied with the instructions and
that there 1s nesther receding edema (measurable by weighung be
fore and after flud restncuon) not prolonged protuin and salt
underputson {such as occurs dusing the tice diet)  Although the
pitressin® tests are not as crucal i differenvaung eaniy fanure of

concentrauag power such tesis may be desrable 1n condions
which mnsalidate of c dicate the cons

test. In patents
with coranary artery disease use of piutary exttacs m3y be dan
gerous

The upper Lunit of normal protenuna 15 taken as 02 Gm/24
hr Normal values 1 the sediment counts ate Iisted on page 268

6 1 —To use the nomograph place 2 straighedge 2cross twa desig
Atrea scaies Intersecting them at gi en vafues, and 1ead at the 1ntersecuon with
a third scale a denved value The scales A B D F and J iclude the onginal
daa obuined o che study of the uriae The sales € E G and A give derned
daa To calculate the connt of the uriae sediment
1 Usngscales 4 apd B obuun 2 value oa sale ¢
7 Using the newly fouad po at on sale C in <Gnnection with scale J fead
ilemsuzﬁles Ll ls?le ﬁ apples to E: Addis modified wechaie for proteta,
08865 ml graduated cents fuge tube For the ofy,
tbe divide the obtained value by 7 ) il sche Coaing 3113 ol
; &mg s(zksl: and D tead from scale £
noect ag the gbrned pomt on scale & with successive posazs
F read from scale G che values for the respecuve formed c]&lDEnPL.: i 0o scle
‘e _ 1B
‘ormutas for checlyng € = 2 G=100¢DF R=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 urtne collecuon shovld be camed on for a thurd hour The
onginal firse speamen can then be discarded and the second and
thurd sent for analysis In some condinons 1t 15 xmpmcucablc ©
establish sausfactoty water diurests (Congesuve heart falure hepatic
curhosss acute glomerulonephns) then the test must be done on
small volumes of unme The disadvaatages of this are (1) dhe
fracnon of utea reabsorbed n the wbules 15 mcreased and (2)
errars due t0 wcomplete bhdder empryng ate exaggerated. When
such condsesons exist and when there 1s hnown 10 be residual unine
2 single specimen should be collected by cathetetizauon for 60-90
m
Measurement of urea clearance 1 might unine has been advo

cated by Landis The specimen 15 collected between the last vouding,
before going to bed and the ume the patent commes to the labora

tory for blood sampling 1n the morning Advantages of the method
ate (1) the patient does not have o be at the hospital chinuc or
laboratory dunng the usine collecuon (2) no spectal hydrauon 15
necessary and (3) errors due 10 resdual wnne are mummized by
the relanvely large volume of unne Dusadvantages are (1) the
test 15 done under conditions which usually establish a slow rate of
arine flos (less than 1 cc/mun ) 50 that the results are somewhat
lower than those cbtaned by the customary method (2) the ume
of utine collection 15 dependent on the pauents recollection  (3)

the blood urea concentration assumed to be constant duning the
ume of callecion may 1 fact vary appreciably n patients with
renal disease  (4) although the laboratory may rejoice 1n the re

duction of the number of unne usea analyses by 1 the possihiliey
of undetected error 15 automatically increased

PROCEDURE

‘l;he ;ml;t \:Ifume 15 measured and the volume of fow (cc/
mun ) caleulated for each specunen The
ey unne s5 then appropriately
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URINE FLOW AND URINE DILUTION
URINE ILOw DILUTION AFTER
Cc /MIN

DrLuzion PROTEIN PRECIPITATION
<pl 11000 1350
02-05 1750 135
05-10 1500 125
10-20 1250 115
2040 1200 110
40-90 1100 13

Principle The method suggested 1s a modification 1a particu
lass of the method of Archubald Utea condenses with & 1sonstroso
propiophenone to yield a red color Under switable condiuons the
color yield 1s proportional to urea content, while the interfering
substances 1n blood and unne do not contribute to a sensible error
The color 15 unstable to hight Consequently 1n our modificaion 1t
1s developed 11 Corming Low Acuntc test tubes, 1n which 1t 1s stable
for long periods

a) Protemn precipitation (Somogyr)

