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Preface

VEN A tureary suney of the extensive hiterature on angmx plcclona :m}l‘
E myocardual miarction Tenders 1t oppatent (hat many peol ‘“‘; whid
beses worhersand writers 1 this field ave still sath us Brefh and n the man
these aré_confusion ansing i the concept and use of the terms angmal pain
anema pectons and acute myocardial infarction & ith or without acute cotonars
occlusion fach of knowledge of the physiclogy of paw m general and of aagal
pawn m particutar the compatatively targe number of wnresealed or onfy par
tally explored pathways for the transmussion of angmal pamn, almost total
ygnorance of the genesss and mechanics of emotional elements which belong
with the disorders i question and aboveall fasture to appreciate that tentral
and penpher) autonommc Teactions wnderhie the cimcal fetutes assoqated
with angma pectons and acute myocardial nfarction and with many acute
extracardiae conditions which fimulate these disorders

The original volume which appeared 1n 1939 and it rewssue with an appendic
three years later dealt with all these problems but pawd special attention to two
objectnes (1) a comprehensn e and accurare dehneation of the cardiac innena
nions (2) the concept that the autonomc ner ous sy stem functions by a unitary
or mass action to produce wide and vamed climical mandestanons It was
further stresced that these mamfestations as well as the mechanism of seferred
par are common o\ erlapping features which underhe most acute exploswve
cardiac as well as noncardiac episodes

To help toward the first objectine a senes of anatomic charts of the cardsac
wnersation was carefully deseloped  The chants or drawnings were precetted
asa progressive eries from the implest to the more complicated each n tuzn
adding 2 portion of the carduse nerve supplies Each drawing was designed to
ATy @ concept of anatomic ttructure absent n the unmeduately preceding
deaning and all were to be studied w the order of thewr serangentent Schematic
presentation was employed to heep the three-dimensianal visuatizations luaid
and simpie and wherever posuible the exact anatomie relationships were pre
served Practically all the dlustranions were draswn 10 relation to bodily con
tours thys pecttting €25y ecommition of every portion of the cardiac nenve
:‘:‘%p‘zsn: Tespect hlo the adjacent structures and to the body 25 a whole
o \hcnen::on thus avouding e wasound practice of preventing fragments

ystery withaut due regard for impartant topographic landmarks

Technical delmeations necessutated tahing mtd Fhertres w1th dimensions and

perspective but not st was hoped at the e
xpense of aceur;
deseloping this semes of anatomc e ey ab o

charts nas facilitated by
L Vosburgh Lyons Attending e of Do

eurologist at the \eurological Institute
wn
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i ANGINA PECTORIS AND MYOCARDIAL INFARCTION

Columbia University, and by the great shill and unfuling patience of Mrs
Selma T Johnson, who put the drawings mto final form

The present volume, rewntten in major part, still retamns the purpose of
bringing to the uninitiated as well as to the informed student a graphic visual
1zation of the cardine mnervations, and of relating the chinical events of angma
pectons, myocardial infarction and allied conditions to the activities of central
and penpheral representations of the autonomic nervous system The occasion
of 2 new editton, however, provided a welcome opportunity to furnish a more
complete account of these autonomic activities s they bear upon the body
general and on the arculation i particular Accordingly, a chapter on the
general functions of the autonomic nervous system and another on the auto-
nomic regulation of the circulation were meorporated These chapters, together
with a shorter one on the anatomy of peripheral pathways were shghtly
modified and reprinted from the author’s “Central Autonomic Regulations in
Health and Disease,” by the kind permussion of the publishers, Grune wnd
Stratton

It 1s hoped that these changes and 1dditions will supplement 2 primary am
of the entire text, namely, to point up the important role of the autonomic
nervous system n regard to chnical mamfestations differentinl diagnosis,
functional pathogenesis, and the medical, surgical and psy chologic management
of cardic states

The past decade has sharpened the focus with which not only angina pectons
but acute myocardial infarction and alhed or ssmulating extracardiac condittons
are now regarded Ilhe present volume has therefore been expanded to cover
not only angina pectons but fuller details of the phystologic and structural
events of 1cute myocardial infarction This explans the 1ddition m the wording
of the title of the book A chapter hmited to relevant electrocardiographic
sllustrations containing also a drscussion of electrocardiographic evidence as
related to certan aspects of autonomuc activity was added

Tinally although there 1s perhaps an element of warming n the facetious
observation that psychosomatic medicine 1s the common ground where the
psychitnst practices poor medicine and the intermst poor psychiatry an
attempt has nevertheless been made to put together a brief exposition of the
psychologic aspects in angtn1 pectoris and acute myocardial infarctron par
ticularly from the standpont of the cardiologist who encounters psychogeme
or psychosomatic disturbances of the cardiac apprrite, No discussion of the
heart maladies 1s entirely 2dequate without taking into account the emotionil

factors involved
HEYMEN R Miuizr M D

New York City
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STCTION ONE

General Chimeal Aspects

CHAPTER I

General Considerations of Angina
Pectons And Acute Myocardhal
Infarction”

GexEraL DEFINTIONS OF TERMS

SIE TERM angina pectonis sas ongmally emploved to denote transient and
T(ec\ment attacks of precordial pam but more recenthy the term has been
resened for acute msufficency of the coronary erculation Although m many
\nstances this isuf creney leads to myocardial damage st seemns justshed atleast
for the present to look upon acute coronary wsufficiency as a separate entity “
and to distinguish acute myocardial nfarction associated n ith 2cute coronary
msufficiency and free of acute coronary occlusion from acute rsocardial
infazction accompansed by acute cotonary occlusion This divixion into three
conditions has validity but 1t must not be carried too far Chrucal « rag and
electrocardiographic cnteria usually help Leep these conditions apart but

averlapping  of manuestations 18 not rare The electrocatdiographic picture
of acute voronary wsufficiency far example may be observed n both tvpes
of heart musle ifarction and the chmeal features of acute coronary msuffi
ciency may assume the character and magmtude of acute myocardal infarction
with or without acute coronary occluston  Mamfestatwn of (a) a generifized
autonomie mass reaction and (b) the feature of anginal pain and sts tada
tion are common to afl these conditions

The cardinal features of shoch precordial pam sith radiation and mental
anguish are deadedly more apt to occur sth acute damage of the cardiovasen
lar apparatus as opposed 1o acute cotonary meufficiency But abrupt death
may come n any of the three conditions The nature of the preapitating cause
of the acute attach the predisposing factars 1 the vicum and the sequelie

which follow from somatic damage of the heart musele or coronary vessels ot
0 other organs varv 1 each mdinidual case

The remarks wn thy chapter are wnten bed Lo he imtroducto
an} 1
account appears in the chapters wh ch fatlow % 203 gencrsl a more detarted

1



2 ANGINA PECTORIS AND MYOCARDIAL INFARCTION

(a) The tulonomic Mass Action

A sudden upheaval, 1¢, mass action, of the autonomic neryous apparatus
as a whole may be severe, mntense and wide flung, or mild and subchnical
practically absent The responses may be grouped as central and peripheral
and consist of sympathetic (adrenergic) and parasympathetic {cholmergic)
activities Disturbances 1n temperature regulations (fever), water bafance
(duresis), sleep-waking rhythm sweating, are under central control Many
cardiovascular, respiratory and gastro ntestinal rections are miated by
penipheral as well as central mechanisms (Chapter IV)

(b) Auginal Pain and s Reference

Anginal pain with 1ts trinsmusston 1nto the usual dermatomes 1, as 1 general
rule a rehable gwide in diagnosis But the pun may be aty pical or it may arse
mn an extricarciac focus and simulate anginal pun by its overflow® * (Chap
ters IIT \I)

Ortivar Perrorariner oF HEART awD CoronaRy CIRCULATION PmSIOLOGIC
T'scrors

Ihe optimal performance of the heart depends mamly upon the normal state
of the my oc1rdium and an adequate supply of oxygen 1n the blood transported
by the coronary arculation Acute coronary msufficiency 1s essentially the
result of 1 discrepancy between the requirements of the heart for blood tnd the
ability of the coronary system to deliser the blood The functional equiibrium
of the heart and coronary ctrculation becomes disturbed when the cardiac
load 1s beyvond the capacity of the coronary system to make good or when the
blood which reiches the heart 1s impoverished

The coronary airculation 1s governed chiefly by aortic pressure and the pent
phera! resistance of the coronary bed This peripheral resistance 1s wfluenced
by (a) nervous regulition (b} the metabolism of the myocardtum and (c) by
mechanisms such as the strength of the cardiac contriction and vartions in
lymph and arteriovenous flow 1n the loose tissues which surround the major
trunks of the coronary system (EHirsch®) Ihere are 4lso intracardiac factors
contributing, to the regulation of coronary flow but these are of comparatively
munor significance All the factors combined achieve 4 flevible dynamic regula
tion of the coronary circutt adjusted primarly to the metabolic needs of the
heart muscle The metabolic activity of the myocardium 1s however, the chief
determinant of the amount of fully oxygenated blood required by the heart
muscle and brought to 1t

To combat strain upon the heart, or, better, to overcome the mfluence of
acute coronary msufficiency as it affects the heart, an efficient coronary aircula
a2 ase ennnly of normal corenary blood are primary requisites



GENERAL CONSIDERATIONS 3

) enchebach® belies ed that the coronary flow 15 actually ncreased n coronary
acduston, but this has no solid proof

Angina Pectons ar Acute Insuficiency of the Coronary
Cieculation (Acute Coronary Insuficiency)

The term angina pectons 153 ™many tespects ynfortunate It means strangu
tation of the chest bt this describes only patt of the picture and there nre‘
other abyections For ecample the sensation of <trangling may be absent and
(he distresced area may be distant and disconnected from the chest It would
howeser be captious at ths late date to cavilat the use of the term 1t has come
tostay \While honotng it asa 1abel of ancient usage 1t has been necessany to
giveta new and clearer meamng because decades of uncntical nritmgs have
piled up ambiguity and confusion 1ot enly n the employment of the term
angina pectorss but also i I assorted related desynations of dubious value
false  pseudo  mock angna
There are no false diseases there are only fabse diagnoses - and thus apho-
rivm seetns especally appropmate inthe study of angina pectoris. A large number
of conditions 1t 1 true simulate angma pectons but these simulations al
though difficult and almost impossible to distingwish at tmes from angina
pectons are specific conditions and not just shadow or fantom forms of angina
pectorss Until comparatn ely recently a wide range of ciimeal conditions was
grouped under angma pectons at one pole the catastrophic explosion of acute
coronary orclusion ot sadden vagal cardwac mintion tausing swift death 2t
the ather pole vapious eprsodes of heart pam
Angma pectors 1s now considered the equivalent of acute cotanary tnsufh
cency Acute coronary msufficiency as an entity separate and apart frotm acute
corgnary occluston was recognized by many wotkers Danelopolul! stated that
angnal pain 15 an expression of myocardual impasrment that follaws from 1n
adequacy of coranary circul i the face of untol { phystcal strain *
and that angna pectonis 15 due to a dispanty betw een burdens throan upon
the heast and the falure of the coronary circulation 10 withstand them  The
same point of view was set forth by Keefer and Resnk  Hallermann ™ e

tuch' Dietnich and Schwiegh # ¥ Buchner Weber and Haager ? Buchner?
Master and his co-workers% 10 this count,

3 have emphasized the recognst:
and significance of the condition Foston

Cancepr 0F ACUTE CoronaRy TNSUFFICIENCY



4 ANGINA PLCTORIS AND MYOCARDIAL INFARCTIOV

flow caused by fill n nortic pressure (or by anatomic constriction of the
coronry ostia) (Buchner?), (c) reduction of coronary blood flow as a result
of nervous constriction of coronary vessels (Gilbert et al 18 ), (d) impoverish
ment of the blood n the coronary circulation as a consequence, for example,
of systemic loss of blood as n acute anemia (Ellott,® Scherf, 57 Master
et al =%} or of poisoning of the blood from carbon monovide (Christ,'®
Kroetz¥), and other poisons (Wy burn Mason®)

These conditions, howeser, may ewst for a varable time, minutes or yeats,
without acute msufficiency of the coronary arculation What sets 1t off?
To understand the question, let alone answer 1t, 1t 15 essential to bear 1 mind
that the cardwovascular apparatus, 1s 15 the case with other systems of the
body, strives and nearly always contrnes to mamtain an effective functional
equilibrium  The 2daptation betw een the myocardium and the coronary circula
tion 1s fundamentally an expression of what the myocardium needs and r¢
cencs

Overloading the balance at either end, as from sudden or severc physicat
or emotional stramn touches off an acute coronary msufficiency The equilibrm
1s thrown out of Lilter and the coronary airculation already operating under
difficulties, that 1s to say, with reduced reserve, now breahs down Acute coro
nary msufficiency develops and in turn may produce damage to the my ocardmum
(Buchner ¥ Neuburger 7 Opit¥) Agam, 1n abrupt or major disturbance of the
coronary nervations by vagal constriction following an acute loss of blood
or an occlusion of a minor coronary vessel for instance, will tip the precartous
balance between coronary circulation and the myocardium acute coronary
msufficiency will develop 1nd focal necroses are apt to appear in the heart
wall, especrally in the left ventricle (Buchner?)

Thus far we have spoken of the trun of events 1s 1t unfolds when the hert
or coronary system or the blood itself undergoes a change But let us suppose
as m the case of healthy young individuals, that the cardiovasculir apparatus
and blood are normal Can acute coronary insuffictency occur? It 1s difficult to
answer the question categorically because 1t 15 not easy to procure correlated
chnteal and pathologic material with which to prove the pomnt \cute coro
nary insufficiency 1s encountered mn subjects who are ostensibly sound and
normal but 1n them the suspicion will not down that the heart or coronary
system may have been damiged m some undetectable manner after all The
case cited below mndicites however that acute coronary insuffictency may
occur without discernible heart muscle damage and 1n 1 healthy comparatively
young subject

T P a 43 year old woman with es ential hypertension was operated on for detachment
of the left retina and became enstically 11l with manifestations of acute pulmonary emholiza
twon four days later The electrocardiogram rev cealed signs characteristic of ths state and acute
coronary sufficiency She died six days Jater The autapsy revealed severat pulmonary em
boli with the beart and coronary ves els normal (electrocardiogram on p 46)
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ot only 1 cardios ascular states but 1 those which involve other oxim:
and systems distuthances 1 regulation may lead 4o severe svmptoms wiid :
are however usually reversibleand unaccompanted by somatic, 1e structurd
damage But, of prolonged or ntense enough the disturbance may become
wrever ble and thus constitute a serous threat to fe or actually produce
death <ometimes 1 short order asby vagal mhition of the frog s heart when
the epigastnum 1 forobly tapped Qn the other hand the dyvsregulation may
o on to produce somatic damage and this esentually causes its own sequence
of events reversible or not as the case may be The dnading line or z0ne
between dysregulation of function and anatorme change 18 not alsavs dear,
Tet alone dwscernible This principle undecltes the outcome of many disorders
of the human system and the problem of acute coronary msufficiency and
myocardial damage 1s no exception

Precipitating Agenls and Faclors

The most frequent precipitating agents ot factors are o1 erexertion intense
emotion severe fatigue heavy or indiscreet eating and adverse meteorolo,ic
conditions  Straming at stool sexual mtercourse ufting excessine weights
walkng stawes rapid walhing of running upon level ground bring on an attack
also deep fatigue particulatly if accompanted by hypotension Severe cold
valkng aganst a sharp wind the ingestion of heavs or large meals or excessine
amounts of flmd produce attacks  Attacks also come with acute Joss of blood
dehydravon trauma to the chest or reflexh from trauma 1o other pacts of the
body Tobacco 15 probably ap offender more so 1 a predisposurg was (See
Boyleetal® for effect of nicotine i mducing coronars msufficiencs ) Hs pogly
cemia the mjectionof pitustnn adrenalmor other sympathomimetic substances
the mhalation of carbon monowide evposure to trechlorethylene of other
powsans postoperatine shock the effect of anesthesiz a sudden change
ardiac thythm {parovysmal tachycardia) heart fadure and penpheral col
lapse are all capable of precipitating an attach Other instigators are general
wfections pulmonary embolization sudden distocation of theracte contents
2s m massne pulmonary collapse acute preumothorat acute pencardial or
pleural effusions 4 sey ere asthmanc parovysm the cnsisof acute thyTotovicosss
states of hypertension gout and other metabolic as welf as allergic and tov
conditions  All these factors fall mto three groups ¥ (1) sudden mcrm.sz
:‘Z:SS;:Z?\ y.iz'zhqullon m coronany blood flow  (3) iterference with

Unless evidence to the contrary eusts 1t may be taken for granted that g
Joung subject possesses 4 sound cardworascular system Vet acute
msufficiency 1n such a person may be brought on as al N
sudden or severe loss of blood or b shuti as n ;;:—? dc)mi\‘lggtstcd e
Whether physical exertion can act 1n 2 smilar way 1o \hespc md\‘\enlzl::l::sw::z
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flow ciused by fll m aortic pressure (or by anatomic constriction of the
coromary ostia) (Buchner”), (c) reduction of coronary blood flow as a result
of nervous constriction of coronary vessels (Gilbert et al 38 19), (d) impoverish
ment of the blood m the coronary crrculation as 1 consequence, for example,
of systemic Joss of blood 1s mn acute anemin (Clhott,) Scherf,® & Master
et 2l,%) or of potsoning of the blood from carbon monoude (Christ,”
Kroetz¥), and other powsons (W3 burn Mason®)

These conditions, however, may exst for a variable time munutes or years,
without acute msufficiency of the coronary crculation What sets 1t off?
To understand the question let alone answer it, 1t 1s essentwl to bear 1n mind
that the cardiovascular apparatus as s the case with other systems of the
body, strives and nearly alwavs contrives to mamtawn an effective functional
equilibrium The adaptation betw een the myocardium and the coronary circula
tion 1s fundamentally an evpression of what the myocardum needs and re
cenves

Overloading the balance at either end, 1s from sudden or severe physical
or emotional strun touches off an acute coronary msufficiency The equilibrium
ts thrown out of hilter and the coronary circulation already operating under
difficulties, that 1« to say, with reduced reserve, now breaks down Acute coro
nary msufliciency develops and n turn may produce dimage to the ms ocardum
(Buchner,” Neuburger 77 Opitz*) Again, wn abrupt or major disturbance of the
coronary nervations by vagal constriction following an acute loss of blood
or 1n occlusion of a minor coronary vessel for instance, will tip the precarious
balince between coronary crculition and the myocardum tcute coronary
wsufficiency will develop and focal necroses are apt to appear m the heart
wall especinlly in the left ventricle (Buchner?)

Thus far we hive spoken of the trun of events 1s 1t unfolds when the heart
or coronary system or the blood 1tself undergoes a change But let us suppose
as g the case of healthy young mdniduals that the cardiovascular apparatus
and blood are normal Can acute coronary wmsufficiency occur? It 1s difficult to
answer the question categorically because 1t 1s not easy to procure correlated
clhinien] And pathologic matenal with which to prove the pomnt Acute coro
nary msufficiency 15 encountered m subjects who e ostensibly sound and
normal but 1n them the suspicion will not down that the hetrt or coronary
system may hasve been damaged i some undetectable manner after all The
case ated below indicates however that acute coronary mnsufficiency may
occur without discerntble heart muscle damage and n a healthy comparatively
young subject

I P 2 43 vear old woman with essential hypertension was eperated on for detachment
of the left retinaand became crtically 1] with manifestations of acute pulmonary eml ohza
tion four days Jater The electrocardiogram res ealed signs charactersstic of this state and acute
coronary msufficiency She cied six days Jater The qutopsy revealed severt pulmonary em
Toh with the heart and coranary vessels normal (electrocardiogram on p 46}
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metabolites) held responsible for pawn in dheletal muscles. Thisanalogy however,
together complete

mal)n‘:;t::i:t‘plice unlike sheletal muscle the my ocardm s one ::““““;:sf
brandhing System no sareclemrna sheaths each muscle fiber as s the m“‘
fhe <heletal musculature An anovic state therefore would be expected to
produce the greatest and most extensie pun aince the entite my DC!“\I‘lim
1 affected In practice however such a correlation 1y Mot the nule Secondby
the oxvgen upply o the heartas safeguarded up to a ¢ertun point Below this
pomt under the unfavorable circumstance, for example, of lowered artenal
otygen saturation the myocardm tends to be protected against the effects
of anova by uch regulaton, devices as an incresse i capillary ogygen utih
zaton nenous tegulatwn of the coronarv flow changes m cardiac rate and
10 3rtenal systerme pressure and finally by itrinmic changes 1n the metabolic
processes withm the myocardul fibers This 1s not to gansay however that
locslized ovygen deprivation of the heatt musde may ocour 1w advanced
artenoscleratic ot functional constriction (spasm) of the coronary vessels The
powmt 15 that 1w 3 locslized and even m some cases of more extensive anoremn
of the heart muscle an effectrve compensatory adaptation will tend 1o offset
the defeterious effecy of lack of otvgen Expenmental and chinieal observations
fend support to this premise

For example 1 the dog Gorham and Martin™ were able 1o demonstrate
ihat pain resulted from tndirectional traction exerted on a corrnary vessel
n one plane the calibee of the \es.el was wereased and the flow through 1t
enhanced Furthermore abrupt hgation of a coronaty vessel i the dog 15
accompanied by intense pam Within a few hours though the hgatore o5 stall
tight the pam yy dsappear although the compromsed segment of heart
muscle obviously sull remains madequately supphied with blood and oty pen

Chimcally sudden coronary thrombost, attended by almost devastating
Pain 15 2 common experience ket, after an terval of a few hours with the
thrombus undistusbed and the affected cardiac aren syl deprived of s normal
blood supply the pai w0t let up and disappear Agan a5 1n the case of mathed
anemua or advanced fuetic aornitis wath almost complete closure of the coronars
ot and presempine reduction of the blood supply o the heart carduac
;‘\::r;\(l; :DI b; a colnstar(;t featute A supplementary Blood supply through
would expect W 1o be ng \hf uimosy e dhe 1o nosemia sdone ong
one st would be depen e of o Snenty swace the entire myscardum as

gen Fhe fact of the mattes 15, as suggested

1 moment ago the extent and seventy of cardiae 1nf;
¢ mfarction
paralieled by the character and seventy of oy

f pan A coranary thrombos:
small or moderately s.zed vessel nfarching a bimited pnrho?: of heart nl;;i’l:l
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altogether clear, even though 1t has been claimed that marathon runners may
collapse from an acute cardrac ddatation to which 1cute coronary insufficiency
w1s a precursor Practitioners of psychosomatic medicine accept severe emo-
tional strain as a valid preaipitating cause In middle aged and older subjects
the onset of an attack 1lmost 1lways presupposes that a cardiovascular de
rangement antedated the coronary mnsufficiency and contributed to st Often
however, the functional derangement or the anatormc damage previously
sustuned may be so mimimal as to deprive the heart and the coronary arcula
tion of Iittle if any functional capacity to meet threatening emergencies

Symploms and Signs

Acute coronary insufficiency (angina pectons) 1s generally characterized by
mild episodes of evanescent chest pun  cardiovascular and general systemc
reactions remammng shight or mmmmal A disturbance m the regulation of the
coronary circulation s at fault but the heart and its actionmay be quite good
the dynamics of the airculation httle deranged and the general autonomic
effects mimimal Fever, leukocy tosts, rapid sedimentation rate and gastro mtes
tinal symptoms are absent or 1nconspicuous Pam 15 vanable, usually not n
tense, fatigue and some degree of prostration may set in However acute
coronary msufficiency (angna pectoris) 1s not always so gentle a phenomenon
Cardiac as well as sy stemic disturbances can be severe Sudden death has been
Lnown to occur even though the heart and coronary system have suffered
no structural impairment The insufficiency of the coronary system 1s as 2 rule
reversible, the paroxysm of the attack subsiding quickly or yrelding to mtro
glycenne rest and the removal of the offending or precipitating agent

Angnal pain 1s the most constant and perhaps most sigmficant sy mptom
The cause 1s still not fully understood Those of 1 2rchaeologic turn of mmd
can unearth scores of theories (Huchard®), but these we have deliberately
avoided The present explanation of anginal pam revolves chiefly about an
mability of the coronary circulation to provide an adequate amount of oxygen
to the heart muscle and the hypothesis that anoxemt with resulting 1schemia
1s the cause of angnal pamn 1s strongly upheld by many cardiologists The
theory however, 1s not entirely free from criticism

Angmal Pae and Vyocardial {norema®

The theory that anovemia of the heart muscle causes cardine pun 1 based
on an analogy of the local conditions (oxygen lack, fatigue accumulation of
* The<e remarhs arc not mtended ta be a complete refutation of the concept of anoremia

of the myocardium as the cause of cardirc pamn but are offered merely 1s 1 critique and to
point up the possibility that features other than the lack of oxygen may be sigmficant
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Acute Myocardusl Infarcuon
Acute Myocarpnt Ixearcrion Wrmort Coronars QECLTsion

Acute damage of heart muscle without the wiers ention of acute corenary
ocdlusion hus bten o puzzhing autopsy finding for many decades and the
speniic clinical delineattons of the condision were one too well defined Gradue
ally however 1t became apparent that the heart could undergo damage m
relation to the coronarv arculation shen the lattes became wnpawed {p 4)
Then the heart 1tself 1s inpaired by noncoronary causes cuchas carbon monox
e powsoning or a marked loss of systeme Blood or by discase the cotonaty
arculation 15 gnen a tash to which it may prove unequal and 1t becomes
neufcient But whether rendered msuficsent pnmany or secondarily, the
parment of the corenary arestaton i prolonged and severe il cause tutial
Injury or ncreased damage to the myocardium This damage 15 discemunated
in character and consists of multiple foes which go on to necrosis and then in
many cases to healing

An scute lowenng of the svstemic blood pressure in the dog produces after
a shie myocsrdial damage This effect of lowered aortic pressure obviously
s sigmficant i connection with acute coronary msufficency wnrtuated by shock,
hemorthage etc (Wegna et al®) On the other hand with the aortic pressure
unchanged and curdiae cutput hept presumably unaltered clampung a major
coronaty ves el 1 the dog for ten to fifteen seconds will pravoke according
to Green and Wegria ® 1 prompt and augmented coronary flow This reactsve
hyperemia 1s induced by the local metabolic change i the heart muscle

The cluef determmant w acute myocardal wfarction free of acute coronany

occlusion may therefore be descnbed as physwlogie 1 nature and related
mamh to the hp and depend

urculation and the myocard The myocard:

e between the cotonary
3 ank: is the

evidence of acute coronary msufficrency Many 1y estigatars from the labora
tory and chruc contributed ta thus understanding To mention a few Antep
Zl al ' * Ren ® Rroetz® Scherf® ¥ Buchner and Lucadou ¥ Buchner7 \eu
urger 7 Opuz © Friedberg and v

borger “;::sm e g and Mo ¥ Gross and Stemberg -+ Blumgart

Pre existing end Precipulating Factors

These are 1w general practically sdentical with those deserstied 1n acute coro-
nary insufficiency  Acute heart wnfarction however mare frequently striles
older smdrsidual and 1n them coronary srlerosr, with or without hypertens,
of aottic diegse are frequently pre eusting factors The sequence of ot
x: n;:)mbab‘g as fullu\\‘s saute coronary wsuffictency 5 Precipitated bymsf:‘r‘nti

 provacation abetted as it were by an undesh
ope YINE anatarice alteration
mhm:‘y‘dm\zscuhr apparatus and the acyte msufficiency leads 10 myocardial
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may precipitate the most overw helming hind of cardiac pun and general r
action

The production of pam when 1 lluman being 1s exposed to breathing low ow
gen mntures, 15 described by Rothschtld 1nd Kissm® and later more exten
sively elaborated by Levy and lus associates,” 1s undoubtedls associated wit
an anouic state in the myocardium However, it 1s not established whether a
anoic state of the cerebral centers, under such crcumstances, exerts a
mfluence on the coronary circulation In man by nerve or other pathway
outside the blood stream

Although anoxemia 1s a factor in the genesis of heart pain can not and shoul
not be excluded, 1t should be realized that certam tvpes of intense precordi
pan associated with charactenstic rdiitions which simulate angma pectors
may be set off by evcessive stimuh engendered outside the curdiac tpparate
(p 221) Esophageal herniation and the severe brachial neuritis described by
some I rench observers (Lian®) are cases in pomt

An example of anginal pain assoated wath e<ophageal herma s that of G L a 48 vear ol
female who was admtted several times to \ontefiore Ho pitat She was hnown to have
Lleeding gastne ulcer and a congenital diaphragmatic hernin and she suffered a number o
episodes charactenzed by severe anginal punan the lower sternal reston radiating to the back
and on octaswons to the left shoulder In one typcal attack her blood pressure ros
from 168/120 to 250/138 and she devcloped leuhocy tosts The electrocardiographic tracing
were always negatine for signs of myocarchal alteration Over 1 subsequent period of thre
years observation she shoned no features of coronany occlusion or attendant heart muscl
damnge

In this type of case, we are most probably deiling not with 1 state of 1norx
but with 2 mechanism whereby afferent stimuli from a noncardiac viscus of
structure enter the neurtus at levels hinhed by afferent neurons to the extry
cardiac organ or structure in question pam s registere i m the heart and re.
lated dermatomes (p 183)

Relevant too, are the observations on the precimtation of cardinc pan
by stimulating a peripheral part of the Autonomic nervous system Leriche”
brought on mtense cardirc pam in human bengs by stimulating the left stellate
ganglion, and Spiegel and [Hashimoto® obtuned the sime result in dogs That
the coronary bed in min may suffer a reduction in bload flow 4s 1 consequence
of functional neurogenic factors 1s stronghy 1mplied by the fundimental v esty
gations on antmals by Anrep and Segall® and by the corroboratne studies of
Rem® and Gollwitzer Meier and Rrueger ° Cibert and his associates' ¥
observed a reduction m the coronary blood flow i dogs after experimentally
induced abdominal distention and they reported the onset of pun i human
bemnys from similar causes

Electrocardiographic findings during an attack consist of depression (sagging)
of the R ST segment in one or more leads and often T imverswons {(p 42) The
findings m1y disappear 1s abruptly 1s they eme (Chapter II1)
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Acute Myocardnl Infascuon
$coTE MyoCARDIAL INFIRCTION WsTHOUT Coronary Occrision

Acute damage of heart muscle without the wtenention of acute coronary
occlision bas been @ puzzling autopsy finding for many decades and the
peanc dinical delneations of the condition were none toa well defined Gradu
ally however 1t became apparent that the beart could undergo damage n
relation 1o the coronary trculation when the latter became wpced (p 4)
When the heart wself 1> tmpatred by noncoronan causes suchas carbon monot
wde pov.oning of a marhed loss of systemie blood or th discase the coronary
arcutabion s gnen a task to which 1t may prove unequal and 3t becomes
msuficent But whether rendered msuficient primanly or secondanly the
impawrment of the coronary arculation if prolonged and evere will cause mtial
.nury or mcreased damage to the myocardum This damage 1s disseminated
1n character and consists of multiple focr which go on to necrosis and then,
many € e to healing

An acute lowermng of the systemic blood pressure in the dog produces after
a nhile myocardial damage This effect of lowered acrtie pressure obriously
s signdficant i connection with acute coronary mnsufficency imtated by shock
bemarthage ete (Wegna et al®) On the other hand with the aortic pressure
unthanged and cardiac output hept presumably unaltered damping 3 major
coronary vessel u the dog for ten to {teen seconds will provole according
10 Green and Weg12 ® 2 prompt and augmented cotonaty flow ‘This reactive
hvperemia 15 induced by the local metabolic change n the heart muscle

The chief determinant n acute mocardial infarction free of acute coronary
;‘:1“'5:01: H;‘) l}!erefa’rc Le described as Jph\'slcjloglc m natyre and related
mcuhuo(; aned the m)ocardm‘m “‘;“:‘ d, 1} petneen the coronaty
evidencs of seute coronan; msumm: m)‘ tIx:u 1al infarction 15 the anatomuc
iony and diime contributed to this rcx:ic t;n)l m\t‘;flgﬂlars trom the tabora
€03 3 Rei ™ hroetz ® Scherf ,l: rstanding To mention a few  Anrep

cher! Ruchoer and Lucadow ® Bochner \eu

burger ¥ Opitz % Triedber,
an! Hom ¥
etad ¢ 5 Vagter et g} -0 4 orn ¥ Gross and Sternberg 4 Hlumgart.

Pre exes ing and Preaiprlating Factors

na?l:: igg:“gtner;l practrcally wentical with tho ¢ described 1n acute coro
- mdmdu.ﬂga“qml; heart infarction however more frequently strihes
ot s arcx;n em ;oxanxr) sclerosss with or withoyt hypertenswon
oy o e Srequcm " pre ensting factors The sequence of events
sone pran 1 a'bﬂ;m;u: coronary msufficiency 15 precymtated by some
ol the o ted as 1t were by an underlying anatomic alteration
— praratus and the acute wsufficiency leads to myocardia)
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Signs and Symploms

The clintcal mamifestations range from mild to severe Since the general
1utonomic upheavilis as a rule, more pronounced than i acute coronary m
sufficiency, centrally smibated effects are apt to be marked Shoch fever, dis
turbance 1n water bilance accompanied by marked sweating difficulties m
sleep, respiratory and cardiovascular or even gastro mtestinal symptoms may
dommate the picture, the sedimentation rate and the leukocyte count ate
mncreased The cardiovascular features are obviously of foremost significance
and may be varied 1nd mild or severe

That the chnician should long have fatled to distingwish acute myocardul
nfarction unaccompanted by acute coroniry occlusion from acute myocardial
infarction 1ssociated with acute coronary occlusion 15 not altogether surprising
since the symptoms and signs are frequently rdentical With a more critical
approach, 1t became possible to distinguish these two ty pes of infarction on the
basis of the character of the pathologic lesion and the climcal and electrocardio
Lraphic features

Two points deserve spectal mention Trauma 1s held to be no factor as a
precipitating cause n acute coronary occlusion, at Jeast 1t 1s less ikely and
Acute pericarditis and intracardiac thrombt are less frequent complications in
infarction unassoctated with acute coronary occluston, because the myocardial
lesion does not encroach on the inner and outer linings of the heart The last
15 not an absolute rule Heart failure may be 1n early complicatton or appear
some tune after the rcute attack 1s over The prognosis of acute myocrdial
infarction uncomplicated by acute coronary occluston 1s probably better than
1n acute heart dimage rccompanied by acute coronary occlusion but 1t would
be hazardeus to count too hreavily on this

I lectrocardrograpluc 1 indings

Ihe electrocardiogram discloses carly R ST depression which gradually
returns to the 1soelectric line T inverstons m one or more leads and a con
spicuous absence of Q waves (p 2) The signs are practically identical with
those noted 1 acute coronary msufficiency

Acu1rt MyocarpiaL INFARCTION wITIT AcUTE COoroN ARy Occrusion

Acute coronary occlusion as 1 chinical entity was recognized many vears
1,0 Hammer 1 1878 dhagnosed 1 case before death complete herrt block
was a promment feature Dock! diagnosed a case before death Kene Manet®
in 1896 and M Sternberg® in 1914 published accounts of 1cute coronary occlu
sion The Russians Obrastzow and Straschesho'’ in 1920 gave a careful descrip-
tion of the clinical and pathologic features of the condition as well 1s of 1n
farction and softening of the affected heart muscle In 1911 Hochhaus*

described 4 cases stressmg, the signtficance and course of events mn acute
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coronary occlusion The foremost chinical proponent of acute coronary occlusion
was Hernck™# hus repost roused the medical profession to the amportance
of the entire problem An extensie hterature developed with many compre
Tepsn e monographs {Hochrew © = Buchaer) .

Tmpattant laboratory enteria came from Tred Smith*® 1n 1918 and T ardee®
17 1920 nho descrihed electrotardiographic signs 1 the onset and course of
acute coronary occlusion and Blumgart and his co-w orhers,! * emploving
<pecially devised injection techme carned ont on antopsied hearts demon
strated the signifh function pert 1 as acces-
sory or collateral channels when the coronary system or heart musdle was
damaged Arterion enous anastomoses m (he coronaty system proved ta have
a similar function (Prmzmetal et 3l ¥) Climeal and duagnostic enterta of myo-
cardial infarction assoctated with coronary occlusion continue 1o Tecene much
attention

Three mawm features charactenze acute coronary occlusion a mechamenl
block m the coronaty tircuit an acute coronary msuffitteney and an acute
myocardial njury  The mechancal block cannot be distodged but accesson
collateral coronary channels and newly opened arteriovenous anastomoses
autempt to shott crowt 1t the supplementation of the coronary Liood sapph
improves the competence of the coronary crculation and promotes healing
of the mjured heart muscle The ability of the coronary circulation to perform
at a level not befow that essential for repamng the acutely damaged area

of heart mustle and the state of the rest of the heart determne the fate of the
“ictun of acute coronary occlusian

Predisposing and Precipriatung Faclors

Pre existing or predisposing factors consist principally of coronary sclerosts
associated ith or wathout hypestension aotutss and Polyevtheria ® Pre
upitating factors are clauned by some to he practically nonexistent 4 Oyhers
Ithe Boas ¢ beliey e that trauma or severe phy sical exertion have an influence on
the production of coronary occlusion Intense emational strain ndiscretion
m eatng and other elements are stil contron erstal etiologic factors
Climical Features

The acute episode and mmediate sub equent course are sometimes sur

prismgly mild and bref More frequenthy the chrucal
grave death takng place at ome or soon n ek o remel

of sudden death may hover over 1 sgy ere
festations are quite marked as a rule and atest the sevenity and extent of the

generat autonomic reaction The genprat com
cemural effects ofy
acate <ardhar mfarction are precent here senved in nonoeclusive

00 Cardiovascular features 5]
ally angimal pain may dommate the o teatures espeny
picture especially 1n the by
eginning: Se;
-t "-gct ~erious

after the attack o the menace
and lingeung yiiness Systemic mam
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Signs and Symploms

The clintcal manifestations ringe from muld to severe Since the general
autonomic upheayal 1s, as a rule, more pronounced than 1 1cute coronary 1n
sufficiency centrally mitited effects are 1pt to be marhed Shock fever dis
turbance m water balance accompned by marhed sseating difficulties n
sleep, respiratory and cardiovascular or even gastro mtestinal symptoms may
dominate the picture, the sedimentation rate and the leuhocy te count are
tncreased The cardiovascular features are obviously of foremost significance
and may be varied and mild or severe

That the clinician should long have failed to distinguish acute myocardial
infarction unaccompanied by acute coronary occlusion from acute my ocardral
infarction associated with Acute coronary occlusion 1s not altogether surprising
since the symptoms and signs are frequently identical With 2 more critical
approach, 1t became possible to distingwish these two ty pes of infarction on the
basts of the character of the pathologic leston and the climical and electrocardio
graphic features

Two pomnts deserve special mention Trauma 1s held to be no factor 1s a
preapitating cause m acute coronary occlusion, at least 1t 1s fess Iihely and
acute pericarditis and intracardiac thrombi are less frequent complications n
mfarction unassoclated with acute coronary occlusion because the myocardial
lesion does not encroach on the inner and outer liings of the heart The last
18 not an 1bsolute rule Heart fallure may be an early complication or apper
some time after the acute attack 1s over The prognosts of 1cute myocardial
infarction uncomphicated by acute coronary occlusion 1s probably better than
n acute heart damage accompanied by acute coronary occlusion but 1t would
be hazardous to count too heavily on ths

Llectrocardiograplic T'ndings

Ihe electrocardiogram chscloses carly R ST depression which gradunly
returns to the 1soelectric Iine, T myersions in one or more leads and a con
spicuous absence of Q waves (p 52) The signs are practically wdentical with
those noted n acute coronary msufficiency

Acutt M3>0cakDpIAL InFARCTION witH ACUTE Coroniary OcCLUsION

Acute coronary occlusion as a chnreal eatity was recognized many yers
2o Hammer 1 1878 dingnosed 1 case before death, complete heart bloch
was a promment feature Dock® diagnosed 1 case before death Rene Marie®
1n 1896 and M Sternberg® 1n 1914 published accounts of acute coronary occlu
sion The Russians Obrastzow and Straschesho'® m 1920 g 1ve a careful deserip
tion of the climeal and pathologic features of the condition 1s well as of in
farction and softenung of the affected heart muscle In 1911 Hochhaus®
described 4 cases, stressing the significance and course of cvents n acute
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heart arrhythmias and sudden heart failure are ever present dangers, pen
carditis and intracardiac thrombn are frequent complications since the myo
cardial lesion 15 proue to mvolve the pericardil and endocardial linings
The leston 15 generally masstve, extensne and of “one piece,” more homo
geneous than m the my ocardial infarction unattended by 1cute coronary occly
sion Septal dimage 1s frequent and produces strihing disturbances 1n cardtac
rhythm and rate

An accurate diagnosis between acute myocardinl mfarction with or without
acute coronary occlusion may mean the difference between fatil outcome or
recovery Acute myocardiil damage without acute coronary occlusion, induced,
for example, by severe hemorrhage or postoperatn e shock calls for hfe saving
blood transfusion or vigorous antishoch trentment, but these mersures would
be contraindicated 1 acute cardiac damage produced by acute coronary
occlusion

The outcome in general varies betw een enrly or sudden death, chronic illness,
and good recovery An attach m1y be violent or gentle but neither aspect 1s
a harbinger or guarantee of the eventual result

Llectrocardrographic N'imdings

The clectrocardiographic findings are charactenstic and, according to some
authorities pathognomonic The R ST segment 15 elevated but gradually
drops to the 1soelectric line, T waves are mverted and cone shaped and Q
waves appear (p 59)
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CHAPTER I

Chmeal Features of Angina Pectors
(Acute Coronary Insufficiency) and
Acute Mvocardial Infarction

IxTRODLCTION

#E cLINICAL aspects of acute wsufficency of the coronary airculation as
T-m wsofated functional derangement yet associated with other cardio-
\ascular events and of acute myocardial mfarction aith or without cotanan
clision it be considered as a whale Thas plan 1s employed to pownt up the
common chnical and physiologic features of these conditions not losing sight
of their respective distinguishing details* The symptoms and physical signs
as far as possible will be discussed from the pownt of view of therr autonomic
sigmficance

The fust part of the dscussion following this introduction

deals with the
centeal

7 1 regul of tem
perature water slieep-wahng thythm sweating etc and with common or
overlappiag pictures of these reactions as obsered 1 acute explosne cardiac

or noncarduac states The second part 1s devoted to an account of the dnisional
autcnom ¢ reactions h b

p aud p ponsible for the
stgns and symptoms assoctated with acute msufficiency of the coronary ar

culation (acute coronary msuffictency) and with acute myocardial mfarction

General considerations The parevysmal nature and unpredictababity of 1n
attach of angma pectons {acute coronary msufficiency ) are general hnowled, e
The episade may last seconds and consist of fleeting muld precordual distress
or paw o the reaction mav be almost entirely emotional re, a feeling of

ppret or dung danger or
first and only evidence On

pected and swift death may be the
the other hand attacks of angina pectons can recur
over decades Severe tmyocardial mfarction mote epeenlly assocted with
act ¢ coronary occlusion 15 a frequent cause of sudden death Myoacardial
farc 1on with or waithout acute coronary occlusian can recur or come as an
mitial terminal exent

Msld atu ks These ate usvally due to matd episodes of acute coronary in

sufficiency The condstion 15 charactenzed by mild evanescent paw with or
without reference into the left arm and oft

en little else
disturbance and poor sleep vcept for emotional

See chaptecs T Ty
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butamong; them the outstanding and by far most d“‘m““clls ‘h‘f typical ‘5;:;{!
parpysmal Lfe PP for all time gr3f desend I;”)
Jicberden® as angma pectons but now secognuzed as acute coronary insull
aency comphicated by my ocardual mfarction with at without acute roronary
occlusion

In the wpicah seere attach pam 15 o ardmary depression or discomfort
wsted a tremendous clutching and crushing sensation holdng the heart vise
bhe m an inexorable clasp In some cases the patient describes an ron claw
grasping and tearing the heart others will bis e through 3 sensation as i a heavy
bar were crughing the chest transversely at the e ¢l of the <econd or third
intercostal spaces This torturng angwsh  as of hife were being <queezed out
1 trly paralyzimg 50 that 1818 not surpnsing that a patient so rached remanms
motionless 1n s attempt to appease his suffermg The pamn may stop as
suddenly as 1t began

Tamn 1n the heart or i the vegion of the heart frequenthy <preads 1n a fairhy
typrod manner At s central pomt the devastating pain seems to be beneath
the sternum or 1t may be located 1n any part of the breast bone The reason
for this stemal focahzation 15 no dearts to the chimcizns of our day than ¢t
was ta Heberden ™ who confessed ta bewnderment an this powmt Uror the
sternum or left pectoral region pun ordinaniy  preads upward curving to the
left shoulder down the left arm into the elbow wrist and fifth finger thus
assumuog an wlnar nene dstnbation At tmes the distebution 15 1nto the
face and throat less often mto the n ht shoulder hovever radiation 1n any
ireenion 15 not con tant o7 1s 1t an essential part of the picture (Chapter \1)

{ sentse of fullness w the chest wnstead of pam in the heart may be the chief
complamt mn anguoa pectonis This 15 not to be confused with <o-called  heart
consciousness  or with the feelin, of poneness of which patents frequently
complam Heart conscioustiess 18 3 general desenptine term often used by
patients who are undiscnmunating in their choice of terms \evertheless
1t expresses a degree of apprehension coupled nith same hind of uneasmness
locakized i the heart or heart tegion In certan adults of muddle aged and o'der
groups this subjectnve complamt should alway < be respected even of chimeal
and graphic proof of cardiorascular disease 15 lacking This holds with even
greater force for the feebng of goneness i~ the heart region A very trouble
Some symptom to conguer 1s the fear of falling asleep erther shortly after corng
Uitough an attach or dunng a comvalescent penod This anxiety 15 real 5
fear of dying dunng sleep andis sl morentensified 1f the subject has diffic )l
I::rnlhmz nocturnal dvsphea or breathlessness at any time entad (la::,:
mnlz?r;:jg but mental anvety and conflict may act to preapitate the