REAGENTS (1) 03N Ba(OH) (2) 5% ZnSO:7H O The
solutions are adjusted so that 10 cc of the Ba(OH)- ncutral
1zes 10 cc of the ZaSO4 solution Titraton 1s done dropwise with
phenolphthalein as mdicrtor The end pomnt 1s a pmk color which
persists for 1 min

Procepures 1 Blood (macro 1/20 dilution) To 15 ¢c of
water add 1 cc whole blood Mix and let stand unul hemolyzed
Add 2 ¢c of 03N Ba(OH) followed by 2 cc of Zn50; solution
Stopper Mix by shaking Let stand for 10 mun Filter or centrifuge

2 Blood (micro 1/50 dilution) To 9 cc of water 15 1 centrt
fuge tube add 02 cc blood M and hemolyze Add 01 cc of
Ba(OH) solution and then 04 cc of ZnSO; solutton Stopper
Mix Letstand 10 mun and centrifuge

3 Unne For protesn nich unne add 1 c¢ of unne to 18 « of
water and 1 succession 05 cc cach of banum and zinc solutions
Mix and centrifuge The de proteinized supernatint 1s then diluted
appropriately (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 diluuon 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 concentration of urea
N 1 the uahnown may be calcufated by referring to the standard
solution neatest 1 color density thus where D = color density

conc. of unknown_ weea N_ D unknown
conc of sandard ~ Dsundard
<o
%m;%ﬁx—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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ARATUS.

szhlt:: tra with plaun rubber cathesers zad wih 1 cach 12 and M F
sddh cacheters wath Coude up

Bowl and srenile ssbine 150 for bladder washing

Jawavenous ser 250 <o sabvarsan fash with wblag, ghass needle adaptor
and Murphy dap

Stenle pyrogen free saline ot water 500 <.

Tunoel camp for controlhing rate of fow

10 gage aeedle for meravenous drp

22 gage needles for blood sumpling

Hepumzed flasks for blood samples (each contashs about 22 unuts of
hepann, te 02 cc of a water solwuan of hepanin contaning

110 units/cc. dried 10 the Bask)

10 cc. syringes

PrOCEDURF 1 Blood blank (Bo) Collect 10 cc of blood 1n
a syrnge through a 20 gage needle (for hematocnt, mannitod and
PAH plasma blanks)

2 Prumng 1nfusion 15 started through the same necdle This
solunon 1s mtended to raise the plasma concentrations of PAR
and manauol rapidly w the desited levels It 15 made up 1 the
fash by mixing 50 cc of 25% mananol 4 oc of 20¢c PAH Na
(sodmm p-amumohsppurate) aod malung up o 100 cc with saline
of water It 15 run 1n at a rate of about 10 cc/nun. Dunng this
ume the catherer 15 placed and anchored with adhesive

3 Sustumng snfusion As the prinung mbusion approaches the
end of the flask the tate of flow 1s slowed to aboue 4 ¢c /min  The
suswmning infusion 15 mixed m the Sask as the prming fows our.
ft contatas 85 ¢c of mannytol solution 10 cc of PAH Na and 1
made up to 200 cc wuh saline or water It ss infused at 4 rate of
4 cc foun
m(:dr:\\‘nﬂ;foen?hdbls d‘s"“ of ssaaung afuson he une 1
ninsed with 3 :xcc;sn: Sgr(: - :‘ : . ccf 3 e, The bladdes s
expelled by njectin, pemons o sabine The last sise 13

8 atr 20d withdrawing 1t by suptapub
Ths unine and che wastungs are discarded PR prossire
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5 The first blood sample (10 cc ) 1s withdrawn about 4 mm
after the start of the urine collection

G The bladder 1s empued at about 10 mun  The ume of the
fast tnse 15 poted to the nearest quarter minute The spectmen 1s
labeled Us