Col'apse and shock are often strbang also ymmobulits /llr:b:;\'\ 4
2ppearance of a ghastly g1y color Syncope m 23 o5 Lhe body and the

o

but more often the

~ -
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Serere aftacks are mamly associated with acute myocardial nfarction and
produce vigorous 1nd wide spread reactions The reactions can be dramatie,
terronzing and unforgettable The onset 15 often abrupt, with startling pam
which comes out of a clear sky , sometimes seizing an apparently healthy person,
and the attach may appear for no known reason, as when the patient has been
resting, or even asleep Sometimes the sensation 1s one of severe discomfort and
not genuine pain Acute coronary msufliciency {angmna pectons) occisionally
produces a marhed chinical response

The wncrdence of fatality, ymmediate or carly, 1s supposedly small with a first
attack wn youny, or the older ndividuals who hrvea “sound" heart and coronary
system In such indiiduals, Blumgart and his co workers* * demonstrated
that intercoronary arterial communications, not less than 40 mscra in lumen,
are s ailable for the prompt transportation of blood to the mjured heart, thus
bridging an emergency, and very probably the arteriovenous anastomoses of
the heart, descnibed by I'rinzmetal et al , ¥ ¥ serve a sumilar purpose These
anastomoses function even In hearts that have considerable coronary sclerosis
When the sclerotic process has deprived the heart of the safeguard of throwing
coronary anastomoses into the breach, as i advanced hypertensie arterio-
sclerotic heart disease, death cin come with the imitial infarction of the heart
muscle Here, as in the advent of sudden, unexpected death which occurs by
abrupt shut down of coronary ostia previously diseased by syphilis, the coro
nary carculation has managed by virtue of accessory and collateral channels to
Leep the subject seemingly well and free of pain

Although the pen! of a paroxysm 1s unmistahable the patient succumbing
often during the attack he may not only survive but hve to endure, over
months and years, other seizures There 15, therefore much varability n the
intervals between seizures and mn the symptomatology of the attachs them
selves cven the cardmal feature of pain may be missing The predominant
feature may be a gastro intestinal disturbance or a peripheral intense neuntis,
or the entrre anginal sy ndrome may masquerade 15 a serious surgich] condihion
Whatever the form or deviations from the classic picture of the attich and how
ever long the penods of remission 1t 1s unwise to be o\ eroptimistic in progno
sis Remssions may be deceptive and recovery scldom complete Most treacher
ous of all n diagnosis 1s the disorder free from pamn  angina (pectons) sine
dolore,” 2 condition exther unrecognized or mistahen for 1 nonangnous condition

Both conditions angna pectoris and myocardial infarction considered as a
whole are characterized chiefly by precordial pain some degree of circultory
deringement associated often with collapse and shock and by mental feitures
of anviety or anguish At this juncture this triad of sy mptoms wall be deseribed
briefly , a fuller discussion covering all the chnical aspects 1s developed under
the sections which deal with central and peripheral autonomic nfluences

Pan There are many hinds of keart paw, varying in severity and duration
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Auch milder reactions accompany an episode of acute coronary m:‘uﬂ'xcc\cnr?‘
uncomplicated by acute myocardial infarcion But 1 any ase the ¢ nc‘
character and wide distribution of the muluiple mamfestations which nvohve
many s stems of the bods , attest the generalized mass or uny ersal hypercts
ity of the autonomuc nersous system

Almost 1dentical general autonome Teachions are obsenved W many acute
explosn e extracardiac conditions This aspect & M be further discussed (p 20)
The symlanties sometimes make 1t difficult or impossible for even the best
of chmaan alnays 10 istingm b acute myocardial wiaschion for wstance
fram acute gall bladder or pancreatic disease or from such dnerse conditions
as wntense brachial neuntis (Lian®®) acute esophageal hermation or acute jani
monany embehization In <uch o the physicran will come 1o rely
for a differential diagnosss ciuefly on two ards (1} the character duration and
particularly the reference or distnbution of pan into dermatomes and (2)
apprassal of the yeactions especially the penpheral manf
with respect to their sympathetsc (ad ) or parasympathetic (chol )
nature The feature of pain and it distributson we shall turn to later but at
s point we <hall discuss the general autonomic respanses

Certamn central effects such as disturbances i temperature {fever) water
batance (sweating ot polvuria) sleep-waking thythm sesponses of the blood
<an nat be it d as sy b ar parasympatt Hut centrally
induced derangements of the arculation re<piration and metabohsm are quite
reafdy grouped i accordance with thew divisional autonomic ongm The rec
oomttion of whether autonomic mamifestations are central ar penphers!
sympathetic or parasympathetsc can be of practical importance 1 or instance
tates of anviety and terror are characterized by reactions which are chuefly
i‘lr:nal S}.mpnlhc\lc shock and the state of sleep by responses wluch are pre

paras d ding these dufferences can be of con

siderable help 1 planmng therapeutic measures

Acute myocardial snfarction with or without acute coronars thrombosts 1s
usually accompanied by fever fever 15 less bikely and short lned 1n acute
catonary smeufficeney Wath the anset of heart fmiure particularly 1f the lung
bases ate imolsed or with the tntersention of penicarditss or fresh infarctian
fever a5 well as leukocyrosis and an mcreased sedumentation rate deselop
Dnsterbances m water balance are not marhed unless congestne heart fadure
ensues polyuna excessie sweating frequent bowel moyements may be evy
dence of a disturbed water regulation Gastro-mtestinal and occasionally
?ladder dhsturbances anse and troublesame msymmna, or poor sleep are rather
“r;(;\:m Transtent glycosuna is occaswonally encountered and 5 of central
gr::;:‘:: \;‘:;;:::; :} 0s:cms of the bf,dy though centrally mduced can be

¥ cereudatory vesy reflected as
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patient 1s wide awake and speechless His facies are torn by suffering, angush
and terror with the stamp of death upon them The victim, afraid to draw a
breath, remuns frozen in whatever position the attack overtahes him, helpless
and rooted to the spot He 1s likely to be drenched mn cold sweat and salivation
m1y be actine Breathing, restricted by pam, grows shallow and assumes a
panting or sighing character, seldom Biot in type, more Jikely Cheyne Stohes
Some patients become frantic with arr hunger but this 1s not the rule General
cyanosts usually Is not present, on occastons cutaneous portions of the body
well supplied by capillaries take on a Inid hue, 1€, lips, lobes of the ears, malar
portions of the face, toes and fingers, and often become clammy The pulse
grows feeble and the blood pressure sinks
Obviously, the human frame 1s not built to withstand, for longer than the
briefest time, so tremendous 1 disturbance as 1s depicted above and 1t 1s nat
surprising that a paroxy sm lasts but a very short period n actual time however
endless 1t may seem to the sufferer Generally the intensity of the attach wanes
m 2 few minutes There are cases where one such attack 1s not followed by
another for months or years agamn successive recurrences are close upon one
another and of vanous and varying degrees of severity Recovery too 1
varnble, for some prompt practically complete and lasting, for others pro
longed, precanious and partial A striking phenomenon 1s extreme exhtustion
which may persist over days and weeks after the subsidence of the mtial
storm Or, “f no accident mtervenes the disease goes on to its height the pa
tients all suddenly fall down and perish almost immediately” (Heberden")
Mental anguish or other psychic features are 1 frequent accompamment of
the acute attack The terror of impending death m1y appear before an attach
as an aura or premonition This 1ura and the paroxysmnl nature of the whole
attach have suggested to some an cpileptic character of angina pectoris {Trous
sean’®) An aura hke state of mind may accompany the paroxysm of acute
coronary nsufficiency or acute infarction This state of mind 1s hnown as
angor amm1” and represents 1 fear at other times rather an overwhelming
conviction 1lmost a certamnty, of the approach of death The Germans have
described 1t tellingly as  Todesangst” or Todesgefuhl * Often 1t 15 a true
herald and death follows mplacably When the patient escapes death he has
been so near it that the angor anmm: remams for him nonetheless a ternble
and ormnous expenience There are cases in which it s almost the sole subjectne
symptom, Allbutt! wrote, ‘it chuefly consists i ths ’

1 General Systemic Reactions Induced by Mass Action
of the Autonomic Nervous System
A galavy of widespread and vigorous central autonomic reactions 1s usually

evohed by the severe attack of acute my ocardral wnfarction which occurs with
a sudden closure of a coronary vessel or even 1thout the latter comphication
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@ Bt lower quadrant there was moderate tenderness andsome pasm of the nght rectus
:; l:. espeaally 21 e lower half The tempersture ranged between 101and 10 F TheLlood
count showed 17600 white cclls, 89 polys {4/ stab forms) The patient was Palr per
pired profuseh and looked acutely and gravely Ml Ye wasin thock and mental’y greally
agitated by fear of death A faparotomy promptly carned out diecloced 2 normal looking
appendix 1t was removed On section 1t showed only ) chronic changes The temperature
temamed at about 101 F for about six ubxequent dave then becarae normal In ths rase
the locat features posnted strongly to an acute gangrenous appen ficitis an § were accormpamed
by 2 mathed autonotmic general reaction 38t no sopatic damage was uneovered aither at
operatinordunn the subsequent and unes entful course

37 deute ek lecystinns A voung woman 27yesrsold alwavsin food healthan 1 mamed fer
txa eafs the motherofachild anevearol | became sery il mithina few hours She developed
tever 107-103 F  toms of collapse sweating and some nausea. Her at«domen w3s soft, not
spastic o distended and 1o tenderness was ehatatle She gave the imprees n of beung very
2L and had ot not been for her vouth and the excellent condition of her car hovascular s
tem 3 hagnons of acute totonan ceclumon mght hate been serously entertaned despate
(he absence of precordiat pun She was su pected of bavng 3 sudden exploave condtr nin
the atdomen and ether an acute or 5 duodenal Lap o
tre 1o towing day revealed a very farge gallbladder the mucosa of which halalra 3y b ter
e patehn necrouss The organ was distened wath clouds fiu} not yet franddy furudent
Recorers was exceiient and permanent

Averturk has reported tiwo interesung cases of acute generahized pastaperatise perston
s sumul Un,, acute coronary thrombesis

4) Cered ol ap plexy L L Sreaws ad hat been under obxervation for about 10 yeany
For ths penod she was Lnoy » 20 bave 2 systoiic and dia tohic hypertenwon of atiout 270 170
Fxeept for some difficulty 0 bet sg jon due to vascular changes she had enyorerd an actine
a0 tatbrr well zounded e She was su fdenly stricken with @ left heauplema acenmpamed
i5 the immed ate onset of marked shock feser 1307 103 F} profuse drenching sueats ant
sascmotor disturbance of the Lin The tter took the form of su iden an § 1ntence cof per
bued flu bng 1§ the face an) upper torso inctuding the upprr extremies Thes cotoration
* ul quickis chan ¢ 10 2 violaceous hue and after ten to futeen munutes return U nosmal
Simfar penpheral mamfe-tations were noted 1n other gracts of the body an 4 the wsolyement
was never patchy tut conformed fairby closely 0 scgmtental level She show e alyo a distort
ance in the leep-wakin,, Thythm and withtn a fex. weehs ghvcosuns appeared

2} deite prbm narvemb {eaty 5 V82 gears ol had en,

Bte For abrut fiteen \ears she had vancose Zm of the m”):;:in';\'\:n :r:::‘:l‘ o
@ bt 1fe Wath urany apparent oaw ¢ she suddenty developed wazures of ytense pry .
pan marked olap e a.5>aated with feeble thready puce Jow bl {res un[;;(;‘y“dm
Zoluit sneating and mental 327 b Wathin 3 penod af three months she expenenced &;

;1;:1: ar:l s:::l :mm episodes of this character In the 171en ab hetween the ma:\smb:
o ¢ o W not compleiely Thysical 1gns of pulmonars invelsement became
par o m\hx\u:‘ s of arculators faidure did not subervene { & apnocis of recurrent
Qlmonars e ‘l;vn :\x % Pulmanary mfarcuon was made and the vancme \eime th

e Qmui:; local :hanfs wn thus Jimb} were considered the ute of ory AL ) <
e ’;;n;y:: Si\:x"m q: 2ded at the femoral :mwpx%«’mﬁ,\ﬁ e
tocardiograms dischosed to htart .smffwim et n godpelln e g m’fi( /

a2 SR 2)

-~ P
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change i blood pressure, heart rate or output, resprralory reactions expressed
as alterition in rate, rhy thm or pattern of breathing, gastro intestinal symptoms
which t1ke the form of meteonsm, diarrher, abdommnal colic, genfo nriman,
manifestations announced mainly as hidnev or urcter symptoms sueating pilo
motor reactions, etc These manifestttions da not originate tm the autonomic
gmnghn and neurons outside the neuraus 1s m the case of change n heart rate
produced by stimulitng or depressing the peripheral cardiac 1nnervations

Shock, emotional fear, 1n wish and other features of acute cardiac 1s well as
extricirdiac episodes, are central nutonomic mamfestations Pain, too, 1
almost 1 constant element 1n A1l these episodes but it 1s more strictly 1 periph
eral mamfestation The registration of pam into consciousness by the
thalimus and cortex 1s 1 central process but the medintion of pam 1s nccom
phshed by peripheral pathways

CLINICAL FNAMILES

The group of cases below lustrates the variety of ways i which the auto
nomic neryous sy stem reacts en masse The chinical mamfestations may vary
pttern or 1n degree of tensity, not only i acute conditions but n subacute
or chronic statesaswell But the climeal manifestations ecluding those directly
due to somatic damage, are always expressions of an autonomuc discharge
W hen confronted by any of these clinical condttions the phy siciin will recognize
that the attendant fetures of shock lowered blood pressure, slowed heart
rate prostration, meteorism, vertigo etc are parasympathetic mn character,
and that sweating pmlomotor retctions unusual elevations m blood pressure
and tachy cardias are sympathetic All the mamfestations central and penipheral
are marshalled promptly and effectively s for an emergency

(1) Reachion to wngested sposled food  J S a business executive 58 yearsold with mild
diabetes but otherwise in rather good health complained toward the close of a work day of
some nausea and general malase he refused hus dimner Wathin an hour he was 1n severe shock
‘The shin became grey and cold to the touch the entire Lody was covered with perspuration
s blood pressure usually at 130/80 fell to 85/50 the pulse grew very weak and at timesim
perceptible The patient was prostrated and although apparently a restrained and unemotional
individual he stated that he felt Ins end was nexr Despite the absence of precordial ar referred
anginal pain he gave the appearance of having suffered an acute occlusion of 1 major coronry
yessel his condition was alarmung and s chances for survival seemed poor Within two hours
however and without the admmistration of any medication except a small dose of morphine
the blood pressure returned to normal Jevels the pulse became full and strong the skin rosv
colored and the exh ppeared An el di taken the next day was nor
ma! He resumed his work after resting another day Subsequently 1t was disclosed that the
patient and hus brother had partaken of some spoiled food  at lunch on the day of the attack
and that the brother had also developed practcally the same reaction

(2) Acute gangrenons appendicthis D C 58 years old 1n good health developed (at3am)

intense abdominal pan_especially on the nght side the pain persisted unrelieved for five hours
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snfarchion The yundice steadds deepened and 3 tender gall bladder mass became patpatle
Fever and leykocytosis persi ted the temperature ranging from 107 to 103 ¥ on the tenth lav
Surpeal opimon held that the primary condhtion was extber acute pasicreatitis ot acate chole
eystttis Lapasotorny revealed an acute ‘but resohving cholecy stitia The patient succumbed to s
fresh cardiac attach on the day aftet operation and autopsy disclosed an acute cholecystits
vaih areas of feschution 3 vecent infarction of the postenor wall and & recent thrombosis high
up n the left descendung coronary vessel

No expenienced physician has faed to encounter simnfar cases i which
the mamiestations of acute explosne states constituted a violent teaction of
the autanomc nersous system Chapter 11 on simulations furnishes many
extracardiac examples Smee acute coronary insufficiency occurning without
myocardsal infarction and acute myocardial infarction with and wathout acute
cotonary thrombons may have enough commion autonommic reactions to make
dinical differentiation very difficult 1t 1s suggested that & classification whach
considers these three cardiovascular conditions alnass separate entities 18
perhaps too ngd

I A D 1 Manuf,

The ndinvdual mamifestatians as well as the total chmical picture of acute
explosne states suth as acute coronary msufficiency or acute myocardial
wfarepian consist of tesp by each dwsion The resp may
be pred. Iy sympathetic ot parasympath since exch dnston does
1ot fecessanly react with equal magnitude or extent

During an artach of acute myocardial wiarction for wstance the parasym
pathetic division as already mentioned may depress the blood pressure and
esen tend to retard the heart slow the respiration induce meteonsm yomt ng
maused (the nausea presumably 15 a sensory vagal effect) and bring about
lacalized sagal motor phenomena such as constriction of the coronary 1 essels
the bronchial musculature or muscles of the throat or eptgastrium These
Parasymipsthetie effects however may be overshadoved or never allowed to
;i;vc'.op( when }he byperactivity of the svmpathetic dinison ged
u’:‘:& d P become ty

- piratory acceleration generalized sweating actn ity occastonlly including
;;r s::;u; rx:;::u:ns and vascular responses which may include hyperlenslm:
ety :) lth;\ ?:;llpheral\::smlar bed tachycardia ete Sw eating s

ie tons but 15 d
Tatasympathetic postganglionic neurons >

ts the upper
festod

A SYMPATHETIC MANIFESTATIONS
1 Cardinascular Leatures

Cardosascular features 1 acute

may be mild neghigible ar 2bsest {

coronary wsufficiency (angina pectons)
an oyt tanding feature but the heart

ain and reference inta dermatomes can be
t sounds hardly chaange the cardine output
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(6} Esopliageal hermation M C aged 54 was admtted to Montefiore Hospital in 1946
It was alleged that he had had an acute coronary occlusion 1 1930 With the onset of that
attach which lasted several days he expenenced dyspnea and intense cutting patn across his
lower chest Theteafter up to the time of his admission he had repeated setzures of severe
patoxysmal dyspnes and intense precordial pmn brought on by exeitement or undue exertion
as for mnstance on walling up a flight of stars In the last year the attacks were
accompanied by darting pain in the left shoulder radiating down into the left arm leavin, a
of b n the arm Fi ly the pain was 1 wth a sensation of
suffocation Throughout these years he developed no fatlure More recently atten
tion was directed to hus gastro intestinal tract because of features suggestive of peptic ulcer
The x ray studies disclosed an esophageal hermation The episodes which 1n recent years at
least simulated attacks of sudden coronary occlusion were due to the herntation and not to
any somatic damage of hus cardiovascular apparatus For more than 11 years he had faled
to show chnical or el di hic evidence of card ular disease

(+) Acute coronary snsuffictency wnduced by a heavy meal A heavy set swarthy Italianin
dividual A B aged 48 developed promptly after thengestion of an unusually nch and heavy
meal late at mght 1ntense precordial pain radiating into the left arm and shoulder accom
pamed by marked collapse The blood pressure fell from normal levels of 128/88 to 80/50
the pulse became imperceptible and dyspnea was marhed This acute alarming episode dis
appeared within a few hours and the patient was ambulant and apparently wefl His blood
pressure was restored to normal within a day He was known to have had mld anginal
pan 1 the past

(8) 1cute myocardial damage wathout coronary occlusion M C  a 46 year old heavy set
poly eythemic individual was suddenly seized following an intense emotional upheaval ®ith
severe precordial pam pallor which gave place to cyanosis vertigo profuse sweating and
general collapse His blood pressure which had steadily mounted in the previous year to 190/
120 dropped to 150/80 An 1 bl i was recurrent anginal patn

d by of suff Congestive failure did not appear The electrocar
diogram disclosed signs of acute myocardial damage

(9) Artertor wallinfarcison wath aeule coronary occlusion J J 268 year old male withsvmp
tomless generalized arteriosclerosis and hypertension (190/120) the latter of several years
duration suddenly developed intense precordial pain radiating into the left arm The seizure
was quickly followed by shock cyanosis depressed blood pressure (90/65) feeble pulse vol
leys of extrasystoles marked prosteation temperatuce of 102 to 10> F and leukacy tasis The
cardiac arrhy thmsa never developed into paroxysmal tachycardia Frank conge tnve falure
did not appear byt recurrent angtnal pain and prostration lasted many wecks The electrocar
diogram taken about ten hours after the attach revealed characteristic signs of acute anterior
wall infarction associated with acute coronary occlusion

(10) Postersor wall tnfarclion wsth acute coronary thrombosis and acute cholecystiis L M
68 yearsold 1n excellent health for y ears was seized soon after an evening meal with agontzing
upper emgastnc and precordial pun Shock and cyanosis appeared promptly the ¢yanasis
persisting even while he remained 1n an oxygen tent Dunng the next four days he had re
current episodes of severe precordial pain associated with bloads frathy sputum alsoattacks
of carthac collapse and recurrent episodes of transient auricular fibnillation The electrocardio
1 the second exghth and sixteenth days disclosed signs of acute infarction of the pos
nary occlusion Dive days after theonset of hus illness he

it At Erat b miaTrnnary rhAneal Attarelarnt e

grams o
tenor wall assocrated with acute coro!
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the sensation of pam projected into the cardiac terntory as a P chosomatic
svmptom  the coronary circulation 15 not 10y ohed (Chapter \\)

In the classic severe attack of acute my ocardial 1nfarction the pain mav be
very severe and 15 always fraught with grave dan,er but the penl may be as
great with mild pam of even 1 the absence of pan (sne dolore) Heart weak
ness collapse the angor ammi’ and a history of simlar episode with or
without pain bear witness to the diagnosis What true of the mtensity 15 also
true for the duration A fleeting pamn <eyere or ruld may brin,, death althoush
as a rule fleeting paws are recurrent and ot alaans alarming All this em
phasizes the vanabulits of the nature and other aspects of anmnal pamn 1rd the
danger that urks even 1n 1ts mildest mamfestations

The character of angnal paun 1s not uniform This 1s s ell demonstrated by the
wavs 1 which 1t 1s deccribed bormg burming crushing butsing twntin,
tamng Smfelihe lancmating viselbe claslibe or dull oppressue lenden
ete Most of these terms apply to pam of a mechanical character Some patients
among them well tramed physicians have unrustahabls described some of
these mechameal types of agony 1e nsupportable wel bt on the chest  as
Af Ahe sternum w exe bemg crushed bach to meet the spne There 1s no mistak.
1ng the agontzng unhearable character of this pain n a full fledged intense
attach but the descriptions of pan may 1ary tn the same ndi idual from one
attach toanother asmay the intensity or duration of the pain There are slizht
mmor attacks and stil milder forms shading off 1o states of dustress or uncas:
ness Slight exertion cold emotians are capable of producing miner attachs
Theze have heen compared to and even named petit mal of angma and they
may be as ominous as the vicious hornble vartets  the mulder pains diffenng
from the other tvpes n degree only Pam as already mentigned 1> con<picu
ousty absent i the type nanted angina (pectons) sine dolore  and exntus
with this 18 by no means unhnown When a nrst attack of angina {pectoris)
sme dolore 15 not fatat recurrences are not unhikely the parotysms possessing
some or al of the other features heart weakness collapse and terror met with
n the panful vanety

Vaquez® has made a special pownt of di ding angmal pawm wnto that brought

onby eflort (effort syndrome) and anginal
ginal pawn wathout effort (decub
tatter was further subdnded by Danselopolu’ i

1nto anginal
that 15 when at rest 1 the waking state wsually the%ia) ‘llr‘r):na:fl ::;Z‘x’:il
E\n dunng the mght This classification 15 apen o objection L aguer® claimed
(dal t:e angmal pan and associated features which occur during rest in bed
eﬂto?: ‘:lt:;znor “e\ en in sleep represent a spontaneous fatlure of the left v entricle
o %h nb‘:):in 0 producing the fadure But this tales st for granted that
P c;:n ‘:m [\; “:; d:}: :;;! 31 ﬂt;ct:atmns 1 metabolic actinity orematgnat
and these proces: "
to effort (hrown upon the heart and ccrona}:\ ar;ilziee{bzﬁriiﬁ%;ngﬁ

A2 -
Pyt ol
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15 rarely affected and the heart rate remuns normal or perhaps moderately
accelerited The blood pressure, too, 15 httle disturbed and heart fatture 15
not espected Peripheral collapse and shack are seldom port of the picture
Syncope 15 sometimes a feature and not to be confused with unesiness or
muld mental confusion, mamfestations which usually are prelimmary to an
attach Prolonged or progressive coronary nsufficiency can lead to very severe
manifestations, including heart farlure and death, more often myocardial n
farction intervenes and contributes to the outcome Sudden or uneypected
death fortunately 1 rare event inacute coronary msufficiency (angina pectorts),
may be the only chncal testimony of acute coronary msufficiency  the autopsy
disclosing either extenst e subendocardial necrosts or hardly any lesion if death
15 early

The cardiovascular features, as we shall see, are generally more marked and
mtense with the 1dvent of acute myocardial mfarction

(a) Angmnal Pamn It may be ashed whether pam s properly grouped as 2
symptthetic manifestation since the afferent pathways for pan are not con
sidered part of the autonomic apparatus Tor the chiniaan, however, this s an
academtc pomnt Pain has been grouped with sympathetic renctions for two
reasons because pn or its associited effects are transmutted centrifugally by
cfierent sympathetic fibers, causing for example perspheral vasomotor of
sudomotor responses and because the surgical 1ttack on angmal pam is directed
Iargely to anterrupting, the eficrent supphes to the cawdhoyascular apparatus

A connection between the se,mental dermatomes and the neurts 1s Jud
down early n embryonal life A portion of the outer ntegument desclops into
the central nery ous sy stem, the shin forever presery ing 1ts newrogenic property,
and the viscera become connected to the dermatome, by nerves which prss
through the neurtvas This connection 1s the basis for the dermatomic reception
of pam ansing in the heart and other organs The pain 1s sometimes wholly
confined to the reference zone In man paun and its refercnce serve 1s a gnm
albeit beneficent warning signal

The heart 15 supposed to be an msehsitny ¢ organ a belief which 1 supported
by authentic records of mjury to the heart fram externnl causes sach as Lmife
stab etc Most cardiac conditions other than acute coronars msufficaiency and
1ts allted complications are free of heart pain Thus diseise of the heart muscle
the endocardial liming the valves the nodes junctional and septal structures
rarely produces pain Fxceptions are rheumatic mitral disease especally n 2
small percenta,e of children and occasionally 1 an adult and cheumatic wortic
disease anginal pun appears more frequently when the etiology 1+ luetic
Cardiac pain sometimes occurs in cardioy scular disease associated with marhed
h)pcﬂensxon Heart pun 1s seen n h) pertensive states in anemias and other
blood conditions m Graves disease 1n toxic states (powsons)  penicardial
pan s evcluded i tius discussion The pamn may be crused by mental conflict
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pom with meapacitation and even to sudden, unexpected death Th"ls aceurs
upon the advent of exertion or other precipitating elements actin? upon
cardiovascular system that would otherwise be expected 1o Lary o1 for vears
D2 the other hapd patients with 2 mathed dumnuton of cardine resenve
due to antecendent crippling attacks of coronary or heatt disease mas « eather
fauly seyere attacks charactenzed by wntense angmal pam
Some of the unpredictability 1 the relationship of the degree and exient of
an acute cardiac attack and the amount of effort or other precipitating causers
due to the fact that we have no accurate method of meacuring untapped and
wnsed carduac reserne \ar can we estimate precusefs how much of this resene
1s brought mto action i the face of effort nor how capoble the coronary circu
fation will prove to be w putting wnto use collateral mterarterial channels of
40 micra or more oF arlerios enous anastomoses In short even when pre-cxisiing
cardioyascular damage 15 suspecied it cannot alwavs be recognuzed let atone
gauged Tt therefore happens and with tragic consequences that a rmild appar
ently tsignthcant exertion 1 sometymes enough to tip the scale and bring on
stvert anginal pain and even dissolution Yffort therefore however trmnl it
may seem to the vicm must be avouded 1f 1t has been known Yo prouce
snginal pain or related features
The same indmadual may vary in his tolerance to effort that 15 to say
without demonstrable change 1n the cardiovascular system he may negotiate
stawrs at one time without difficulty and at another time the same performance
1s impossible or disastrous  As nearly as one con tell no hnown factors have
been wtroduced to explain the diff wnreaction Lndout the tolerance
vaties with the physiologic endowment of the heart and corenary crrculation
but this can be measured and evaluated in a gross way anly
Just as effort frequently brings on an attat} of acute caronary msufficiency
stopping the effort will often stop the attack This 1s particularly 0 1n sezures
of rather mild angnal paw The effort syndrome 15 characterized by the prn-
ocation of pan assocated sometimes with dyspnea and esen mild effort, may
bean offender Stopping the effort enables the patient to get hus second wind
and he then proceeds tn comparative comfort 1f the evertion ahead 15 not too
'(:’;ﬂia'g:s\ ox;:n;os\ha })’.s\hngnumomc sign of acute coronary nsufficiency
o ) n the face of a mild effart such as chimbing 2 gentle stope
14 €ps ot even traversig a city block ot two the heart promptly
flags and 1ts owner deyelops breathlessness pun an the D
precordiom posaibly

mth overtlon mamfestations Th
1s brings hum 1o an abrupt
shun any demonstration of i Sctenme

Ulness pretend at window shoppm;
:&;:31;:“‘)‘:"\!1: physical exertion 25 b aked and an 1£Fm§l\(u\zc:;:§:\sol::c
T Thecs;:hce whereby the left v entricle has an apportunity to beco:ne
o patient now without fear and the heart without Pain can resume
the appotated tash  Although the genesis and mechanism with

1
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ter of these types of anginal pun attest to the temporary nature of the disturb
ance 1n the coronary circulition, 1€, acute corontry msufficiency This con
trists with severer and more enduring angimal pan produced by acute
myocardial infarction

Slow movng arteriosclerotic changes mn the blood vessels of the heart lead
to constriction of their Jumen and to obhiteration, but these gradual changes
are not 1ttended by pain On the other hand, 1t 15 comparat ely rare for abrupt
or sudden occlusions 1n the coronary vessels not to cause pamn The sensation
vares from extreme angwish to mild distress or none at all, depending upon
the many physiologic and psychologic elements such as the mdniduals
threshold for the perception of pain, etc The chief consideration, howeser, Is
undoubtedly the heart itself, its age and condition 1n respect to the vascular
supply to the musculature 1n respect to the caliber of the v essels and especially
to the capacity of the organ to call upon collateral channels to protect the
distressed areas

The pan 1n all these conditions 15 localized 1 the heart or i the region of
the heart Of the authenticity of this localization, 1¢, In or about the heart,
not only the testimony of sufferers but the records of careful clinical observers
lewve no room for doubt Tt 15 therefore open to some question whether the heart
1s truly an msensitine organ The coronary vessels in lower forms are hnown
to cruse pan, but in human beings this formation 1s lacking, (Spregel*~*)

Although ngina pectoris (acute coronary sufficiency) often includes more
thin pun and pam, n fact majy be absent, 1t may be the single feature of an
attach and thus practically synonymous with angina pectons Angmal pam
has faurly well defined delineations, even though graduations and nuances of
the pam modalities, vanations mn distribution and reference resersals 1n the
direction of the distribution and  substitutes or equivalents have been
described ° While anginal pam in uncomplicated 1cute corenary nsufficiency
{1nginn pectons) may not be outstanding 1ts physiognomy tahes on new pro
portions when the msufficiency 1s accompanted by acute heart muscle damage
or by 1cute coronary thrombosis with infarction of 7 relrted myocardial area
Angmnal pain on the other hand, 15 alleged to be warded off by congestive
heart faslure This 1s not alnays the case nor 1s 1t consistently vabd that the
attack of acute coronary msufficiency which mstigates mgmal pam will not
come off in the presence of auricular fibrillation

(b) lnginal Pawr and Effort The connection between tnginal pain and effort
15 common hnowledge and exemplified in many cases T'ffort 1s the most frequent
precipitating cause of acute coronary wnsufficiency plays 1 part 1 producing
acute myocardrl infarction and 1s perhaps not entirely excluded s a preaipy
tating factor i acute coronary occlusion Not alw1ys 1s there 1 quintititive
relation between the onset or degree of the cardiac emsode and the amount of
physical exertion Thus seemingly nsignificant evertion may lead to anginal
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duce evere and even alarmng features As the minute output 1s reduced the
arcdlation may develop fornard failure ,3e not enough blood reaches the
peripheral airculation The acute form of this type of falure can produce a pic
ture which resembles shock, (penpheral vescelae fadure) with mansfestations
of s.eabness fatigue falln blood pressure cold clammy shin and unconsclous
ness Sudden weahness of a severely mfarcted heart or heart failure mduced
by evere unreheved tachveardia as an acute coronany ncufficiency, for
Instance may produce peripheral vascular falure The penpheral fatlure 1s asso-
cated with reduction 1 cardiac filling diminished coronars flow and under
utrition of the heact muscle Penipheral vascular fatlute alo has heen attnb-
uted to a reflex act and not directly to the state of the heart muscle or the
Character of coronars flow  Although cardiac output appeats to be uadisturbed
In mam case~ of acute coronany msufficiency  the patient often expeniences
lassitude fatigue weakness or famntness and for days or weeks after the acute
episode 1s ov er the complamnts may persist Whether these symptoms represent
after il some form of undetected impairment of cardiac output cannot be
sud Recovery is useally rapid and complete and the cardiac output of 1t has
been disturbed 15 quickhy nghted Prolonged or extremely severe coronary
msufficiency can reduce the cardiac output and so lead to the manidestations
assoaated with forward fadure

Cardiac Ontput tn 1cule Mrocardral Damage The cardiac output as a rule
15 diminished when the heart fatlure 15 associated with myocardhal ifarction
(Hickam and Cargil  Stead et al¥) d by congestine
Laduninihed and even wncreased cardiac output has been noted 1n congestive
heart failure in subjects with thyrotovicosis anemia ot benber: and this para
dovical result 1 explamed by the fact that the cardiac output 15 augmented
befare the coset of congestive heart failure and that the cxrdiac output 15
depressed but not to subnarmat levels
uo::ld:\[ f::];l‘xt‘andf (l:zngesme heart faure 2re 10 2 great degree condi
P at CT).; : e):'n))cfcardmm l~\s the left ventncle weakens back
it ) ops Ihe .ttz & left ventricle permits the pressure to fise in the

auncle and the 3 G

the pulmonary v essels become engorged and stiffened 31
1shed and breathing rendered d:ﬂ’fcuﬁ The dnl‘ﬁcultzdm‘b!r:;::&?g; :: (:lmm
18 due to the effect of loral congestion on puimonary vagn endin,s am{ r{;nt?
chemucal agents acting on the respiratory ceters As \alurae :x\d TR :’
in the pulmonany airculation increase the mght \entricle will s
weahen sull more the SySter ¢ venous pr:ssmaxrc will nse and Sentually
gorgement and general edema ensue e visceral en

asa Q! 18 retarded and

m:rl::) :Zn‘x‘:m}an:m ol( ﬁ)uld {edema) i the orpans and tissues 15 attnbuted
© factors (a) a reduced renal flow which follows low
wered cal
output (Warren and Stead™) and {b) the diminished reabsarption pf ;:;1];:
2 d
Y PR R
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attendant pamn are not entirely clear, the achievement of a “second wind’
represents 1 very useful warmng to the anginl patient and cnables him m
certam phy sical tashs to avoid threatened disaster By trial and error, themtell
gent sufferer comes to reahize the hmitations which sutround lum and he will
undertihe certam efforts with the greatest circumspection and shun others
entirely But this 1s not a unnersal rule, for the most ntelligent patients may
be unsuccessful

The effort mvolved for mstance n many bodtly functions s a serious problem
to some pattents Swallowing voiding, mastication, defecation, sexurl mter
course, sperhing, sneezing coughing, retching, acts which are only 1 part
under conscious contro} and, therefore, almost passive functions, my bring
on 1ngmal seizures In advanced cases the effort entailed even n the mildest
of these acts 15 sufficient to usher m a parenysm hifting an ensy weight suchas
a small grip, stooping to the floor or rising from 1 chr or from bed, very slow
walking, especnily 1n the face of a wind or in the presence of cold Lven spething
At some length m an ordinary tone of voice or the performance of light hand
work while at rest may lcad to an angmnal attach Deep sighing, yawning or
a sense of lenden wearness m1y be m the picture Apart from the emotional
excitement entuled, 2 sudden triumn under other circumstances almost
nconsequentiil as such an njury s stubbing a toe bruismg a hnger nad,
or even being shaken in 1 moving vehicle may be a precipitating cause The
physicl effort m all these wctive and passive acts 1» not alwny s the sume, which
expluns i part why they are not 1lw1ys preaipitating ciuses

Less frequent but not at all rare 1s another form of effort syndrome signal
1zed by 1 delyed yet sudden onset of deep wenrmess, sighimg and y Wity
some degree of shortness of breath and heart or precordial pun radntion
nto the left arm 1s sporidic Tlis tram of events comes on minutes sometimes
ten or tifteen after, not dunng the espenditure of an effort The postponed
reaction may o\ertahe the subject when he 1y resting and the performance of
exertion forgotten He must be on guard therefore, agunst overtain,, himself
durmng the period that fallows an evertion The mechanism probably s related
to ovy gen debt

(¢) Cardiac Rale Sinus tachycardia 1s frequent especially 1n acute coronary
msuffictency Suprax entricular or ventricular paroxysmal tachy cardia auricultr
fibrillation auricular flutter extrasystoles heart block may accompany myo
cardinl njury Changes 1n heart rate are not necessanly of serious tmport A
very rapid rate however, ina badly damaged heart adds to the gravity of the
situation Bradycardia on the other hand, 1s not frequent 1n mjocardial 1n
farction and 1s, Indeed, considered a favorable sign (p 3») Pulsus alternans s
a grave sign if the heart rate 1s not too high

(d) Cardrac Output1n Actte Coronary Insufficiency The iability of the cardiac

pump to delnver adequate amounts of blood to the tissues of the body m1y pro
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duce severe and even alarming featgres As the minute output 18 reduced the
crculation may deselop farward fadure’, 1€ not enough blood reaches the
perpheral circtlation The acute form of this tvpe of failure can produce a e
ture which resembles shoch (penpheral vaselar fadure) wath mandestations
ol weahness fatigue fall in blood pressure cold clammy shin and unconscrous
ness Sudden weakness of a severely wfarcted heart or heart failure induced
by severe uneheed tachveardia as mn acute coronany msuffiaency, for
imstance may produce pesipheral vascular farlure The peaipheral fatlure 1s asso-
aated with reduction m cardiac filling diminished coronan flow and under
autntion of the heart muscle Peripheral vascular failure also has been attrh
uted to a reflex act and not directly to the stiie of the heart muscle or the
character of coronans flosw Although cardiac output appears 1o be undisturbed
m many cases of acute cofonary msufficiency the patient often expeniences
fassitude fatigue weakness or famtness and for davs or weehs after the acute
episode 1s over the complatnts may persist Whether these svmptoms represent
after all <ome form of undetected 1mpairment of cardiac output cannat be
sud Reconery 1s ysualh rapid and complete and the cardiac output 1f it has
been disturbed 15 quckly nghted Prolonged or eviremely severe coronan
msufficency can reduce the cardiac output and so lead to the manifestations
assocated with forsard fature

Cardiac Outpul i1t Ycute Myocardial Damage The cardiac output as a rule
15 dimunished when the heart fuilure 15 assocuited with myvocaedial wmfarction
(thcham and Cargill  Stead et al* ) complicated by congestive mamifestations
Lnd runsshed and even increased cardiac output has been noted 1n congestive
Beart fadure 1 subjects with thyrototicosss anemia or benben and this para
dowral result 1s explamed by the tact that the cardhac output 15 augmented
before the onset of congestive heart fadure and that the cardiac output 1s
depressed b ¢ not to subnormal fevels
“;‘:3”;‘ f:fl":;lﬂendf Cl;‘ngasu\e heart falure are to a great degree <ands
e )de\;: T)o ; e ;n)oc\rdmm As the left ventricle weakens back
It suncle and the eble left sentricle permts the pressure to rise m the
the pulmons \esfel‘ b 3 asa € 15 Tetarded and
vhed and br:’ﬂthm : (Clm:le cogored and stflened \ al capacity s dimin
Aty g rendered difficult The difficulty 1n breathing, or dyspnea

¢ effect of lacal congestion on pulmonary vagal endings and not t

chemical agents acting on th °
1 the pulmona u;»cum e respirafory centers As volume and pressure
weaken <ol mo?e o s\slx:,, increase the nght ventricle will ey entually

i denous pressure will mse and v
gorgement and general edema ensue el en

Th
mm‘i ::Zﬂl:\:nu:au‘on of flud (edema) 1n the organs and tissues 15 attrhuted
o 1 arr) r:c o(rlssm a: reduced renal flow x hich follows low ered cardiag- ~
ven and Stead”) and (b) the dimimished renbsorp}‘mn of soditm

o
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AL o~ -



30 ANGINA PECTORIS AND MYOCARDIAL INFARCTION

by renal tubules (Mernill %) These explinations are, perhaps, not entirely free
from enticosm In the first place, some naterlogged patients with congestine
heart failure show a normal or even increased cardiac output, 1 the second
place, 1t 15 difficult to reconcile waterlogging of the body on the bass of dis
turbed tubular reabsorption with the experience thit waterloggug is absent
when the tubulir apparatus 1s crippled by nephrosclerosis

The average cardac output of normal adults at rest js approumately 54
liters per nunute or 3 1 liters per square meter of body surface (Courmand’,
Warren 1nd Stead # McMichael and Sharpey Schaefer-¥) The output may be
reduced 50 per cent or more 1n heart failure associated with cardiac anasarca
These results h1ve been recently obtamned by the intracardiac catheterzation
technics based as were the older methods on the principle of the durect Tick
method A c1ution 1s 1n order on evaluating the recent data, the normal cardiac
output 1s reduced almost one third when the subject assumes a recumbent
position !

(e) Coronary Circdanion The degree and extent of dynamic alteration in the
coronary circulation of human beings has not been directly established because
the technical difficulties have been msurmountable A considerable body of
information of the physiology of this circuit has nevertheless been obtained
by mvestigaitions on lower forms Recently, Goodale et ai 1@ ¥ succeeded m
cathetenizing the coronary sinus of dogs and this has led to a sumlar technic
m man (Bing et 21%) This points to a direct method of imvestigating heart
muscle metabolism and of determining the energy output (wattage) of the
heart as a pump

On theoretic principles if the coronary flow over a grven time were hnown,
the work of heart muscle could be calculated by noting the difference in tem
perature between afferent and efferent blood Since a method for determining
the coronary volume m man has been made availble by Kety and Schmdt
(Am Heart J 1949 38 1) 1t may prove feasible to correlate temperature
gradient and blood flow utihzing the former as an index of cardiac metabolism
Then too the employment of isotopes contrinved with a speafic inkage to
elements which participite m the intermediars mctabohism of heart muscle
mght y1eld information on the efficiency of the heart as 1 pump It 1s known for
mstince that anoxemia leads to profuse disturbances of cructal potnts i the
long chamn of mtermediary metibolic activity and 1 disturbance of this type
1e pyruvemia has been correlated with the degree of heart fulure (Y anof®)
and with abnormal T waves (Randles et al ) Methods of the ty pe suggested
above are obviously not perfected and the functiona] impairment of the
cardiac apparttus in acute coronary msuffictency or 1cute myocardial infare
tion 15 at present eviluated chiefly by climical \ray and clectrocardio
graphic enitena, methods which leave much to be desired

(f) Pulmonary Crreulation Cardiac output in acute coromary nsufliciency
and n acute heart muscle damage 1s tied up with the regulation of the pul
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monary tircalation snes ths extracardiac cirewt 1 the first L0 ‘bear the brunt
of the dynamic changes 1tiated by damage to the pamp (heaet)

4 sharp nice 1n pulmonary Good pressure 18 aileped to accompany angina
pectons (arute LOTORATY wsufiiciency ) accastonally m Led hypettensne
mnidets St propo od s Hochstauungsdruch  theory ta explan such
[ that m the pul n 1 the Llood pressyre
heshtened by luog stand ng, hvpettenste eatdinascular disease underwent
abrupt vanations responsible for sudden attacks of pulmonany odema and
\hat the layter evohed reflex constrction of the pulmonary vesedds This etz
aation 5 howeres theoretic The pufmonary circulation of nonhvpenensne
ndnidyals 1 also though sery mfrequentdy  subject to bursts of devated
blood pressure ot only Were these and other activitics of the pulmonasy and
carduac creulations looked upon as refiex i patnre byt 3 vefer W was Teld
poverned the mterachion of both trowts (Stroeff # Villaret et al* M Scherf
and Schosbronner ¥ € ofiered electrocardiog traphic evidence to suppest thas
(atter contention bug (s evidence Pann®™ mamtains 15 pot comusne The
elertroca diozraphic sizns resembhng myocardit mfarchion thsen e w acute
pubnonary embolization man be due be feels ta depressor effects on the

systete orcufation and to alterations m gas exchange which m 1w affecy
the coronany orcut ¢

(g} Blopd Pressnre Uncompheated acute coronaty insuffiienes disturbs
the arterisl blood pressure hitle A sudden nse in sy stemic pressure 15 obsers #r)
oc 2 ronally 10 hypertensive subjects i the eardy stage of acule myocrdial

Sreculy 160 15 pethaps in order whither the pulmonars artery pOwesses wnus tecepe
s Whueh belo regulate the ystemi and j ulmoravy arcilstions ¥ yidence to suy part such
2 coftention £o.5s 515 of the sterhung analogy  fower forms an 1 n e human emino of the
regulative fu ctsans £ the deg cecnant sensos Teceptom in the Lranchial artenes any of mie
st chmcal olretation ¢ bumz ot uls
T Yeanch at antenes associated with the branct al arches 10 anualic forms purssss rerre
hemtents Whirh  articipate i eegola g BN reulioon and vesparatian Semidat elements or
’\f\\'('wn are rccofmuzatle 1l the branchial artenes of the mammahan eminyo §e§ retink
(;\ntr the firstan] e nléetof archesr opky the thind <ot forms the caroti ] \essils wath
i:» Fetasmed tecer vors (he fourth Len thy Jel? diue) b omes the aorta with its sinus rereptor
e nich 2n ) suth sets fose o dhe  uhmMIts arters Receplors in th pulmoniry artery
would th :clore Pe expecte { to survine aa | funcuon
Paun¥ o dhe tas of bis o v stushes and the word of predectssors states that the gul
T ATy anen Yranche possess o p
i Possess deg ressoy foce] tors which Dilowing o local merease 1a yul
mu.:n r:ﬁ;;;ss\\r‘; .mm; 8 {depvenson) 1l n 8y temse } ood pressure and & 30 iny, of
te The s wiluence £ iheve receptucs on the
o e e ‘plucs 00 the ulmonary biood pressure hay hyaes ¢
Wwralher se
iy ‘mm ¢ Wt de~th from acule massne PIm nary emte hzatinn an § iméare
R ly o stantaneous and sigms of 2 Thyxia seldem {art of th
Lo are W sy eore ot the e o m g act of the {icture The o ol
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damage, and 1n nonhy pertensive cases the rise 15 cven less frequent The eleva
tion 1s mmunly 1n the systolic level, the dastolic plateau remaining less volatle
and the episode 1s transtent