7 The second spectmen of urine 1s collected as was the first
1bout 10 mun later Time 15 noted and the specimen labeled U

8 At about 4 mmn 1n the third period the second blood is
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 20% solunon of PAH Na 1s mjected into the tubing 1n
about 5~7 min  The pattent should be warned that he will feel a
sensation of heat or a desire to expel flatus but that nothing more
untoward will occur

11 To the infusion flud remaining 10 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 urine plus washings
discarded

13 The thued blood 1s collected at about 4 min

14 The fourth urine specimen s collected at about 10 min

15 The fifth unne 1s collected at about 10 nun

16 The fourth blood 1s collected at about 4 mun 1w the sl
urine period

17 The sinth unne 1s collected ar abour 10 min  This collec
tion ends the test The mfusion 1s discontinued and the citheter
withdrann

On the record sheet which notes times of urine and blood co!
Jections and the course of the test (pun difficulty 1n collecung
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e, etc ) shoutd also be noted the pauents blood pressure be
fore and twice dunng the procedure Heighe, weight blood urea
and plasma toral protemn content should be recorded on the same
sheet Doses of manmitol and PAH are sunably adjusted for major
abnormalities of reaal funcuon or of body size
ANALYTIC PROCEDURES

1 Preparation of plasma filtrations

4) Cadmum filtrate (Fupta 2nd Inatake)

REAGENTS. (1) CdSO solunon 3467 Gm 3 CdSO8 H-O
1693 cc 1IN H SO and water to 1 L. (2) 11N NaOH

MeTioD To 15 ¢ of water add 1 cc of plasma and 3 cc. of
€450, solution and mix Add 1 cc of 1 1IN NaOH Stopper Shake
filter or centrifuge

b) Somogyi Ba Zn filtrate 1/20 as described undcr urea method
apphies equally sell

2 Determnation of mannustol (Cotcoran and Page)

Prinaple Manmitol 1s oxidized by periodic aaid to yicld formic
acd and formaldchyde Glucose although attached, yelds lbutle
formaldehyde The excess peniodic auid 1s reduced by additon of
stannous chloride The formaldehyde yicld 1s determined colonimet

nically by an adaptation of the method of MacFadyen
REAGENTS (1) Penodic actd reagent (003M wm 025M
H 504

(2) Sunnous chlonde (prepated daily) Approximately 285
Gm reagent grade $nCl 15 dussolved n 100 cc. 25N HCl This
solution 15 utrated against the KIOs and adjusted 5o that 10 cc of

the stannous chlonde reagent 15 equivalent t© 102 ec of peniodic
acid reagent (starch sodine mdicator)

(3) Chromotropic acd teagent (

prepared daily) To 02 Gm
< pic acid (18 dibyd phthalene 3 6-disulf aad)
placed 10 2 100 cc volumetnic flask 15 added 4 0 o water to dis

solve it The teagent is made up 10 100 c¢ by adding 15M H 50,
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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 eacretion 15 depressed)
m a rall test tube calibrated ac 25 c¢ (eg Lewss and Benedict
blood sugrr tubes) The sample should contain 05-30 mg man
nitol/100 ¢¢c To this 2dd 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 contuning 2 cc of water plus te
agents

A plasma blank (oxrdized) s set up mn 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 tbes 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 cwnvette 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

CaLcuLaTioN Concentritions 1n urine 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 blwak The duference betwcen
oxidized 1nd unoatdized plasma blinhs 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 mannitol blank
15 then subtracted from the unhnowns and the unknowns muln
plied by the dilution factor (usually 1/20) Thus if the density
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Afference bexneen oxidized and unoxidized plasma blanhs cquals
02 mg mannitol/100 ce. and the apparcnt toncentration i the
1/20 Hlrate of By s 23 mg /100 the true mannuol content of
the fltrate 15 21 w5 /100 << a0d the manaicol content of the
plasma 42 mg /100 cc.

MANNITOL PA PAH (T

FLTERED 1200 00 04zmasmn 10 mg/me
SECRETED omsmn 136 maimn e0ma/ma
REABSORSED o my/me 0 __masmn Omyimn
EXCRETED i20myrm W mqima 30 mg/mn
PLASA Z0coimn | 700 ccimn 1BOccsma
CLEARANCE.