Since the carly stage of acute myocardial infarction 15 characterized by a
parasympathetic (depressor) effect, 1t seems paradovical to find even rarely
1 sudden clevation of blood pressure When 1t 1s realized, however, that both
autonomic divisions may be hyperactive with the onset of the autonomic up
heaval, 1t will not be surpnising to find that the sympathetic occastonally
guns the ascendant role

\cnous pressure 1s greatly increased mn congestive heart failure, especally
in chronic fatlure The ncrense takes plice after considerable salt and water
have been retamned and the blood volume has mcreased (Warren and Stead®)
This trun of events 1s frequently seen with impairment of the heart muscle or
the coronary system When the nise of venous pressure 1s acute and sharp it
c€1n act upon receptors in the auricles and in the large veins causing an accelera
tion of the heart rate through the cardiac sympathetic nerves This s the
Bambridge reflex Ihe reverse of this, a depression in venous pressure respon
sible for a slowing of the cardiac rate, 1s not established A refles described by
McDowall and supposed to start in the nght auncle 1s due to an ncrease
n venous pressure The reflex produces stimulation of the sympathetic innet
vations leading to vasomotor constriction with an mncrease i systenuc blood
pressure

(h) Peripherat Vascular Phenomena These occur munly as mtermuttent
cludicition of the lower limbs, but claudication can also affect the upper €x
tremities the vessels of the fundi oculi the brun and in the thorty and abdo
men Many years ago, ’1I%~" called attention to vasculir spasms or crises
25 he termed them and v form of wteranttent claudication which attachs the
pulmonary vessels has been described by Posselt * mamfested by tightness
and general distress i the chest Al these spastic phenomena probably depend
upon sympathetic vasoconstriction

The mechanism of the spasm which seizes the coronary vessels has recenced
2 good deal of study especinlly in ammals under experimental conditions
(Manning et 1l , ' McEachern et al 2 Opdyhe 1nd Selkurt %) and 1t 1s generally
agreed that the mpulses travel by vagal pathways The clinical aspect of reflex
vasoconstriction will therefore be discussed under the parasy mpathetic effects
® 37)
2 Shock

Although the action of the autonomic nervous system m shoch scems to
be chuefly depressor 1 character, pressor effects account for the constriction
of the splanchnic vessels the cutaneous vascular bed and of arterioles in other
parts of the body The depressor mamifestations are promnent (p 33)
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3 Respiratory Features

mstocted as a result of regonal
-l:he P\ﬂ“;:“‘ﬂf) ‘E‘{ﬂi ma“ \!iﬂ":c Stomo discharge This1s b erved
u: angnd ;uscto:h or acute myocardial nfarction or 1t may persist alter thc\
acute attach Changes n respratory rate and rhy thm are often due to centta
effects occurnng elther as primary responses ot the part of the respiratory
autonomuc representations in the brawn stem and cortex or as reactions brought
on by the mfluence of metabolites or escessive edema flud acting on the re-
prratory centers  Thssocravion of the imtegrated pattern of sespication takes

place only when the cerebral zones of respiratory regulation are severely com
promi ed ®

The respiratory mantfestations can also foltow stmulation of the sy mpathetic
fbers which 1nnenate the bronchial musculature and relax it s a matter
of mterest the administration of epinephrine 1n asthma or other acute parotvs-
mal states relaxes the bronchial musculature 1z this nay stacts by relauing the
bronchi! muscutature through sympathetic simulation the cautious use of

epinephrine may be advisable to bring about this relief even 1n the presence of
angmnal pam (p 281y

1 Gastromntesimal Fratures

The svmpathetic mator nerves of the gastro-intestinal musculature consst
of a group of efferent hbers which leave the neuravis between Th 6 and L 4
wnclu 1ve forming the splanchnic nerves They innenate not only the musey
lature glandular elements but alo blood vessels of the alimentary tract Sym
pathetic stmulation can therefore cause constriction of the vascular supples
of this tract

The svmpathetic nerses bt contraction of the gistromtestmal ruscala
ture This nhibitory effect can lead to acute gastnic dilatation atony of the
bonels meteon m and flatulence and belching are probably associated phenom
end The symptoms tmay anise pos 1o an attack of acute myocardial infare
1N o acute caronary msuffictency or they may preciputate the attach Attacks
of this nature havebeen labeled 1 the Ppast as indigestion or ptomaine porsoning
but they are w reality card ac episaddes and dangerous ot only flatulence
and belchimy, but hyperchiothydna and cardualga may precede ot accompany
an acute cardiac episode or persist long after the attach The gastro-intestinat
events which precede an attach have been studied extensiy ely by Verdon®

Compared to circulatory features the gastro-mtestinal mamfestations are of
secondary import but they ma

5 take on major sigmficance and throw the bal
ance from recovery to no recovery especially o the heart has been badly
damaged Meteonsm can be a great offender 1 this respect and somaung ton
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5 Sudomotor Reaction (Sueafing)

Pallor flushes, clamminess of many parts of the surface of the body are
quite common during and shortly after wn acute attack of 1cute coronary
sufficiency free of or complicated by vcute myocardial infarction The clam
miness 1s due to sweating ssociated with vasoconstriction of the shin vessels
Sweating may be drenching And aggravate the fatigue and asthema which soon
follow the attach The sweating often 1s mamfested through the fiber paths
which transmet anginal pain and thus remun limited to the dermatomes n
neryated by the left theraaic segments 1 to 4, or the swexting can take a patchy
or bizarre pattern on the body surface or 1t may be generahized and independent
of pyresit, excessive m the day time or at might, and unrelated to the mobiliy
or phystcal activity of the patient After an attack of acute myocarditl mfarc
tion sweating may persist for weeks lingern,, as 1 sole sumptom when all
other evidences of the attack have apparently subsided Sweating of this order
1s a sertous symptom and speaks for a generalized disturbance of the autonomic
Ipparatus not yet come to rest Very occasionally sweating 1s well s flushes
pllor, paresthesins yawnmg or insomnit may be a forerunner of an oncoming
attack  The restriction of fluid or sodwm chlonde or the adminstration of
atropine have hittle influence on this sweating Sweating 1s grouped with sym
pithetic mamifestations beciuse 1t 1s mduced by central 1utonomtc representd
tions throughout the neuraxis The peripheral imb of the pathway 1s, however
prasympathetic and this explains the bloching effect sometimes obtamed by
atropine
6 Pilomotor Reactions

Erection of the body hur a strikin,, feature in lower forms 1s not promuent
i the human subject Nevertheless these manifestations cin occur 1 man and
represent a sympnthetic effect of the pilomotar apparatus The reaction m
colloqual parlance 1s known as  goose pimples or  goose flesh  Pilomotor
activities have been produced experimentally i cats for example by stimu
lating the posterior hy pothalamus (Case £ h developed durmg an attack of
angmna pectors, generalized sudomotor 1nd pilomotor changes whereas the
shin of the upper half of the body was warm and red and the shin of the
lower half was grey, cold and clammy See p 18)

B TuE PARASYMPATHETIC MANIFISTATIONS

Parasy mpathetic manifestations are generally prone to be less regtonal
namely more wide sprexd and generahzed than in the case of sympathetic
manifestations but this 1s not a fast rule

1 Shock
This condition s not 2 usual accompantment of mild or moderate acute
coronary nsufficiency It my, however appear m 2 protracted unrcheyved
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attach and 15 more frequent and pronounced when acute my ocardial infarction
oceurs The degree of shock 1s varable In severe shoch the areslatony mant
festations are marhed and 1o the fore \enous pressure 1S lowered cardiac
output reduced penpheral arculation slowed the splanchmic arex ov erfilled
with blood and the cutaneous vascular bed constricted Cutaneous pallor
peripheral collapse and cardiac failure are the chinseal features of shock These
reactions are for the most part depressor n character and stem chuefly from
actnsties 10 the bram stem  Sympathetic vasoconstriction howerer can
eventually get the upper hand or become mamfest even dunng the state of
shotk This can be evidenced by constriction of artenolar beds w sanous
pants of the body especially the splanchme region and the shin

2 Lxhaustion and Prosfration

1 rostration of a sense of eshaustion 15 often a sequel to a parovsm (11tack)
of acute coronary msufficiencs Fyven a mild attack cn bring this on sath
vanations from hstlessness lassitude to a deep wearmess or leaden heavy
Uredness or prosiration Prosiration of eshaustion may antecede the sttack
or persist for some time usvally 1t1s not long Ine Exhaustion and prostration
1n sexerer and more protracted forms are apt to appear with acute myocardial
damage with or without acute coronany occlusion Since the adrenal sympa
tretic upheaval pnmanhy an emergency reaction 1 characterized by vigor
and hypersctinity not by laseitude and fatigue 1t may therefore be wmferred
that prostration and tatigue are parasvimpathetic effects However one cannot
be too dogmatic on this point
3 Cardiotasclar Featnres

m:;\;‘a::\:ﬁzfe(;h:ngex: '::t’e remam surpnistngly good not perceptibly de
unchanged or moderately slowed the cardiac
output normal Indeed cardiac disturbances during an attach of acute coronary
wsufficiency (angna pectons) and even 10 rare eases of acute myocardia) 1n
farcuion with or without acute coranary occlusion may be mimmal almost
absent The parasy mpathetic sp stem appears to Keep the heart and the gastea-
mtestinal tract 1n bne 1o hold these organs fast dunng the aulunor:xc o
heaval which accompanies the acute onslaught on the cardiac apparatusuilt
I‘sl:lcmrdmgl) !\\\o{ too surpriswng that brady cardia vceasionally dey elops and
. 1
cardic m(:umona been : el 25 4 o e s i saate
Depressor may be very p {1 acyte
f::\m: aﬁucm«l with corenany thrombess of a major \t:e'l :eil;::rclgﬁla us‘c
e : dlsed\ {;Um\ the mitial infarction When the heart has 1o combat I:he
— m::u ‘e:lx of 'fresh ar advanang myocardial damage before collateral
— 1on has bhad an apportunity to bring 21d to the heart the d
~— ts tmay become irre ersible and death imminent The ““ssl“t‘ e
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(depressor) cffect on the arculition, manifested by very low blood pressure
and other features of airculatory collapse, 1s too great a disability for the
mumed heart and cnppled coronary system to overcome But there are
mstances 1s severe 1s this when, despite circulatory depression, the heart can
make the grade if not mortally mnjured

The artenal blood pressure 1s httle 1f at all disturbed n uncomplicated
Acute coronary nsufficiency but it will dechine sharply, asa rule from 1 previous
normal or hy pertensi e level follow ing acute my ocardil infarction The systohe
and dnstolhc pressures fall, the former markedly, and the pulse pressure s
reduced The prognosis becomes grave 1s the drop in blood pressure stays
unreheved for duys or even hours, a systolic pressure of less than 70 mm Hg
has an extremely grive import (Mintz and Katz ¥) Distolic pressure held at
alow level 1s also an extremely unfavorable sign The hiy pertensi ¢ mdnviduals
will exhubit 1 greater fall 1n blood pressure than patients with normal levels,
but in them 4 by potenston below 100 mm Hg which endures sev eral days catnes
a very sertous outlooh Lventually, if the patient Iives for one or tno yein
fter the attack, the blood pressure 1s very lhely to return to its previous
level and thns scems to be true for patients with normal or hypertensne
levels The depressor effect on blood pressure can how ey er, persist for months
and even years, mdicating that the hy potension from the beginning or at any
rate after the subsidence of the attack, 1s not cardiogenic, 1 e, produced by &
dimimshed cardiac output assocrated with forward failure

A first episode of angina pectons or of acute myocardml nfarction with
acute coroniry occlusion, even In victims who have been free of hypertensive
cardiovascular diseise can result mn an earhy, death, congestne heart fallure
having no opportumty to develop An tcute coronry occluston 1t 15 clamed
by Galbert and his co worhers ¥ * can set up reflex vagal constriction of un
occluded coronary vessels The reflex 1s vagal, unless onc agrees with Ratz
and Jochim®® that the constriction of the coronary vessels 1s by sympathetic
nerves Constriction of the coronary vessels may lead to fresh or wmncreased
anginal pain and to other deletertous effects on the cardiovascular apparatus
The depressor effects on the circulation include the spectal actiities of the
carotid and aortic sinuses and the influence of the vagil mnervations on the
hepatic vens The hepatic vemn barners ’ \enensperre (p 93} hae been
shown to exeraise a regulatory effect on water regulation of the body but their
role 1n congestrve heart failure 1s not known

During the acute attack or very shortly thereafter the heart action may
become weak 1nd the sounds take on a muscular mufiled qualty and the
rhy thm, fundamentally sinus may become intercepted by single or by groups of
extrasystoles True pulsus alternans 1s not an accompaniment of angna pec
but 1s encountered 1 advanced long standing hypertension and 1n

hearts have been weakened by repeated onslaughts of my ocar
L b e b v otarndetill arsentriciilar fibrilatiese Thoe

tons,
patients whose
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latter event 1n @ mannet of speaking 18 the way 10 which the heart sins n‘ﬂ \
before it stops Schwartz? has howeser deseribed patients with m){ncnr; 13
damage and coronary occlusion who suni &} numerous attacks duy al l{:f day

Reflex Coronary Caustriction Tt s caimed that 1n the dog acute infarction
of the myocardum experimentally produced will ghe nse to stimuhy which
cause reflex coronary sasoconstriction and that the athwas of such a seflec s
by afferent sensory fibers from the feart and by efferent vagal fibers to the
coronary system (IcRoy and Smder’’) Nervous impulses from the primary
wscherme arca of the heart caused by acute coronary occlusion are d o
mduce a temporary reflex spasm of other cotonary arteries resulting, in second
ary ischermc areas Turthermore the reflex cnronary constriction ¢an lead to
fatal ventricufar fibnllation ([ cRoy and Smider™) the reflex 13 tholished by
anesthesid {Manming et 217} and xanthwe dervities and atropoe help to
vt fuce the secondary 1schemic areas (1 €Roy et 21" The effect of nesthesin
and drugs such as papavenine in this connection has recently heen inv cstiterd
ayan by Opdyke and Selhure

Accordng to € reene' ®and Cidbert et al ¥ *an acute cardiac infarction 1
man as well 33 1n the dog can produce a similar train of events Reflex vaga]
coronaty CoNStHChoN 15 an accompanying danger and the consinchion may

cause ventneular fibnllation and sudden death of the mamfestation only of
angnal fan

4 Respralory Changes

The pulmoniry arterial bed after mual sympathete constaction my
undergo purasympathene dlatation € enerally speakin, the putmoniry ap-
§rratus has to overcome two strong influences sy mpathetic cansteetion of s
vascular bed and parassmpathetic constnction of the bronchial muscufature
A depresor effect srendy altuded 1o 15 hsened i the sagal slowin,, of the
cardiac rate This 1 often conadered a fasorable sigrin the presence of weyere
myocardal damage The heart vs retasden) because the picema er of the heart
s sfosed ind nor beowse ay 1n heant Lock for instance the Junctional tissue
have bieen affected

(1) 1pnea True apnea must be distangut he ! from voluntiry  brakn,
of the respiration as witnessed in a patent far example who sty s to rem "
mmohile during the excruciating agony of the 1ttach Dbreathing 58 hy e
hiherately avorded or hept shallow Osler? o hag described lhh AN

holding, the breath as long, a3 possible A attack of an, mr| ‘sl o
accelerates of diminishes sentilation Althaugh apner “gm: {m;nm Hitom
the heart 18 severely dama b

n when
ted at 1 unlikely 1n uncom, cated acul
T t

¢ cofonary
(bh Insprea Shortness of breath truedysprea s not fora
1t can he produced by 4 coronary 4y slem mcompetent to Iy

A 0 the puetore
of oxygen neaded by the heary 10 enstite this org 1n 1 delys

g, the fuantity
er adequate oo
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(depressor) effect on the circulation, manifested by very low blood pressure
and other features of arculatory collapse, 15 too great a disability for the
mumed heart and cnppled coronary system to overcome But there are
Instances 1s severe as this when, despite circulatory depresston, the heart can
make the grade if not mortally njured

The arterial blood pressure 1s httle if 1t 21l disturbed m uncomplicited
1cute coronary insufficiency butat will dechine sharply, as 1 rule, from A prestous
normal or hy pertenst e level follow ing acute my ocardial mfarction The systolic
and diastolic pressures fall, the former markedh, wnd the pulse pressure 1s
reduced The prognosis becomes grave as the drop m blood pressure st1ys
unreheved for days or even hours, 1 systolic pressure of less than 70 mm Hg
has an extremely grave import (Mintz and Katz 7) Drastolic pressure held at
aJow level 1s 1lso an extremely unfavorable sign The hypertensi ¢ indiniduals
will exhibit 1 greater fall in blood pressure than patients with normal levels,
but in them a hy potension below 100 mm Hy, which endures sev eral d1y s carries
a very serious outlooh Eventually 1if the patient Iives for one or two years
after the attack, the blood pressure 1s very likely to return to its previous
level and this seems to be true for patients with normal or hypertensne
levels The depressor effect on blood pressure cin howeser persist for months
and even ycars mdicating that the hy potension from the begmning or at any
rate after the subsidence of the attack, 1s not cirdiogenic, 1e, produced by 2
dimmished cardiac output associated with forward fulure

A first episode of angmna pectons or of acute myocardial mfarction with
acute coronary occlusion even mn victims who have been free of hypertensne
carchovascular disease can result m an early death, congestne heart fmlure
h1sing no opportunity to develop An acute coronary occlusion 1t 1s clumed
by Gilbert and lus co workers 3 ¥ can set up reflex vagal constriction of un
occluded coronary vessels The reflex 1s vagal unless one agrees with hatz
and Jochim'® that the constriction of the coronary vessels 1s by sympathetic
nerves Constriction of the coronary vesscls may lead to fresh or ancreased
angmal pun and to other deletertous effects on the cardiovascular apparatus
The depressor effects on the circulation include the speenl activities of the
carotid and nortic sinuses and the influence of the vagal nnenations on the
hepatic veins The hepatic vein  barriers,” \enensperre (p 93 have been
shonn to everaise a regulatory effect on water regulation of the body but their
role 1n congestive heart failure 1s not known

During the acute attack or very shortly thercafter, the heart action mav
become weak and the sounds take on a muscular mufied quality and the
rthy thm, fundamentally sinus, may become intercepted by single or by groups of
extrasvstoles True pulsus alternans 1s not an accompamment of angina pec
tors, but 1s encountered mn advanced long standing hypertension 1nd m
patients whose hearts have been weakened by repeated onslaughts of myocar
Tl mfarction The heart may stop i standstill or ventricular fibrillation This
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latter event 1n a manner of spealang 1 the way n whech the heart signs off
hefore 1t stops Sehmartz® has, honever desenbed patients with myocardal
damage and coronary occlusion \who survns e numeraus attacks day after day

Reflex Coronary Constrichion It s daimed that 1n the dog acute nfarchion
of the myocardium expermentatly produced will gne ne to strmuht winch
cause refles coronan, vasaconstriction and that she pathwas of such & retles s
by afferent sensory fibers from the Beart and by efferent vagal fibers to the
cotonary evstem (LeRoy and Smider'’) \enous mpulses from the primar
tscaemic area of the heart caused by acute coronany occlusion are sad 1o
1aduce a temporary reflex spasm of other coronary artenes resulung 1n seeond
ary 1schemic areas Furthermore the reflex coronary constriction £an Yead to
Fatal ventricufar pbrifation (LeRoy and Smider' ) the reflex s abolished by
anesthesa (Manming ¢t al ™) and xanthine dervvatives and atropine help to
reduce the secondary 1schemc areas (LeRov et al ') The effect of anesthesa
and dn.gs sach as papaserine m this connection hias recently been iy estigated
agam by Opdivhe and Selhurt *

Acoording 1o Greene- * and Gilbert ex 21 * % an acute candine mfarction i
man as we'l as 1n the dog can produce 2 simfar trawm of events Reflex vagal
coronary constriction 1S 40 accompanying danger and the constriction mas

cause ventncular fibnllation and sudden death or the mamiestation onls of
angmal paty

1 Resprra orv Changes

The pulmanary arteral hed after il sympatheuc conatriction may
undergo parasympathenc dilatation Uenerslls speaking the puimanary ap-
paratus ha to overcorie tno strong mituences sympathetic constnction of its
vascalar bed and parasympathetic constriction of the hronchial musculature
A depressor effect alreads altuded 10 35 shsersed tn the vagal sloning of the
cardiac rate This 1 often considered a fasorable sign wn the presence of ses ete
\;l:\;)ca::ul damage The heart is retarded beciuse the pacemaer of the heart
N :\ :(\b ! :n;;i ::;gcqust as n heart block for mstance the junctional tissues
0!(::E 1prea True apnea must be distnguished from soluntary  brakmg

respiration as witnessed n & patient for example who striv es 16 reman

tamobule during the excruciating agony o a teathing 1s hece de
b“d\ g agony of the attack, breath g 1s here ds

allos Osler # has described
hald i i ths connection
acc!le:&agl::xeu :eru‘;‘\‘x“ash long as §mss Ue  Anateack of angina pectons seldom
ishes sentilation Although
the heatt s soveneht 3 gh apnei 1s not unknown when
amag
suffenc, ged 1t > unlilely 1o uncomplicated acule coronary

(b} D

n {m)“ \:Pt{o‘:& Slznnns of breath true dyspnea 15 not foreagn to the picture

o o‘)xm'p;xeed\;: o b)ha CoTonary system incompetent to hring the quanfity
" the heart to enable this organ to deliver adeguate blood
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to the respiratory centers, and the dyspnea can be tggravated by parasym
pathetic constriction of the bronchial musculature, producing asthma Like
pam‘() sms

Noncardiac dyspnea 1s not to be mustalen for the dyspnea just descnbed
The former, an added and troublesome affliction during a cardiac attach has
«a paroxysmal character of 1ts own and 1s trregular in occurrence It 1s associate L
with bronchil edema, emphysema, bronchiectasis or other pulmonary dis
orders or 1s caused by some antecedent cardiovascular disexse not related to
the acute cardine episode Heberden!® claimed there1s ‘no shortness of breath”
m a cardine attach, but he was mistahen Libman © believed that dyspnea
‘covers” pun n hypersensitive subjects with angina pectors 1nd he meant
by this that dvspnes could be a substitute or the equnalent of pain and that
the dyspner submerges or suppresses patn Cheyne Stolees breathing 15 a tell
tale of cerebral respiratory disturbance and an alinming complication but
need not be 1 portent of an immediate fatal outcome The Biot ty pe of breathing
1s seldom seen