_Gwswet
FiG 18 —Disgrams 1o show priaciples of manmeol and PAM dleatance and

of T measuremene The copvenaons used ace s @ lar 10 those for soulia 2nd
dodus® (p 81

o {\Mod fied from Sharp and Dohme Scminar™ sol. 9

Plasma manwto) clearance 1s found as UV/B where U s
unnary mannttol (mg/ec) V volume of utme plus washings 1n
cc/mun and B the plasma mannuol concentration 1n mg fcc
Swace at usual rats of utine flow about 105 of Alirable mannitol
15 reabsorbed in the whules glomerular filtrauon saze (GFR) 15
esumated as the mannuol clearance X 11 This value 1 cosrected
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for surface arca by multiplying 1t by 173 divided by the body sur
facensqg m

3 Determnation of p ammobippuric acsd (PAH) and Toneim

Prnciple The p amino group s diazotized and coupled with
the chromophore (1 naphthyl ethylenedtamne) in the presence of
ammontum sulfamate The method 1s 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 dithydrochlonde 100 mg /100 cc This
solution 15 stored 1n the refrigerator 1 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 bout 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 dilution of the
plasma filtration  For urine sumples 2 ¢ of 1/100 dilution of
urine 1s mde up 1 10 c¢ for analysts In the Tm periods the
1 100 dilution 1s diluted 1/10 and 2 cc 1s used for analysis made
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wp o 10 c¢ 1 the tese ube Didutions are decreated 1 unne 25
renal funcnon fasls (estsaated from blood ucex N}

CarcuraTion Plasms PAH clearance at fow plasma concen
eravion 1 caleulated as UV /B and the sesule corrected 0 173 5 m
body surface Undet most crcarnsiances this value 15 equualent to
rena) plasroa Siow Renal blood flow 15 calculated as plasma PAH
dlearance/ 1 — hematoerst,

At bught couctarations the measurerment destred 8 Tmwsn o
exsence the calawlaton consias . subtracung from tonl munuce
unnary PAH the PAH contnbated by filuranon., Oalg aboue 83%
of plasma PAH 1s filtrable The residuad 17°% 15 bownd to protan
Cassequently filtered PAH 15 calculated as 083 X Pran X glomet
ular filtranon tate Alternatnely

Topyn = Cppgr~~ (083 % GFR) Pp
whete Cean ts PAH pla.ma cleatance at hugh concentratons. Ths
salce 15 then corrected for sutface area

In summaty dueer observations made by these mehuds ave

1 Renal blood flow (RBF) = Cpan/} ~—hematocsit

2 Renal plasma flow (RPF) = Cran at low concentrations

3 Glonenstar filteanon rae (GFRY=C 1, Cpy v « Conso

X111
4 Tmran = UVisn ~083 Pran GIR
Desed values are
5 Fiwaton fracuon “= GFR/RPF
6 RBF/fmpan BPF/Twmran
7T GFR/Tmpan
8 Renal reustances

o} Qverall Pa/RBF or (Pm— 10)/RBE P 15 the mean

of the systohic and dsastolse areerial pressures Pm— 30 55 gome

ames bréferred 45 a closer 4pprosmation 1o mean arena) pressure
4) Reststance per unit T

s pecunt Tm ez, Pro/RBE/Trnpay or (P10
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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 diluion 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
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up to 10 cc.n the test tbe Difunons are decreased 1n urine as
renal funcuon fails (estunated from blood urea N)

CALCULATION Plasma PAH clearance at low plasma concen
wranon 15 caleulated as UV/B and the resule correced t0 1 73sq m.
body sutface. Under most arcumstances thus value 15 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 —hematocnit

2 Renal plasma flow (RPF) =Cian at low concentrations

3 Glomerular filtration rate (GFRY=C o Cauos 1t ¢ Coaon vl

X1

4 Tmean = UVran—083 Pran GFR
Demnved values are

5 Fdtravon fraction = GFR/RPF
6 RBF/Tmein RPF/Tmran
7 GFR/Tmian

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 sobiunt DIET

TOTAL DAILY TOOD ALLOWANCE

2 servings fruie {from hst)
1 serving cereal (from list)
5 shces bread (unsalted)

squares butter (unsalied)
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)