(c) Hemoptyses To evaluate the specific influence of the parasympathetic or
sympathetic division 1n relation to pulmonary hemoptyses 1s not simple The
parasympathetic supplies dilate the pulmonary vascular bed and so increase
the pulmonary veservoir, but this does not mean that the parasympathetic
innervations to the lungs are necessanly overactne in connection with he
moptysis Hemorrhage from the lung 1s produced as t rule by thrombi which
lodge 1n the pulmonary crrculation These thromb: are prone to form m the
presence of fresh myocardial infarction especially 1f acute coronary occlusion
has occurred, mvolving the septum or fairly lrge areas of the walls of the
heart Thrombt formed 1n the nght heart are readily ejected into the lungs to
produce pulmonary thromt but thrombr which anse m vancose leg vens
mn the prostatic plexus or at other extracardiac sites can also cause pulmonary
farction and hemopty ses

Pam associated with pulmenary embolus and hemopty ses 15 not nfrequent
The pain may be mtense mnvolving the chest in general or 1t may be restricted
10 the left side or reman midsternal as i precorchal anginal pam  Indeed,
pulmonary embolization with hemoptysis may ape or even masquerade as an
acute myocardial infarction, or both conditions may co exwst Aty pcal forms of
pericarditis may smulate an attack of acute coronary occlusion or even pul
monary embolization, when frank bleeding from the lungs 1s absent The elec
trocardiographic picture usually distinct and almost specitic in acute coronary
aeclusion with infarction of the posterior wall may hate common and confusing
features 1n acute pulmonary embolization and i acute pericarditts

§ Gastro mlestinal ealnres
The parasympathetic supplies to the gastro intestmmal tract increase the
tone of the alimentary musculature Accordingly, autonomic effects would be
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re_sstered as increased penstales with duarrhen or colic {spasm) Censtncison
o

of the epigastric muscles or of the esophageat and pharyngel structures has
been attnbuted 10 Tatssympathete effects a soctated with general autonomic
reacton set off by an anginal seizure
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ihe possitle dertiopment of the weuficiency 1 the <b ence of pre existng, or
amultanevus myury to the heart of coronary vessels Ttas clumed that soun,,
marathon runners taxed to the breaking pomt may develop acute coronany

y asaf of acute carduc & Lut ot 15 stll 2 contro-
ersial matter whether excessive physical or emotional strawn as commuanh
ohserved m routine nang or work 18 a competent producing cavse W young
pevple posses.ng 2 sound unimpired cardiovascular apparatus The electro-
caxdiagaphic records which follow have been selected wath these problems in
mind

8 teute Coronary Insufictency wm Subyects wrth \ormal or Ostensibly \ormal
Cardiorascular \pparatus

The following cases of acute coronary msufficiency oceurred i mdnidunls
1n whom pre eusting cardiovascular diseast was etdhuded Witk reasomabie
certainty

Bleeding from Peplic Ulcer

Ayoungmanof 33 I D developedan acute attach of coronary nsufficiency
followng a joss of blood from a bleeding peptic ulcer the hema,lotan dropped
to 41 per cent

iefn

i 1, 18/41




CHAPTER IIT

Electiocardiographic Findings in Angina
Pectoris, Acute Myocarchal Infarction
and Acute Extracardiac Conditions

E‘(CELLF\T text hooks and reference sources are 1y ulable for those mterested

n electrocardiography or the more lghly specialized aspects of electro-
physwology  The discussion 1 this chapter will therefore be hmuted to the
findings which go with the cardiac and related condttions considered m this
volume

I Acute Cardiac Condraions
A AcUTE CoroNRY INSUFFICIFNCY

The ST (or RST) segment 15 sharply depressed* in one or more standard
Limb leads and 1n precordial leads an abnormal depression m one imb lead 15
often sufficient for the diagnosis The T wax e need undergo no change or it may
be flattened or mverted Q waves are absent T wave changes lone 1e, 1n the
absence of RST changes are sufficient for the diagnosis There are times when
the dinghosis 1s reached only after severtl tracings

Similar changes in RST and T are produced by digitilis The RST depresston
n tcute coronary msufficiency in the absence of myocardial ;mvolvement comes
on 1bruptly with the onset of coronary derangement tnd disappears abrupthy
when the coronary arculation 1s nghted whereas the RST deformed by digt
talis 1s restored more slowly taking davs or weehs after the drug s stopped
The effect of digitalis may be visible after an 1cute episode of coronary msuff
ciency 1s over mdiating that the electrocardiogriphic changes were inde
pendent of the coronary insufficiency Frequently however 1t 1s not possible
to determne whether the electrocardiographic signs are due to digitahs or to
“cute coronary wsufhcency or to ather factors

Excepting cases mduced by acute exsanguination or acute CO paisonmng or
other severe disabling causes from which even normal coronary vessels and
heart muscle would not be expected to escape damage acute coromary nsuffi
ciency 15 rare 1n young healthy mdividuals A practical pont for them concerns

* The amount of ST shift which constitutes abnarmal 1s not agreed upon by all author
1ties According to Ratz 1t conststs of an elevation of more than 2 mm n the hmb leads and
1 CT2 CL4and CESor a depression of 0 5 mm 1 levds Tand IT 10mm 1 lead II or any
degree n CF2and CT# or any amount greater than 05 mm 10 CT's Burch and Wansor! feel
that a shift of 1 mm above or belos the 1soelectnc hine in the standard letds 13 abnormn)

42
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Response to N tcotune

Anormal 24 year old woman D P whohad himited hereelf 10 two cygarettes

2 week because smohing caused palpitations and heartbutn yeernel 2 mg of
nicotine bitartrate wntran enotsty

E3= =
. LS R N
> 2~ A control with the need) 1n the ver

m The heart saty
$ 113G 65 B one mnute after njection she beeame diery andtl::: St:”] i v
and the biyod p essure 130 85 The traang show $achy zru g endug d St rate s 139
naflfead and depre- 10 of the RST  egment 1n Jeags I Nand Y
imjectiun heart rate was 98 and blood pressure 115765 (F rom, \:1

L€ mine minates gty
HeartJ 1037 37 65,
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Acule Hypovia wath Marked Anema

A young male, aged 22, with chronic anemua, chronic persistent hook worm
nfestation, and marked secondary anemm (Hgb 6 Gm per 100 cc bload)

Fi6 1a —Tracing A 1s the control and 1s normal 1ndicating that the anemia had produced
no coronary insufficiency B 1s the tracing after ten minutes exposure to 10 per cent O:
Marked depression of RST in all leads the T wavesnverted m teads T 1T HTand IV Cis
the record after twenty minutes exposure to 10 per cent O; and shows practically the same
findings as B D shows the recovery after breathing 100 per cent oxygen and then room aur
(From Ann Int Med 1947 26 +41)
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Post-operaltze Shock

A59vearoldmale M € dexeloped acute coronary msufficiency with the
onset of post-operatie shock Although he was not known to have pre-existing
cardiovascular disease the possibilits of its presence can not be exciuded

A 920040 B 9/28/00

Fi6 6 ~Tracing B sho

ws
IV The entncular rate ss

depression of RST
m“p on of and myersion of the T wane nleads T 1t an}
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Undne Exertion

A woman of 52, E W, with hypertensive cardiovascular disease (coronary
sclerosis) and diabetes mellitus, developed an acute attack of coronary msuff
cency while undergoing the Master two step evercise test

coritrol mnediate 2-minutes
) , ,

tY g ' ! 1
. 1
-t -

' 3T

Fi16 5 —Immediately after exertion RST became depressed in leads IT and HI T wave
tmver 10n appeared only in leads I and IV
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Post-operaty ¢ Shock
A59searold male M € developed acute coronan insufficiency with the
on ¢t of post-operatine choch Although he was not koo o to have pre-custing
cardiovasculer disease the possibilits of 1ts presence can not be excluded

A orodo B 9z6/0

Fic 6 —Tracun, - H
B shows dey
1 Thesentncula ate o ereaced Of RST and inversion of the Twaven leads I 1fand
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Response lo A 1cotine
G M 1 man 50 years old, 1 moderate smoker, with antecedent coronary
and 1ngmal pam, recened 2 mg of nicotine bitartrate mtrs enously

c D
E man i i i W Y

=~ 1

B
_11; “Ari‘{*ﬁ .
i‘j,. stz epiatin

L ot o P B L _x
Sl =P :5;5 ]
hirn oo Aot
jeassnyuny

el Gam

AR
:

FIc 7—\ Two wecks after cardiac mfarction \icotine study made three months liter
B Control needle m vein Rate 90 blood pressure 140/80 C Two munutes after injection
Rate 120 blood pressure 144/86 T ecord shons acute coronary insufliciency  depression of
RST segment 10 feads I IT and IV and partialsnversion of the T wave in the precorditd lead
D Difteen minutes after injection hate 102 blood pressute 148/92 \o anginal pun fut
complasned of dizziness and tinghing The record shows httle change from C (I'rom \m Heart

1 1947 34 65)
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Undue Emoftons

A 36 year old male R J R, who had expenienced previous anginal mani
tations  associated with hvpertension and coronary sclerosis developed
ate coronars nsufficiency and acute myocarchal damage brought on by
ef over the death of his father He succumbed seven weehslater The autopsy
<ealed severe coronary sclerosis but not comptete occlusion the left ventncle
1s severely infarcted but the perrcardmm and endocardium were Intact

t
2 0ct 1944 | 9 Oct 1944

1 April 1948

1o 8 —The clectrocardiogram of Octabier 2 1944 re eals myocardia) inyohement that

of Oct her 9 1944 vesutution 10 al state of
eucalh 4
of Ot bt e pracbcally normal state the last record \pnl 11 1943

RST uepressions and se
TTad N\ Toe moeeme i nversion of T waves 1n [wads
A2 1o4s i stating element 1 the ateach ccourred seven weeks before he expuresd
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These electrocardiographic records depict a general agreement with the
physiologic pathologic and climeal state 1n etch case but striking exceptions
occur An acute violent attach of coronary nsuffictency in the absence of
cotroboratrve electrocardiographic signs was a striking aspect 1n the following
case

The patient A B aged 48 aftera very heavy large meal hte at mght developed within
2 very short time collapse with intense precordial pain radizting into the arm and shoulder
a fall 1n blood pressure from normal Jey e} 128/88 to S0/30 breathlessness and imperceptible
pulse The concition was diagnosed by trained obsers cts as acute coronary tnsufliciency The
acute episode was over within a few hours the blood pressure hegan to nise and was restored
to normnl within a day The electrocardiogram was negative shortly after the attach four
days later and after ten days

A similar discrepancy was evemplified 1 4 case of rheurnatic hexrt disease

Avoung woman A O incapacitated with rheumatic heart disease since the age of % was
adnutted to Montefiore Hosputal at the age of 32 She had ten to twenty attacks of typical
incapacitating nginal pain every twenty four hours dunng a long perod of observation The
clectrocardiogrim duning and between anginal attacks revealed no acute coronary insuf
ficiency There ws however little doubt that the coronary circuiatton had been re pomsible
for the repcated paroxysms of anginal pain the attachs were completely arrested by amino
phy lhn

B Acurt Myocirprin INFARCTION wiTHOUT ACUTE Cot 0N ARy OCCLUSION

The electrocardiographic signs are sometimes incistinguwishable from those
of acute coronary msufficiency As a rule, however, the findings last Jonger,
the prommence and persistence of the RST depression and T wave inversion
depend upon the extent and duration of the subendocardinl damage Elevation
of the §1 segment 15 rare but occurs if the epicardinl layer of the heart 15
mvolved Eventual recovery from the myocardial damage 1s usually accom
panied by restoration of the electrocardiogram to a normal or almost normal
state Q w1ives are nearly 1ways absent

The electrocardiogram 1 about 5 per cent of cases of acute myocardil
mfarction unattended by coronary occlusion m1y show signs which are char
acteristic of acute myocardial infarction assocrated with acute coronary occly
sion This occurs when the myocardial lesion 1s no longer subendothehal but
nvolves the endothelial as well as the epicardial lay ers of the heart The lesion
thus 1s in effect a massive through and through mfarction and the associated
electrocardiographic signs m1y then pont to predominantly antenor or pos
terior wall imvolvement (Dig 9)

¢ AcuTt MyocirpraL InFarcrion witit AcUrr CoroN iRy (kCLUSION

W hereas n the type of acute myocardial infarction described above the
leston consists of scattered multiple focal necroses which comparatively seldom

penetrate the endothelial liming of the heart, mn acute myocardil infarction
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Scute Myocardial Infartron withont Coronary Occlusion

Acute myocardial infarction induced by severe emotional stress A 16-vear
oldmale M C with hypertension of less than one year s duration (190 1°0)
and polycythemia (Hgb 105 per cent), <uddenly developed after an intense
emotional altercstion severe precordial pawmn, crculatory collapse profuse
sseating and prostration

1w

¥ie 9

~\ote the acute myer 1on of T waves
inleads I I
feft Thus came on with the su ke colapee 814 was gosnlc 7§ aLHnd “6‘(’:-:::}’:!)' ecrdol 3049
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These electrocardiographic records depict a general agreement with the
phystologlc, pathologic and clinical state mn each case but strihing exceptions
occur An acute violent attack of coronary msufficiency mn the absence of
corroborative electrocardiographic signs was a strihing aspect in the following
case

Thepitient A B aged 48 aftera very heavy large meal late 1t mght developed withia
avery short time collapse with mtense precordial pamn radiating into the arm and shoulder
a fall in blood pressure from normal level 128/88 to 80/50 breathlessness and imperceptible
pul e The condition was diagnosed by tramned obseriers as acute coronary nsufficiency The
acute eprsode was over within a few hours the blood pressure began to nise and was restored
to normal within a day The electrocardiogram was negative shortly after the attack four
days later and after ten davs

A similr discrepancy was exemphified 1n a case of rheumatic heart disease

Avoungwoman A O ncapacitated with rheumatic heart discase since the age of 8 was
admtted to Montefiorc Hosputal at the age of 32 She had ten to twenty attachs of typical
incapacitating anginal pain every twenty four hours duning a long penod of obsenvation The
electrocardiogram dunng and between anginal attacks revealed no acute coronary msuf
fiaency There was however httle doubt that the coronary ctreulatron had been respon tble
for the repeated paroxysms of an.inal pain the attacks were completely arrested by ammo
phylhn

B Acutt MyocarpiL INFARCTION WiITHOUT AcuTr COrONARY OCCLUSION

The electrocardiographic signs are sometimes indistingurshable from those
of acute coronary msufficiency As a rule however the findings last longer,
the prommence and persistence of the RST depression and T wate mversion
depend upon the extent and duration of the subendocardial damage Llevation
of the SI' segment 15 rare but occurs if the epicardial lnyer of the heart 1
mvolved Eventual recovery from the myocardial damage 1s ususlly accom
panied by restoration of the electrocardiogrim to a normal or 1Jmost normal
state Q waves are nearly always absent

The electrocardiogram 1n about 5 per cent of cascs of acute myocardial
infarction unattended by coronary occluston may show signs which are char
actenstic of acute myocardial mfarction associated with acute coronary occlu
sion This occurs when the myocardial lesion 1s no longer subendothehal but
mvolies the endothehal as well as the epicardial layers of the heart The lesion
thus 15 mn effect a massive through and through nfarction and the associated
electrocardiographic signs majy then point to predomunantly antertor or pos
terior wail ivolvement (Fig 9)

C AcuTe MyocarbriL INFARCTION wITit ACUTE CORONARY OCCLUSION

\hereas m the type of acute myocardial nfarctron described above the
Jeston consists of scattered multiple foca) necroses which comparatiy ely seJdom
penetrate the endothelial lming of the heart, in acute myocardial infarction



ELECTROCARDIOGRATHIC FINDINGS pA

Antertor 1Y all Infarction arth tcute Coronary I nsufficrency

7] amanof 68 with generalized arteriosclerosss associated with moderate
bypertension of several vears standing developed an acute seizure of mtense
precordial pan raduting into the left arm this was accompamned by general
collapse fever and leuhocy tosts

R b e oS5 BES
Tie 102

Note the elesation of the RST se m
;:ve sh7el i lead Tand IV and inverted in |

entinleads IT MTand IV Tisip
verted an |
ad 11 Deep Q + aves appear in leadts ¥ and
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with coronry occlusion the lesion 1s practically alw1ys homogeneous massive
and ncludes the inner and outer layers of the heart wall The electrocardio-
graphie signs differ as 1 rule with respect to localization of the myocardial
leston 1 the antertor or posterior wall

When the anterior wall of the heart 15 damaged, the RST segment 1n leads
T and IV* 1s elevated and shows a high take off The high take off 1s due to
pericardial involvement (Scherf and Boyd®) The T waves mn leads I and IV
are mverted wnd soon assume a typical cove shape, Q waves are promment
leads T and IV The findings 1n leads I and III ~re often reciprocal The pre
cordin] lerds dernved from the chest wall over the area of infarction disclose
clevated RST segments and imverted T waves The T waves i the precordial
and himb Jeads may gradually become nghted or remain inverted and smaller
1s permanent evidence of mfarction, in some cases the IV lead will show an
mverted or upright T of high voltage long after the acute emsode of infarction
The RST changes in the standrd an precordial leads tend eventually to reach
the 1soelectric line, but some degree of shift of the segment may persist ot esen
remn permanent (Lig 10a)

When the posterior wall of the heart 1s infarcted the RST segment 1s elev ated
1n leads IT and III, the T waves are mverted and become cove shaped and Q
waves apperr 1 leads IT and III Simular changes are nated 1n the precordial
leads dersved from the chest wall over the area of mfarction The RST segment
n all lends tends to reach the 1soclectnc line, but as i the case of antenot
wall ifarction some degree of shuft of the RST stgment, together with some
degree of T version, but with Q waves 1 leads IT and ITI may remain for 3
long, time or even permanently Signs wlich strongly sugpest posterior wall
mnfarction e sometimes encountered wm acute pulmontry embolization of
acute pericarditts (T, 10b)

In both antenor and postersor wall infarction, the electrocardiogram fre
quently shows anaccelerated heart rate, extrasystoles parotysmal tachy cardia
heart block, etc Goldberger* maintains that coronary’ myocardial infarction
may be diagnoscd 1f the umpolar lead aV T shows a Q wave more than 04
second wide 15 1ccompanied by 1n R wave and 1s greater than S to 8 twentieths
of the depth of the R wave The genesis of Q waves 1s not entirely clear but
there 1 reason to believe that the wave, m precordial leads at least 15 the re
sult of involvement by the mfarction of the endocardial ming of the ventricu
Jar wall This formsa window for the escipe of negative electrical discharge
from the ventricle The negative discharge ts inscribed as a Q wave

11 Acute Extracardiac Condions

The electrocardiogram n these condittons 1s normal even when a cardiac
attack 1s simulated A normal electrocardiogram however 15 no absolute
guarantee of & normal cardiovascular apprratus I the dingnosts therefore

* Designated also as IV or CF4
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of an atute cardiac state 1> strongly suspected 1t should not be surrendered
even if the electrocardiogram 1s negatne The electrocardiogram may not
alvavs teveal 4 fresh mtramoral infarction located stricthy anterior  of
mvolving certamn portions of the postenot heart wall but it can be depended
upon In the greatest number of cases to shew sipns of previous cardovascular
damzee ot of an acute myocardial mfarction with or without coronary occluaion

To di tinguch an acute cardiac eprode from extracardiac conditions which
amulate w man be very dufficult This difficulty anses because as alreaids
stated a generahized autonomc teaction and the manifestation of angwnal pain
are common to all Whe conthuions (pp 2 19)

With respect to angmal pain the electrocardiogram registers electrical
changes of cardiac conditions whch are associated with pam Tor mstance
it will disclose vamations m myocardial action currents caused by the patho-
fopic events which accompamy acute coranary msufficiency or acute coronary
occluston These events are assounted with pamn mduced by anozemua and
1schermia of the heart muscle but the electrocardiogram bears no direct esidence
of pamm Tam that anses m the heart coronan \essels or aoria 1s Wansmitted
by afferent 11 ceral tibers to the left side of the cord at levels Th 1~ and
theace b the left 1-4 thoracic mtercostal nerves mto corresponding derma
tomes ot the puw uay travel by accessary visceral pathwans to other zones
n the cord reaching into related evtracardiac dermatomic tetTitores

Pamn dered 1n an ext drac focus

takes \he same route as
cardiac pain the gmpul es of extracardiac pain passing chiefly throuzh 1he

casdiac  cord fevels (Th 1 to 4) on the left side and then into the cardiac
dermatoruc area (p 71} Thss 1s a sumulation of angmal pam s1ce nat only
15 the pain of noncardiovascular ongin but it 15 tran<mutted by pathnavs which
bave no connection wuh the coronary iessels heart or aoria The electro-
cardiogram 1s normal

et us assurie howerer that the dagnosss of an acute extracardiae state 1y
established the accompanving pam acts lke anginal pam and the electro-
cardio ram 1s not normal Are we then dealing with (1) changes 1n the coronal
carcutation induced by the extracardiac disorder (2) with ;:e eusting m\?»
sastular disease or (3) with a concurrent acute cardiac epssode &

tthert and s 2 sooatest have clawned that aferent impulses from i
abdommal argans (zall bladder stomach) can cause vagal coronary consts o
and thus mitiate anginal pain But although they noted 2 mducu?n mnlhn(cllmn
coronary fiow when the gall bladder was arbificrally distended and mad, y ogs‘
1t1s not clear that a wmilar mechansm operates i man when by ;pmnfu\
coronar vessels are normal Moreover 1t 15 not established wh hls -
sangmal 1e produced by change m the coronary crcula e s pain
or whether 1t stmulates anginal Pam W reach l’)” tdhen Sereart muscle
pathways having no connection with the ccmnm e gy crmatomes by
A negatine decstocarbiogeam i a yodng healta}? ‘:ﬁh 28 heart
_ anacute pall bladder attack a perforageq e e ot o 15 strcken by
gastruc yleet or 3 samiay catastrophe
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1cnile Postersor Wall Infarction with lewde Coronary Occlusion

L M, a &8 year old male i good health for many years, was suddenl
seized with agomzing epigastric and precordial pun This was follow ed almost
at once by shock and cy1nosis Bloody, frothy sputum, pomting to pulmonary
ifirction, appeared on the fourth day and mild jaundice on the hith day
‘The jaundice deepened and the gall bladder became tender and enlarged 'ever
and Jeuhocy tosis persisted for ten days Autopsy disclosed a recently inflamed
but healing gall bladder, extensie recent mvohement of the posterior wall
of the heart, and acute ceronary thrombosis
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16 10b—The RST segment 15 elevated i leads I ITand IIT and depres od n lead IV
The T waye 1n L and III 1s reduced 10 voltage and a Q wave appears in lead 1T and TIT The
elevated T ST egments are suggestive of pencardial iy olvement
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of an acute cardiac state 1 strongly suspected 1t <hould not be surrendere |
even if the electrocardiogram 1s negatne The electrocardio,ram mav not
always reveal a fresh itramural nfarction located  stncthy antenot ot
molving certan portions of the postenor heart wall but it can be depended
upen 1n the greatest number of cases to shaw signs of previous cardiovascular
damage or of an acute my ocardial infarction s 1th or without coronary occlusion

To distinguish an acute cardiac epiode from extracardiac conditions which
smulate 1t may be very difficult This difficulty anses because as afreards
suated 3 genesalized autonomuce reaction and the mamfestation of anginal pan
are common 1o all the conditions (pp 2 19)

With respect to angnal pam the electrocardingram e sters electneal
changes of carduac conditions which are assocated with fam Tor instance
il dusclose vanatons 1o my ocatdial action currents caused by the patho-
tomic events which accompany acute coronary nsufficiencs or acute coronary
otclusion These events are assottated with pam induced by anovemm and
mhemsa of the heart muscle but the electrocardiograrm bears no dwect evidence
ofpam Fam that anses  the heart coronan ves els of aorta 1s transrutted
By sfferent \isceral fibers to the left side of the cord at levels Th 14 and
thence by the left 14 thoracic 1 nerves 1o ¢ pording derma
toraes of the pan may travel by accessory visceral pathuans to other zones
w the cord reactung nto related extracardiae dermatermc ternitaries
uf;;"‘c o th d ar; duac focus takes the <ame route as

mdml e ); :ﬂp?r ;‘s‘of extracardiac pam passing chidtly through the
demmatome ava ¢ >271) T;o 4) on the keft side and hen mio the ardine
e ; P 15 15 2 senutation of angnal pawn sinee not enly

ba 7 of noncardiovascufar ongin but 1t 1s transmutted by pathways which

have no connect;
10 with the coronary vessels heart or torta
cardigram s Bormal The dletro

Eg‘:l:)s‘ ;55\;\;1: bonever that the duagnosts of an acute extracardiac state 15
e ‘smla(cqmp‘nn)mg pamn acts bke angmal pam and the electro-
urcu\:uo ; normal Are we then dealing with (1) changes 1 the coronars

n nduced by the extravardiar disorder (2) with pre eusting cardio-

‘aﬂ:( :hsere or (3) sith a concurrent acute cavdiae epsade

et

abd(\m\na\a:x Jus associatest have clumed that afferent mpulses from upper
— mmir::s {gall Madder stomack) can cause s agal coronaty constriction
o “h::g\\::\ p‘;;m But although they noted a reduction n the dogs
e gall bladder wasartificially distended and made pamful

derr that a s mak
'ar mecham
Cutonar, 165 s e e & 1S eperates in man Shen s heart and

St e Y cmcy:«:m ¢ 1t 13 not established whether this pamn
ot whethey ¢ e nge m the coromany carculation or heart muscle
g s anginal prn by reaching  cardiac’
v de,,“x:o connection with the coronary \essels a
s ddmrdsogxam ™ 2 30ung healthy subject s
adder attack a perforated gastnc uieer of a sy

dermatomes by
nd heart

ho 1s stricken by
milar catastrophe
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lends support to the premuse that, despite the development of smistral pan
which simulates anginal pun, the coronary circulation and heart were not n
volved and the sensory impulses of pan passed through the nenraxts without
touching the cardiovascular apparatus Tlectrocardiograpic si,ns of acute
coronary msufficiency, on the other hand, would be open to the mterpretation
that the coronary arculation had been affected s in the case of the dog with
1 normal coronary circuit tnd 1 distended painful gall bladder

Except m the cases of acute coronary msufficiency induced by severe general
1zed causes such 1s great loss of blood or acute CO poisoning, abnormal electro-
cardiographic findings n young healthy subjects afflicted by 1 acute extra
cardiic state are rare

Acute pulmonary embohization can, however, produce acute coronary m
sufficiency with corresponding electrocirdiographic signs m mdis iduals who
possess normal heart muscle ind coronary vessels This 15 illustrated by the
case descnibed 1n 1agure 3

Some observers' 1 have esplamed the coronary disturbance followmg pul
monary embolization as a pulmono coronary reflen Scherf and Schonbrunaer
10 1 published records which appear to confirm this, Echardt,? however, was
unable to substantiate the existence of such a reflex, and more recently, Tann®
has been unwilling to accept it Be this as it may 1t may be iquired what
mechamsm and pathways plty a part m producin, anginal pun i acute ex
plosive conditions of an rbdominal organ, for wstance Are there afferent vagal
pathways which lead from an inflamed gall bladder or pancrers or from a
perforated hollow viscus to the neuraus and then to the coronary vessehs?
Do afferent vagal nerves from these and other organs go to the sympathetic
ganglionated chan (to the superior cervical ganglion [Coffey and Brown ]) where
they may be relaved to efferent coronary constnctors? Are anon refleses
mvolved? These questions cinnot be insw ered 1t present smce 1t 15 not univer
sally accepted that afferent v agal iibers carry pun from the heart and coronary
vessels, ind that the [1tter are constricted by vagl nerves

Older subjects are generally suspect of having some de,ree of cardioy asculir
impurment 1nd this 1s usutlly confirmed by electrocardiographie nndmgs But
suspect or not an acute extracardinc event will produce in the electrocardio-
gram no disturbance at 21l or no change beyond that associted w 1th old cardto-
vascular events, or 1t will produce changes of acute coronary msufhciency oF
of 1 fortuttous concurrent tcute coronary occlustion The cise record of L M
(p 22) 1s that of a man who suffered concurrently from 1cute corenary occlu
sion with myocardinl mfarction and an attack of 1cute cholecystitis

Severe and recurrent angmal pun may be accompamed by no electrocardio-
graphic alterations This 1s illustrated by the two cases described on p 52
Or the electrocirdiographic changes of angina pectoris with angmal pam may
appear only when the impulses of angmal pam are summated by 1mpulses of
pamn derned from some extricardiac focus This 1s seen more especrully in
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patients with coronary sclerosis and old healed heart damage Whereas pwsrl
1o the extracardiac epwode the cardioy ascular apparatus may hase pmfiucrt;
only a small quantity of <ensory npulses which were subchimical 1€ nsuffi
Cent 1o imtiate anginal pain after the extracardiac episodle sensory impulses
from the active nencardiac lesion jown with the other group of impulses to pro-
duce angmal pain as an ovett manyestation 1 subacromial bursitis 3 smoulder
1 gall bladder and other extracardig foct can act this way

The same phenomenon 15 ndivectly dlustrated ba the smprovement or
disappearance of anginal pam i heart disease whena troublesome extracardtac
tesion eg a dicea ed gall bladder 1s remored Amelioration of anginal pain
folionmg loeal anesthetization of a local patch of shin on the le{t arm (Wewss
and Davis™) 15 another example of the same principle

The electrocardiogram mas show nochange at all with the onset deselopment
of disappeatance of angmal pamn under the arcumstances descnbed alove
unfess produced by the coronar arculation
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SECTION TWO

Physiological Aspects

CHAPTER IV
General Autonomic Regulations

General Considerations

LL 1RQiES of medicne and mote especially nternal medicine and
A neurology share a common termitory which may be regarded a5 a repost
tory af the aytonomic regulyuions of the body The study of thi common
ground 15 m effect the study of the autonomic neryous system The many
patterns of chmcal dises<e are partially or wholly expressions of autonomic
actnty and this actnity may or may nathe assoniated with somatic alterations
These considerations wall be better appreciated with an understanding of the
general physiology of the autonomic nervous system

To a very apprecable deoree the autonome and =omatic nervous systems
are mterdependent although the autonomic system enjoys a considerable
autonomy of its own Howerer this autonomy operating 1n a coordinated
manner to matntain the intrabodily environment at an optimal functional
level (Bernard ™ ' mulien nterieny Cannon ¥ *homeostass Jeluffe™ homeo-
Lmesis) 15 not enturely complete By devices of itsown the autonomic nersovs
535 em i general subsen tent to the cerebrospinal system exercises important
tegulations over intrabodily processes \ature has seen to 1t that these regula
tiors are not easilv put out of commission \an can partly influence these
reeplations but short of self-destruction he cannot deflect or stop their nherent

autonomiaty

Cxamples of independent refies action and of the autonomic actnities
affected by psychic mfluences or by volitional factors are gnen below

A Poyemc INFLTENCES anD AuTovosmic Resctions

Autonomic acts may be modified by will power to a certain extent but n
the main the autonomic actisities remam outside volitional influences On the
other hand the \egetatne functions are quite resddls affected by emotionai
States For the pevchologst and the practiong physician the problem 15 still
unsettled whether emotions are the consequence of somatic (ncludin, null
Romit and endocrine) reactions of whether these reactions are mxm%ed }?
emotional or psychic actinibres This 1 2 dispute bevond our tmmed: ’
terest Yowever an allusion tp the varmtions 1 the behavior of -
etample of the beart stomach and d with aby Orgartsp{': !
Talpation {os, o’

of emotions 15 within the province of our discussion

41
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appetite, hyperchlorhydna and diarrhea are observed with many emottonal
derangements especially apprehension, fear, or excitement, other nstances are
blushing (as i shame), clammy, cold perspiration (as 1n sudden embarrass
ment), disturbances i sleep or m staying awake (in mental distress), the
onset of jaundice (from mntense anger or fright), and even maginary pregnancy
(Hoff™) (Tor a fuller discussion of this subject consult Witthoner, Mc
Gregor®” Dunbar'® Spegel,! ¢ hennard™ and huntz %)

Cortical, 1€, psychic processes, can ntensify and aggravate the clincal
manifestations of disease Angina pectonis ulcers of the gastro ntestinal tract,
disease of the lner and bile ducts belong 1n this category, also autonomic
manifestations associated with localized damage of a related area 1n the corter,
te, hemiplegia, jachsontan epilepsy, Quinche’s edema, Raynaud like vascular
penpheral changes, and scleroderma The cortex exercises an influence upon
cardiovascular and metabolic activaties, on temperature, and on gastro intes-
tinal and other regulations The association of psy chic states with the sudden
onset of Graves’ disease, glycosurna, diabetes mellitus, and diabetes msipidus
1s recognized

B InTrRINSIC REFLEX CENTERS

In contrast to the somatic mnervations the autonomc system, 1t has been
asserted, lacks peripheral centers in which reflexes take place but this 1s not
altogether a valid premuse The cells of the enteric system, for example, may
be regarded as reflex centers, they mediate coordinated reactions of the ntes
tines 1ndependently of the central nervous system Other organs possess in
trinsic reflex centers

C AxoN REFLEXES

Another type of reaction the so called axon reflex known as the Sohownin
reflex 1s often cited as an illustration of an autonomuc reflex although strictly
speaking this 15 a pseudo not a genune reflex The reflex 15 really an extraspinal

shortcut > mediated between two structures or organs the efferent nesron
to each structure comng off a common trunk Bruce ® postulated the evistence
of such a reflex mn connection with cutaneous blood vessels and in connection
with inflammatory conditions The ‘ reflex was at least suspected by Claude
Bernard ¥ Sokownin!  described the reflex Langley and Anderson™ analyzed
1ts mechanism, Speranshaja Stepanowal! * !5 observed reactions tnalogous to
the avon reflex 1 the frog and Wernge™ 1n fishes Hryntschik tnd Spiegel”
found that the reflex could be transmutted by the pelvic nerve while Bres
laver ? drew attention to this reflex 1n man as a localized reaction in the shin

The bearing of axon reflexes upon many clinical manifestrtions deserves
further study Asiswell known Lewis® and others invoke this reflex to explamn
the local response of the shin artenoles and capillaries to histamine But this
type of reflex may underlie other autonomic mamifestations or nstance the
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radution and reference of ridiaddes pasm wto the stomach or vice versa 18
perhaps medinted by nenous palnnays oot dn ot extend beyond an intrd
abdominal autonomst ganghon (g W\ A amilar mechamssm may hold for
\asomotor and secretory 3TUMLES ity the abdemes or other terntones of
the bods

Mantfestanions Projected by the Autonomic Nenous System

Vore significant than the problesatic existence of an mtnnsic refiex ate the
mass action (p ¢3) and the grnersal nay m which the autopome system
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A SYMPATHETIC IN\ERVATIONS AND THEIR MAMIFESTATIONS

The svmpathetic afferent (sensory ) fibers are concerned primarily with the
transmussion of impulses of pamn into the neuravis The efferent fibers emerge
from the neuravis and transmut efferent impulses into the v1scera and penpheral
structures

1 Peripheral To Blood Vessels, Sueat Glands, Erector Pily Muscles, and Struc
tures of the Head

Generally speaking, the perspheral mamifestations consist of reactions on
the part of the blood vessels, sweat glands, and erector ptl muscles As a result
of constant discharge of constrictor mpulses to the muscular walls of the
artenoles, the peripheral vascular beds are kept 1n 2 sustatned state of contrac
tion 1e, tonicty

W hereas the blood vessels of nearly 1l the mternal organs possess sympa
thetic and parasympathetic nerves the peripheral blood tessels appear to re
cenve their nnervation from the sympathetic division alone (Fig 13) Parasym
pathetsc nerves have not been defimiels established {hure 3¢ opposite
contention m connection with sheletal blood vessels) At any rate, stimulation
of the sympathetic fibers to vessels of the extremuties ciuses constriction of
artenioles (Bernard! ), and capillaries (Do1*t) Vamation in the lumen of the
vessels 15 supposed to be accomplished by an increase or dimmution of ssm
pathetic influences

Similarly the sueat glands also under sympathetic control apparently
possess no pirasympathetic nerves The sympathetic nerve endings to sweat
glands behave like parsy mpathetic (cholmergic) nerve endings these endings
and the sweat glinds will not respond to adrenalin This would seem to Mus
tratc an exception to the rule that adrenalin alway s cruses @ sympathommetic
action Ercctor pil muscles too, are under motor sy mpathetic control and seem
to have no parasympathetic nenes

The cephalie region 15 supposed to be without sympathetic afferent fibers
at least none have been conclusively demonstrated In the absence of symp?
thetic afferent communications pain 1n this territory has been evplamned on
the basts that afferent impulses which may reach the superior cervical sympa
thetic ganghon stimulate intraganghonic cells from these efferent neurons
£o to the head region causing constriction of blood v essels and other symp1
thetic mamifestations According to I 1vingston # constriction of the cerebral
vessels the middle meningeal artery will cause pun  this presupposes the
existence of an mtracranial afferent nerve supply  Whether or not any of these
explanations hold water there 1s o doubt of the ground upon which physiole
@sts stind with respect to the function of the eficrent sympathetic neurons
1n the head regon The 1r1s of the eye Muller s muscle the upper eyehd and
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blood vessels sweat glands etc in the shin of the head are controlled by
suppl es

s‘?r:::hs:mnghmc smnenation of Muller s muscle and of the rclmh{xlb:&;
fat pad 15 attached 2 special interest 1 connection with experimental an

chioical exophthalmos Whether the sy mpathetic nenves actunlly pthicpate
1n the production of exophthalmos i not clear bearing on this quen are the
stuchies of Miller and Taub® who by the mtrax cnous injection of oxvquinoline,
were able to induce acute and pronounced bilateral exophthalmos rabbits
2 result which failed to appear when the animal was under anesthesia Lutipa
tion of the cenacal svmpathetse ganghion did nat pres ent the onset of exophthal
mos (See Marne®™ % and Marine and Ro en® for studies on chronic esoph
thalmos induced expermmentally )

The persistence and exen the aggravation of exophthalmos after thy roxlec
tor has also been noted m patients who remamed greatly improved and
apparently free of unusual tons This type of
evophthalmos has been explamed on the basis of an excessive sympathetic
& charge through sympathelic nerves which supply the structures of the eye
Howener this cancept 15 nat altagether satisfactory

Tre ahsence of exophthaimos 1n quite a number of mstances of frank and
advanced thy rotowicosts 1s no less difficult to understand While the cause
of exophthaimos 1s stify an emgma we should Wike to suggest that the occurtence
of exophthalmes wn man mav be contingent upan the eustence of an adequate
quantity of Muller s fat betund the orbit This fat in man 15 a cestigal <tructyre
and vanes sn amount from individual to individual When 3t 1s scant to begin
sith even were 1 1o Wy pertrophy  as s oftenthe case during the state of thyro-
tovicosss 1t miht not be able to hold the eycball forsard

? Susceral To Broncnal Musculature Pulmonary 3 essels Bronchral irlerses
Coronary Vexsets Heart  Abdomal and Petric § 1scera

The bronchral musculature 1s supphied by dilator fibers

The pulmonary essels 1t 15 safe 1o 53y recene sympathetic nerves The
menes 1o the lung vessels have long been < troublesome and confusing subject
of study especually for the chnscian Exen at the nish therefore of extending
this discussion bevond our oniginal mtention the pulmonary nnenvation wil
Ve teviened at snme length (For parasympathetic supplics see p 69)

In earhier wm estigations the ewistence of pulmonary \asomotor nerves was
;xt}:ler denied 0\; their funcuion looked upan as shight or meonsequential Brad
‘;l! ;::pl::;; - obtained a nse 1 pulmonary blood pressute by stunulating

ends of thoracic nerves 3 4 5 and probab)
Wood 1 renarted sumilar vesults Yran, ; e T

Plumies™1% yported that stunulation o

co1s-Tranck® also confirmedd ths
dogs fed 10 an increase pulmonary bl

f vasamotor nenves to the tungs of
00d pressure but Brodie and Dixon 2
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A SYMPATHFTIC INNERVATIONS AND THLIR M ANIFESTATIONS

The sympathetic afferent (sensory) fibers are concerned primarily with the
transmission of impulses of pain mnto the neuraxis The efferent fibers emerge
from the neuraxis and transmt efferent impulses into the viscera and penpheral
structures

1 Peripheral To Blood 1 essels, Sueat Glands, Erecior Pv Muscles, and Stric
tures of the Head

Generally speaking, the peripheral mamifestations consist of reactions on
the part of the blood vessels, sweat glands, and erector pilt muscles Asa result
of constant discharge of constrictor impulses to the muscular walls of the
arteroles, the peripheral vascular beds are hept 1n a sustatned state of contrac
tion, 1€, tonicity

Wherets the blood vessels of nearly all the internal organs possess sympa
thetic and parasympathetic nerves, the peripheral blood tessels appear to e
cerve their innervation from the sympathetic division alone (Fig 13) Parasym
pathetic merves have not been defimtely established (Kure-# opposite
contention n connection with skeletal blood vessels) At any rate stimulation
of the sympathetic fibers te vessels of the extremities causes constction of
arterioles (Bernard! ), and capillaries (Dor**) Vartation in the lumen of the
vessels 1s supposed to be accomplished by an increase or dimmutron of sym
pthetic influences

Sumilarly  the sueat glands also under sympathetic control apparently
possess no parasympathetic nerves The sympathetic nerve endings to sweat
glands behave like parasy mpathetic (cholinergic) nerve endings these endings
and the sweat glands will not respond to adrenalin This would seem to 1llus
trate an exception to the rule that adrenalin tlways causes 1 sy mpathomimetic
action Lrector pili muscles too are under motor sy mpathetic control and seem
to have no parasympathetic nerves

The cephalic regron 15 supposed to be without sympathetic afferent fibers
at least none have been conclusively demonstrated In the absence of sympa
thetic 2fferent communications pain 1 this terntory has been explamned on
the basts that afferent impulses which may reach the supertor cervical sy mpa
thetic ganghon stimulate intraganghonic cells from these efferent neurons
go to the head region, causing constriction of blood vessels and other sympa
thetic manifestations According to I 1vingston ¥ constrictron aof the cerebral
vessels, the middle meningeal artery will cause pain, this presupposes the
existence of an intracranial afferent nerve supply W hether or not ny of these
explanations hold water there 1s no doubt of the ground upon »hich physiolo
gists stand with respect to the function of the efferent sympathetic neurons
in the head regon The s of the eye Muller s muscle the upper eyeld and
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In a more Tecent study employing an mnenvated Starling heart ung prepara
non with separate perfusion of the heatt Goltnytzer Merer and Rruger® found
shat symulation of the sympathetics caused an wnerea.e m putmanars bood
pressure due to vasoconstriction whereas lation of the vagus produced
a dectease 1 pulmonary blood pressure due 1o vasodibatation

Although adrenalin hecsme establshed as a useful chemical toot for the
detectiom of the pulmonary vasomotot mmervation the experumental results
werenotthe ameinalthands Velich'™ ™ and Gerhardt* obtained no pulmon
ary vasoconstriction Brode and Dixon ! published stlar resalts  they
obsenved hght evenwithlarged f adrenalin Heger and Phdpp-
son @ Hevmans and \ ercoulhe®™ in the rablat and Tribe ™ ™ reported dilata
ton which follgwed constriction Vofler % Baehr anu Tich! and Hirakaua't
contended that vasoconstriction of the pulmonary vessels 1s absent after the
mtroduction of adrenalin Other authorities like Cybulshi® and Petitjean'™
cimmed that with adrenalin pul y essels underwent a passive di
whereas Rraskow ? and Webert? held that the pulmonary vessels exhibited
a threct actine dilatation from adrenalin

The dn ergence in these vesuits was lawd 1o differences whuth charactenze the
reactions of vanous ammals and to differences n the character of the perfusinn
fuds The pH concentration and the quantity of calcsum as well as the tem
perature of the flwds proved to be woportant factors and the quantwy of
adrenahin emploved no less important Vanations in the amount of adrenalin
was held 10 be the el cause of the inconstant results {Tribe ™ Romm™ and
De Burgh Daly®)

A matter of some wnterest i the hight of studies on experimental pulmonary
embolzation (Gtruefi' T Villaret et al W1 8 Seherf ang Schonbrunner
B, s s e et e el oo
arculations in man 15 that in practicall :‘:\l :l‘\“ oo pulmonan aad coronary
morary irtersal pressure hittle auenlmn) » g omentat studics on pul

was pard to the coronan dilatation
which accompanied the u € of adrenalin nor was the coronan, difatar
cated with change 1 pulmonary tension con vleged o beof any umy n;n xﬂ "
on wnvesugators working with adrenake 3 perfusion e port iater
this oversight xpenments remedied

The broncinal ortertes st 15 held aye
mers 25 and are alleged 1o be sypplied b; 5):;';"?‘;i:g‘:ioél;umuc sympathetic
stated that 1 man sympathetic o3 whick accomy itators Hoy dacquen
usually anse from the ganglia of Th 3 and 3 Ptﬂu‘;m) the bronchial artenes
bronchial arteries with adrenalin W cause an 1o 05 the lungs throuph the

pressute \asomotor sympathetie constrictor . Tease 1 bronchial artery]
described and discus ed by De Burgh paly « SETVES 1o these cessers fiave been
and Ryasansiyy " * De Burgh Dafy and s on F uler ¢

The coronary arterses are sy,
pplied by sympathety
c nenes which are mast
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as well as Lrikson & W eber'“o and Lohr® denied this In Tribes experience, ™
however, stimulation of the stellate ganglion induced constriction followed by
dilatation, LeBlanc and van Wyngaarden® were able to cause consttiction of
pulmonary vessels by stimulating the stellate ganglion 1n the cat, and vasodila
tation by stimulating the \agus nerve Confirmatory proof of the existence of
pulmonary vasomotor neryes was brought forward by DeBurgh Daly and von
Euler # Therr results were not umform but they demonstrated, nes ertheless
that exciatton of the thoracic vagosympathetic nerves i the dog produced
vigorous constriction or weah dilatation, dilatation they attnibuted to a
cholinergic effect Others who turned to this problem were Divon and
Hoyle,+7 Berry Brausford ind DeBurgh Daly?! and especiails De Burgh
Daly and von Euler These last working with dogs and acting on the sugges
tion made by Berrv et al, imgeniously mamtamed the blood supph to the
nenve heads of the pul o nerves by 1 Iy perfusing
the bronchnl as well as the pulmonary arteries This procedure hept alive
the vasomotor nerves enabling them to function