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
15 cup frozen asparagus
1 cup sliced tomatoes
1%% shices salt free bread

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

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 fruir juces
Canned dried or frozen fruns 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 [emon juice
salad oils or any of the permussible seasontngs 1n hist of condiments

Fresi

Asparagus Beans green
Brussels sprouts  Cabbage
Corn Cawpeas
Fadie Letruce

Oksa Onions

Peas Potato

Ruce Soybeans
Tomatoes

Beans lima Broccol

Carrots. Caulifloner
Cucumber Eggplaae
Macarom Mushrooms
Parsle} Parsnips
Pumphin Radishes
sngfm Squash (all kinds)

Turnips (white yellow) Turntp leaves

P
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Aspatagus Beans, green Brussels sprouts Caulitloner
Beans, pavy Soybesns

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) Chuckea (fresh)
Pork (fresh of frozen) Duck
Rabbit ({resh of frozen)
Vel {fresh or frozen)

Turkey
Quail
Fidh (fresh)

CEREALS
1servng 1 L cop ooked ot 2 cups prepared
Badey pearled  Cornmeal Cracked wheat

B Fanza plain
InuntRalsen  Maltex Oatmeal {solled cats)  Perujobns
Bfied nice Pufed wheat  Ruce Sheedded wheat
Wheat germ Wheateaa

BEVIRAGLS

1 glass 4 8 oz,
Apple puce Coffee G nger ale Grape juice
Gupefrux yuce  Lemonade Orange uice Orange crush
Bocapple juce  Postusa Prune puice Taogenae juice

a

Recansuruted salt free mk, plan or flavored wuh unsweetened chocolate
vanlla, caramnel fresh pineapple suawberry or banana.

DESSERTS
1wy og s b2 cop
Cosnstasch puddiags Fruit tapioca puddin,
Gzlzn:;n desserts made w th plasn gelaun, frus Ruce with fruie lnds‘sugr

and yuices

SWEETS
Cand es should be made with white sugar and salr free mulk.
H Popeorn with syrup

oney
Homacade candics Hershey s chocoia
Homemade o el es mumalades e P

CONDIMENTS AND FLAVORING
Allspice Casaway
Garl ¢

ooamon  Cur

Goneer Lemon extace Temag pas
o Mustard powder Nutmeg Paprika
Pepper black  Pepper red

Pepper whit
43 Supar white  Thyme T SEpeImIAC extract
Van Ua estract V pegar

Wals o
alnae extract Sod um free salt subsurutes™
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FATs
Crisco Spry
Lard Any unsalted pure food oil
MISCELLANEOUS TOODS
Unsalted nuts Unsalted popcorn

Low sodium caranay seed bread

BREAD SUBSTITUTES
Low sodium cinnamon roll

Speaial Passover or thin tea  matzoth

Rearpe for sals free bread
1%4

2 oz unsalted shorteming

2¥5 oz sugar 1 pt water
1 oz yeast
Follow the method for ordinary bread Bake 10 400 F osen for 40 nun Yield 15
2 loaves
Sources of sodium 10 be arosded
1 Salt both at the table and 1 cooking and preparing, food
2 Commerciatly processed toods 1o which salt has been added
) Smohed salt cured and other processed meats such as ham bacon
sale porh sausages corned beef salt fish canped meats and fsh
bouillon cubes and meat extracts
b) Cheese
¢) Pichled and spiced products such as olnes pickles catsup sauces,
sauerhraut salad dressings and prepared mustard
d4) Canned vegetables and soups
e) Salted butter margatine peanut butter and cheese spreads
f) Celery beets beet greens hale dandelion mustard greens spinach
g} Celery salt onion salt garlic sale meat flavoring prepared hotserad
1sh Worcestershire sauce
b) Ocdinary bakery goods and crachers
1) Prepared cereals other than those on cereal list
1) All other salted foods such as prewzels potato chips popcorn salted
nuts most candies and candy bars commeraial jellies and jams
3 Soda products such as bahing soda baking powder self riung flours,

acludiog pancahe biscmie mutfin and cahe munes also various laxatives
and other remedies containing  salts  (consule physiian before raking
any medication)

Beer and wines (consult physician before using any alcoholic beverage)
Foods labeled salt free or salt restricred unless cheched with dicunan
Water which has been run through water softening equipment
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Antunsm dissection
Angina pectons 1n hypertens oo 162

& gnosis 163 165 174
mechanism, f
abter myocardial nfaccuion 186
pan n 164
Prognos s 173,
weamens, 166
vasomaoror and psychogenic pr
o 167 0 B Precp
vasomotor reflex precip tanon 169
Ang ospasm cesebral 226
Ang otonases 255
Asgotonin 119 255
Anticosgulant thesapy 190 F



390

Anticoagulant therapy (cont )
in cerebral thrombosis 235
1n myocardral infarcrion 190 f
m lhrgaslcncd coronary thrombosis

when contrandicated 191
Aotz
in arteriosclerouc hypertension 39
coarctation of 40
fluoroscopic study 150
Bypertensive changes 1 125 £
rupture of 41
1n hypertension 126
spontaneous 199 f
Apha.naz3 zaftcr cerebral hemorrhage

Apoplexy 227 229
Atthythmuas complicaung myocardial
nfarction 194 f
Arterenol ® 19
teries (see also speafic arteries)
adaptation 1n hypertension 111
coll.ax;ralf n coarctation of aorea
1

control of advancing damage 142
increased resistance 1 hypercension
106 A

Arteriogram 42
Arternoles
fatio of wall to lumen 130
renal 249
renal collateral 264
retinal in glomerulonephrins 32
senescence 109 132
Ancnolcss i hypertension 81 £
11

cetebral 226

histologre structure 107

increased resistance 108

muscular 129 f 132

renal 257 f

retnal constricion 27 82 f

senescence 132
Arteriosclerosts

cerebral 227 f

coronary 16259 ‘

hypertensive

:crﬁcl 259 f

retinal hypertensive 27 81
Asthma cardiac

treazment 223
Atherosclerosts

aoruc 125

ARTERIAL HYPERTENSION

cerebral 225 f
coronary 116 f
thrombote occlusion 1 177 £
diseases predisposing 10 143
hiprd depostts 1n 110 143 £
mechanism 110 §
of radial artery 128
reaal 264
strain and 142
treatment 142 ff
Atropine
1n congestive heart failure dose 219
for myocardial infarction 189
1n threatened coronary thrombosis

Axis deviation  aboormal left with
ventricular hypertrophy 158 f
Azotemia uremic 289

B
Benzodioxane test 48 f
Bleeding
for cerebral hemorthage 230
for congestive heart failure 218 f
for encephalopathy 239
Blood
collection of
for plasma clearance tests 376
for urea clearance test 372 f
picture un malignant hypertension
75

transfuston  for arculatory failure

Blood pressure arterial
10 aosuc ruprure 200
basal 16 19
after bleeding 218
conditions causing

changes 19 #

differences 1n o arms 18 20
disclosure to patiear 116 £
diurnal variations 20
factors influencing 15
10 hypertensive encephalopachy 236
normal 22 f
normal and hypertensive mean 107
pulmonary 126
readings

size of cuffs 16 18 24

standard method 16 £
fesponse to cold pressor test 53 f
i thigh 24
transtent elevattons GO

moderate
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391
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3
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wremic management 297 f
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fiow through 112 f
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2 1

acute 1,3
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Diet (cont )

1n hyperteaston 356 £ 386

for hypoproteinemia 305

Kareell 212

Kempner nce 361 ff

low protein 1n uremia 291

low sodium 386 ff
for Cushings syndrome 45
for edema of pregnancy 298
evaluation 360
foods permrtted 386 f
preparation 356 f 386 ff
salt free bread recipe 388
sample menu 386
sollsrc:s of sodium to be avoided

88

ARTERIAL

for vertigo 241
after myocardial infaretion 193
Diethylsulbestrol  1n pregnancy to

prevent toxema 310
Digitalis

for cardiac hypertrophy 145

contraindicated with anginal 171

for heare failure 196 215 ff

signs of glucoside toxiaary 217 §

withdranal 1n cardiac neurosis 138

Digitoxin  for congesuve hearr farl
ure dose 216 f
Diodrast®

for arteriography 42
renal excreuon of 280 ff
n toxemtas of pregnancy 302
Duuretics
for congestive heart falure 219 &
with myocardial infarcoon 195
toxic reactions to 221

Dyspnea
cardiac 69
oxygen therapy 222
paroxysmal 223

Cheyne Stokes breathing 208
m congesuve heart failure 208 f
continuous

at rese 208
Dizziness 242
thiocyanate for 322
E
Eclampsiz (see also Toxemuas of
pregnancy) 296 299 £

Edema
of brasn 228 238

HYPERTENSION

treatment 230

of congestive heart fallure 206
duuretrcs for 219 £
mechanism 209

faua13 xjn toxemias of pregnancy

gestatonal 208
origm of 303 ff
peripheral 210
pulmonary 209
amunophylline for 219
reunal 27 86 f
Elasuc artenes
hypertensive changes 125
senescence f
structure 123 f
Electrocardiogram 154 ff
10 hypertension
with angina pectoris 165
application 15
with coronary insuffictency 1/6
1 malignant syndrome 75
m latene coronary artery disgase
1

leads standard and precordial 155
mechanism 154 f
1 myocardal nfarcon 183 f
Embolectomy pulmonary 197
Embolism
cerebral 235
1 myocardial infarction 183 196 f
sites of 190
prevention
with anticoagulants 190
passive exercise 1n 197
pulmonary 197
1n coronary thrombosts 185
Emotion
and anginal attachs 168
mflueace on blood pressuze 20
zenmoﬁn fs)mpxom of hypertension
8

Encephalins interstiial 226
Encephalopathy
of eclamptogenic toxema 309
hypertensive 235 ff
chintcal desciption 236 f
treatment 238 f
Endocardias bzc;cnzl 10 coarctation
Envitonment  effect on blood pres
sure reading 21
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for sequelze of eclumpt ¢ convul
sion 310
for utemie convuls ons 393
reabsorption of by kadney 247
utinary measurement 367

H
Headache
causes 227
hypertensive 68 242 8
weunent, 243 §
mechanusm 247
Heart
adaptation 1o hwmzns oo 111
cardioradiography 133
tlmmcavdm;ngh) 154 o
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Heart hypercensive (cont )
reduction of n infarction 192

Heart disease hypertensive 161
Hearr faiture

left 1n acute nephnus 32

in malignane syndtome 75

mnsdxaggos:s . cardiac  neurosis

3

1
Heart failure congestive 202
1 coarctanton of aorta
evidences of 207 ff
mechanism 203 ff
with myocardial nfarcuon 195 f
cause of death 185 186
treatment 210 £
uremia with 289
Hematria 1n hyperrension 268
Hemiplegra  effect on blood pressure
reading
Hemotrhage cerebral 227 £
1 coascragson of aorta 41
differentiated from thrombosis 235
eyeground examination i 88
1 malignant syndtome 75
retraiung afeer 231 ff
with rupeure 229
stgas conducive to 229
treatment 230 ff
surgical 231
Hepann (see also Antcoagulant ther

apy)

to preveat thromboembolism dos
age

o pr:{;n! toxemia of pregnancy
3

Heredity 1n hypertension 56 £ 67
of hypertensive personality 95
Hines s pomograph 370 f
Hippuran ¥ renal excretion of 290
Histamine
for control of dizziness dose 242
e
for diencephalic syndrome 65
1 pheochromocytoma
Hyalhinization
m“bmll“ 721729‘f
cereb al =
reunal areriolar 83 £
Hyperadrenalinemia  from pheochfo
moqtzma 4
corgicoidism
g;g::lxpzmm 1n atherosclerosts 113
f
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