The evidence from all this research was defimtely i 1ccord with the belief
of a nervous control of the lung vessels \ asoconstriction for mammnls at least
1t seemed reasonably certam, w1s a sympathetic reaction and at 1lso became
apparent that the pulmonary vessels were in a tomc state of constriction

The proof of vasoconstrictor actiy & of nerves to the pulmonary vessels
secured 1 broader and better foundation when adrenilin was added to the
experimental procedure of investigations Over fifty vears ago this substance
then designed as adrenal extract was hnown to produce an increase in pul
monary pressure  Cybulshi* ¥ and Szyvmenowicz' * believed that extracts
of the adrenal gland caused a generalized vasoconstriction as a result of a
central action Later Pilcher and Sollmann,'™ as well as Kolm and Pick?
showed this concept to be erroneous but the Polish imestigators evidenthy
understood that adrenal extract could produce pulmonary ‘asoconstriction
After them Plumier® Meyer *® Langendorff 3 Wiggers " Barbour * Petit
jean 1 Trbe!® and Romm!™ recorded the constriction of lung vessels by
adrenalin Campbell & observed constriction in dogs and rabbits Tuhner and
Starling® constriction 1n the dog, Schafer and Lim % Lohr * and Schlesinger™®
constriction 1n the cat which was occasionally followed by dilatation Pick™™
and Petitjean claimed that the intravenous injection of mitrites produced
pulmonary vasoconstriction but this nas dented by Plumier 193 19

Golluitzer Meier Kramer and Kruger” published studies on denervated
heart lung preparations, demonstrating that the increase in pulmonary pressure
follow ing adrenalin was in part due toincrease in cardiac minute v olume output
the prolonged nise n pulmonary pressure was due to vasoconstriction of the
pulmonary \essels Most of the investigators worked with Starling heart

d which permts rather trustworthy analysis of the factors
the element of \enous return 1s excluded

preparations a methox
underly ing pulmonary pressure since
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1 ore recent study employing an mnervated Starling heart lung le:‘[‘-‘“l
wn with separate perfusion of the heart Coflwatzer Meter and Rruger i'uumi
hat shmulation of the svmpathetics caused an ncrease n puimonan Hlowd
pressure due to vasoconstrction whereas stimutation of the vagus prodduced
1 decrease m pulmonary blood pressure due to vasodifatation

Aithough adrenatn became establehed as a useful chemucal tool for the
detection of the pulmonary \asomotor mnenation the expertmental results
werenot the amein alt hands \elich™ B¢and Gerhardt® obtained no pulmon
any va.oconstriction Brodre and Dixon ¢ published smilar results, they
ob enved hghtdil evenwath large doses of adrenalm Heger and Phalipp-
<on ® Heymans and \ ercoullie®® in the rabbit and Tribe ™ % reporied dhlata
Lon whch followed constriction Moller 19 Bachr ann I ich! and Hihawatt

ded that rction of the pul + wessebs 15 absent after the

wtroduction of adrenslin Other authonties ke Cvbulshi® apd Petitjean'®
claimed that nith adrenahin pulmonary vessels underw ent a passn e dilatation
whereas hrawhon  and W eber!® held that the pulmonary svessels exhibited
a direct actnve dilatation from adrenalin

The dn ergence i these results nas kad ta differences which characteri.e the
reactions of vanous animals and to difierences i the characser of the perfusion
fluds The pH concentration and the quantity of calowm as well as the tem
perature of the fluds proved to be nportant factors and the quantity of
adrenahin employed no less important \ariations 1n the amount of adrenakin
was held to be the chief cause of the inconstant results (Tribe ™ Romm™ and
De Burgh Daly™)

A matter of some interest wn the hght of studies on expenmentat pulmonan

embolization (Strueff ' 7 \Wlaret et al W7 933 Scherf and Schonbrunner &7 1t
and Echardt® who was unable to sub

the exnst, fa

nary reflex) and on the chnical relationship bets een palmonary .and coronary
¢urcufations 1 man 15 that i practically all the expenimental studses on pul
monary arterial pressure Lttle attention was paxd to the coronary dlatation
which accompamed the use of adrenahin nor was the corohary dilatation asso-
ciated with change 1n pulmaonary tension considered 10 be of

on 1y working with adreny)

@ any import Later
n ustan 3
this oversight pe

The bronchial arteries 1t 1s held a,
te constricted by
nenesandare alleged 1ot 3 :h‘o""“c ';Y"“I"“lhttl,cl
s ated that i man sympathetic s which accompan the bros el atrom

nchial att
gha of Th 3 and 4 Perfusing the un, srienes

and Ryzsamghy @ » DeBurghDaty ¢ < De Burgh Day

Th
¢ coronary arieries ase supphed by sympathetic Terves which are most
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probably dilator in nature (Fig 13) The eustence of a coronary dilator tner
vation, in contrast to a sympathetic constrictor supply to peripheral vessels,
15 upheld by physiologists like Anrep and Segall, Hochrem and Reller,”? Lang
endorff,’* Rem,™ and Wiggers 4 In general, they emphasize the sigmificance
of the vagal constrictors, whereas hatz and Jochim™s hold an opposite view
Greene,*~ Gollwitzer Meter and hruger,’ and Hinrichsen and Ivvs? especally,
stress the predommant tonic action of sympathetic dilators on coronary ar
teries A number of authonities, however, claim that the coronares are con
stricted by sympathetic nerves, and these nerves, 1t 1s alleged travel m the
superior sympathetic cardiac nerves On the basis of this assumption section
of these nerves has been carried out to nterrupt and prevent constriction of
the coronary vessels (Coffey Brown and Humber,® and herr ¢ But con
troversial and conflicting results (Richardson and White,! White!) have
made 1t difficult to accept a sympathetic vasoconstrictor nnervation to the
coronary vessels, at least without strong reservations

The keart 1s supplied by cardio accelerator sympathetic fibers (Ing 18)
Thoracic 1n location, these emerge from the upper thoracic spmal cord seg
ments In addition to these cardio accelerator fibers of thoracic ongm, Beattie
Brow and Long’™® described a group of efferent sympathetic newrons which
leave the posterior hy pothalamic area and descend intraspinally to the upper
thoracic segments of the cord where the neurons relay to the stellate ganghon
and then to the cardiac plexus This newly discovered group of hvpothalamo
spinal fibers 1s an upper neuron pathway for cardiac regulation, with 4 direct
mfluence on cardiac rhythm (Tig 24)

The abdominal viscera are mnervated by a major portion of the sympath tics
(Tig 3) This large abdomnal sympathetic diviston sends  (a) inhibitory fibers
to the smooth muscles of the alimentary tract, (b) secretory fibers to the
adrenals (c) constrictor and vasodilator fibers to the vast splanchnic vascular
beds (see Tomb™ for sympathetic vasoconstrictor effects on the splanchmcs)
(d) fibers to the adrenals hidneys spleen liver and pancreas In the case of
the hidneys for example an autonomuc supply to the vascular components 1
generally accepted but an autonomic innervation to the tubular apparatus 1s
not established (Smith™)

Sympathetic vasoconstrictor fibers supply the blood vessels of the pelric
uscera for example causing rapid emptying of blood of the external genttaha
Interesting 15 the reported absence of autonomic nerves to the placental blood
vessels and their ability to become relaxed (dilated) in the presence of low [¢]
or ugh CO tension 1n the blood (Schrmtt! ¢ 1)

3 General Effects*
There are also central (utonomic mamfestations These appear as changes
1n metabolism, temperature water regulation and the sleep-waking mecha
ded at ths potnt Pose
*\ brief remark on the central influence on leukocytosis 1s appen
now? has reported leuhocy tosis following expenmental mnjury to the diencephalon The n



0
GENERAL AUTONOMIC REGLLATIONS o

msm m emotionality ete and in assocuated endocrine aetivities \(orp:w‘ng:c
changes 1n the blood elements {an increase w the total nutt:;:cr of leubocrtes
and :I smmature neutrophilic forms) have atzo been describe

B PARASYMPATHITIC INNERVATIONS AND THEIR MANIFESTATIONS

In general these seem to be antipodal or antagomstic to the sympathetic
mandestations (p 64) The parasympathetic manife tations are also p 0
pheral (regional) and general The penipheral effects are di cussed below

t Regional and { ssceral Samfestations

The heod has constrictor fibers which g0 to the aihary body of the eye the
puptiary sphincter and secretory fibers supph the submavillan and parotd
glands

The thorat contans a large parasy hetic supply ¢ fibers inner

vate the bronchial musculature and according to McDowll ™ these muscles
al o recery e vasodilator supply from the parasympathene system Asa chimcal
dfustration of an almost selectne Teachion on the part of the brenchil con
strictor mechanssm relieved by the effect of adrenalin acting oa the bronchtal
sympathetic dilators the following case 18 cited

M Y 360 yearodd mal at “Montefiore Ho piat had hal hyvpertension for a number of
vears asocated wath repeated episodes of precordial distress and dyspnea He was known
tohiav¢ had multiple cardiac infarctions associated with coronars ocrhu 1ons and he erentus v
de cloped signs of chronic arculatory failure Dunng a later episade of paroxy smal nncturnal
despnea accompanied £y precordial pan be deneloped diffuse thonchy and monst tales over
the eqtire chest He eemed to breathe bke a patient in an attack of asthma He became eol !
a dclamms and hus dvspned grew very severe The Uond pressure befsre and Jfter this at
tach remaned wnchanged Despite the background of tus coronary anl eardiac diseace he

was guen & dose of advenalin he was immediately reliesed of bas dy<pnes aqd general dis
tress an} the agns i bus chest cleared.

The parasympathetic supplies to the pulmonary tessels are sull not tlearh
established Hennques$ suggested that the vagus carries vasomotar tenves to
the lungs and von Eulet™- was reasonably certain these nertes were yasocon
strictors When he stimulated the vagus nenve the blood vessels became con
stncted thos effect was increased by esenne and reduced by atropie Together
with De Burgh Daly # he demonstrated that evertation of the thoracic vago-

sympathetic neres i dogs led to \igarous Ppulmonary sasoconstriction or to
weak vasodil: the vasod): was dered

2 cholinerysc effect

Vasodulator fibers that are patasympathetic have been described by Anderson t

and I revost and %aloz™ and McDowall* has maintamed that the pulmonary

vessels probbly recene parasympathetic vasodilators In unputlished per
crex ed utput of cells const ted of neutrophs

phufic leukorytes and tus vey f

n : a:‘»\a)s poralleled the eles atian temperature Occasionally there “x:n:: lDfltkn .

‘;“r) ‘( r(x;m.ﬂ Phalic red Yoo cells and an peras anal normal last appeared Thy nlisse i

At o €Dy nc e s | dnmags o e e 1
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probably dilator in nature (Fig 13) The eustence of a coronary dilator inner
vation, 1n contrast to 1 sympathetic constrictor supply to peripheral vessels,
15 upheld by phy siologists like Anrep and Segall,* Hochrein and Keller," Lang
endorff,* Rewn," and Wiggers 1 In general, they emphasize the significance
of the vagal constrictors, whereas Ratz and Jochim™ hold an opposite vien
Greene,”~* Gollw itzer Meier ind Rruger,® and Hinnichsen and Ivy®especially,
stress the predominant tonic action of sympathetic dilators on coronary ar
teries A number of authorities, however, claim that the coronares are con
stricted by sympathetic nerves, and these nerves, 1t 1s alleged, travel m the
superior sympathetic cirdiac nerves On the basis of this assumption section
of these nerves has been carried out to mterrupt and prevent constriction of
the coronary vessels (Coffey Brown and Humber,® and Kerr™ ¢ But con
troversitl and conflicting results (Richardson and Wihite Whate!) have
made 1t difficult to accept a sympathetic vasoconstrictor mnenation to the
coronry vessels 1t least without strong reseryations

The /eart 1s supplied by cardio nceelerator sympathetic fibers (I1g 19)
Thoracic 1 location, these emerge from the upper thoracic spinal cord seg
ments In addition to these cardio accelerator fibers of thoracic origin Beattie,
Brow and Long™*® described 1 group of efferent sympathetic neurons which
leave the posterior hy pothalimic area and descend mtraspinally to the upper
thoracic segments of the cord where the neurons relvy to the stellate ginghon
and then to the cardiac plexus This newly discovered group of hy pothilamo
spinal fibers 1s an upper neuron pathway for cardiac regulition with 2 direct
nfluence on eardiac thythm (Mg 24)

The abdominal viscera 1re mnervated by 1 major portion of the sympath tics
(T'ig 3) This lrge 1bdominal sympathetic division sends (1) inhibitory fibers
to the smooth muscles of the almentary tract (b) secretory hbers to the
adrenals (c) constrictor and vasodilator fibers to the vast splanchme vascular
beds (sce Tomb'™ for sympathetic vasoconstrictor effects on the splanchmics),
(d) fibers to the adrenals hidneys spleen hiner and pancreis In the case of
the hidneys, for exxmple 1n autonomic supply to the vascular components 18
generally accepted but an autonomic mnervation to the tubular ippiratus is
not established (Smith'™)

Sympathetic vasoconstrictor hibers supply the blood vessels of the peluc
wscera, for example causing rapid emptying of blood of the externil genitalia
Interesting 1s the reported absence of autonomic nerves to the placental blood
vessels nd their ability to become relaxed (dilated) in the presence of low O;
or igh CO tenston 1n the blood (Schmutt! © 1)

3 General Effects*
There are also central tutonomic manifestations These appear 1s changes
In metabolism, temperature water regulation and the sleep-wahing mecha

. on the central influence on leuhocy tosis 1> appended at this point Rose
A Drief remarh . y

now™s has reported leukocy tosis following experimental injury to the die:
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1 fasor of the contention that the pulmonary vessels undergo cholimerie
atation
\45;::1 bronchigl ressels are not hnown 10 pOSSEsS paragympathehic nenes
\ssodiatation being attributed to sympathetc fibers (p 67}
Inlubwtory fibers go to the pacersaber of the heart (Tig 18) -

\ agoconstnctot fibers supply the coronary ressels {Anrep and Segali? Rewn
Collwitzer Merer and Kruger® 208 W 1ggersi¥)

The abdomen recen es fibers which mnenate the smooth muscles and glandu
Jar structures of the ahmentary tract down to the dleocolic v alve Tarasympa
thetyc fibers go 1o the hidneys spieen PAncIeas and other abdomimal organs
g 1)

The peltts contarms rotor fibers which regulate the evacuanion acinties of
the colon tectum and bladder The external genitilia become engorged with
blood {erection) as a result of parasympathetse vasodilatation of blood vessels
1o these organs (Fig 12}

1 General Effects

Gentral para ympathetic mandestations are tnduced by the action of centsal
parasympathetic mechagsms These mantfestations may be noted as a general
zed falln blood pressure depression of the respiration disturbances of bladder
gastro-lntestinal or other functions The parasympathenic divaston also has an
saffuenice on metabofism secretory activities osmouic pressure of bodily flnds,
4nq the regufation of blood elements (eosinophuls and Yymphocytes) It 18 prob-
aby an osersmphncation to designate patients as vagotome or sympath

cotontt and A swalat caticsm may be leveled at any attempt 1o abe! cen ral
actnttieslik t

p it sleep-wakang thythm or water
exkonge as ether parasympathetic or sympathetic in nature

Anzramic Paness of Ganglia, Neurons and Plexuses a3 a Determiaani
of Physiologic Behaviot of the Autanomic Netvous System®

The anatonic ongm of penpheral newrons 15 tifferent for each divsion o
the Segetatine penous systems The sympathetw. efferent fibers anse n th
pindl cotd from bilateral parallel contuons columns of cell bodies fying 1
the gray matter of the lateral horns from € $10 L 2 {Fig 12} Onleavimgih
spnal cord the preganghonic neurons are soon relaged at a synaphic junctio
2 gan,hion (ateral ot collareral as a role) from ting pomt the distal pos
gangliontc teurons continue fot 3 consderable distance eventually atrn
at 4 Viscus or a penpheral effector
Toe para ympathetic efferent fbers on th
clusters of cell bodses scattered throagh the ci:r::):u?l?::i a:(;‘g::l: ::r‘tﬁ‘ o
{Syg D "The § reganghiomic nevrons Lomparatively fong conttnue unl.\lcl‘i;i
© See Chapters VI theou b I for descnption of the apategsy
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e 12 —\utononuc Innervations to the Organs of the Body 1or schematic purposes each
autonomic div 1an 15 represented as coming off a separate neurats The parasympathetic
cranial outflow 15 by way of the ITIrd VITth IN\th \th \Ith cramal nerves the sicral out
flow by nay of $2 3 4 Hair sneat glands and blood sessels to the skin of cach dermatomic
arca of the body are supplied by sympathetic fibers ansing at the neurasal levels related to
each dermatome 1n question These fibers are omitted For innervations to the penpheril and

wisceral blood vessels see g 13

fusion experiments lie found that acetylcholtne constricted the pulmonary
vessels 1n the cat On the whole, all the evidence thus far seems to be strongly
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feservations 1n ome quatters Elhiott®® was the first {o suggest that c;\cnlw.tnls
play a part 0 the propagation of nerse ympules About three dccm;s a :-

Lozw1 ** 2o Dale®t ¥ and Daleand lus co-norhers ¥ were able to confirm this

ctual evidence

‘h:z'?llg\\gstnnl absolutels established that chemicls actually transmit im

pulses 3CI0$S SVIAPSES N0 ODE disputes the presence and the general physiologic
attribute of the chemicaly—adrenatin and acetylchel 0 tion with
the autonomc mnervahions

4 ADRENALIY

Adrenalin as we shall see has an tmportant place 1n the actimities of the
autonomic nenous system The physiologic and pharmacologic propesties of
this substance are well hnown The adrenal glands are supplied by {svmpa
thett ) preganghonic neurons but have no postganghonic neusons, for this
fack adrenalin teelf serves as A sul ot equival Lpen i
the medulfary portion secretes adrenaln and delivered into the bleod siream
and carmed through the body this substance 1t 13 believed sets off adrenergie
respon s at adrenergi rescting nerve endings At once and on a large scale
the indisidual 15 provaded with a Mwid postganghonic aching agent and asa
con equence the body acqures an ability to supplement and ephance sts nor
mal constant discharge of svmpathetic impulses The level of adrenabin how
ewer 1s regulated and hept within bounds  An excess i immediatels hajted by
the readiness with which this substance 1s onidized 1n the tissues and albest
somes hat morestonly even mn the blood ¥ robably other endocrine substances

contnbute to mutoRomic activities but the action of adrenalin 1n this respect
15 undetstood best

Iu many respects resembling adrenatin but not wentical withat 152 chemeal
product elaborated and hiberated at the nenve endings of sympathehe post
ganehonic neurons To this product Cannon *and Cannonand Rosenblueth® #
hate guen the name sympathin Aceording 1o them ino vatieties et (a)
smpathin F produced luring sympathuc contraction of smeoth muscles else
wlere causing only motor or exanatory reactions and (b) sympathin 1 pro-
duced 1 musrles relaved by sympathetic stymulation elsew here causing, only
miibrory effects Not all authorities accept this separation 1ato two hinds of
sympathin e g Loewt® Bacq' The latter for example agrees with Eliott s
Opiaton that sympathun and adrenatin are wentscal

More rerently agun Caninon and Lissa\ emphasized the difference betw een
adrenalin and sympathin Their view 1s that adrenalin s Iiberated at the end
of the advenergic thers and that sympathrr which escapes from the sl\mula!e;
Teglon into the blood stream 1 thus adrenabin modified 1 the affected cell:
Furthermore they found that ¢xtracts of adrenergic fibes wWhether from lsh
Tmesentenic neres or from organs cont uning these nenes acted hie adrcnalx:
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reach a ganglion close to (or withm) the very organ they supph As a conse
quence, a postganghomc neuron has but a short distance to go 1n order to reach
an organ or an effector Sometimes the postganglionic neuron has 1ts source,
course and termunation within 1 single organ or effector This tvpe of post
gangliony fiber distribution makes 1t possible for this dr sion to act on a smgle
organ without at the same time affecting other organs This discrete or frac
tional ty pe of response differs from the diffuse and general action elicited by the
sympathetic diviston, (Cannon 7 %)

Ve probably both drvistons possess 1dentical archtectural arrangements
with respect to the synaptic connections between the first or preganghonic
neuron, and the second or postganglionic neuron In the sympathetic diision
the svniptic connections have been carefully investigated m recent years by
Bullingsley 1nd Ranson ¥ This general arrangement seems to h1v e been nown
to Bidder and Volkmann '8 Billingsley and Ranson were able to count 1 the
superior censical ganglion of the cat thirty two postganghonic neurons affecting
a contact with a preginghomce neuron Turthermore, sy mpathetic preganglionc
neurons i gener 1l hy ¢ 1 dendritic arbortzation m multiple sy mpathetic gangha
of the parivertebral chain above or below the lesel of emergence of the pre
ganglionic fibers reaching from siv to mine ganghn All thisis conducive to 1
effective transfer of preganglionic impulses into 1 diffuse and profuse outhing
galvoy of postganghonic fibers

W hereas both diisions share commonly 1n the formation of numerous smalt
plexuses and i more prominent plexuses as well no actual fusion or 1n1stomoses
between the fibrls belonging to each division has ever been demonstrated
As 2 general rule the sympathetic network 1s carried by vascular channels
but 1t has not et been established whether the timy fibnils of these circum
vascular plevuses mner ate the smallest capallaries of every crrcmt (see W ool
lard™? 1n reference to coronary arterioles) On the whole, nerve fibers of hoth
divistons supply every part of the body nd are especraily promment m the
celomic cavities

Parctcipatton of Chemical Transmicer Substances 1a Physiologic Re
sponses of the Autonomic Nerious System

Just how the 1ons of the autonomic and somatic mneryations carry Im
palses 15 still a matter of considerable mystery The problem has been subjected
to two lines of attack The older vtew held that ner ¢ excitation 1s transmtted
by an action current m the nerve w other words that 1 succession of exaatatory
impulses 15 mitiated by 1 potential difference betwcen an actne and an mnactne
region of a segment of nerve The newer school of phy siologists claims that
nerie impulses m1y be transmutted by chemical substances across s nap =Y
and 1t nerve endings These two points of view re not necescanily wereconcilable
but the second hy pothesis—the concept of chemtcal transmutter agents—has
1n recent v ears recens ed almost exclusi e emphasis though not without rusing
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reservations fn some quarters Elliott*® was the first to supgest \\11»\ t‘htn:\:::\s
plav a part n the propagation of nerve imputces About three demates L h:

Loewa® abo Dole®® 2 and Doleand his co-norhers ¥ nere able to confirm this

ctual evidence

lhs\)gx‘h)\t(;‘:nt a;:sn!uld) established that cheruenls actually transmit i

yultes ac70ss SYRapses 1o ONE disputes the presence and the general phy sictogic
attributes of the chermcaly~—adrenalin and acety Ieholine—mn connection with
the autonomic mnenations

A ADRENALIN

Adrenalin as we shalf see has an wmportant place in the activsies of the
sutonomic nenous svstem The phvsiologie and plmrmamlog\c properties of
thys substance are nell known The adrenal plands are supphed by (svmpa
thetic) preganghonic neurons but have no postganghonie neurons Jor tns
fack adrenatin itself serves as a substitute of equuvalent Upon stimulalion
the medullary portion secretes adrenaln and deliered into the blood stream
a5 carnied through the bods this substante 1t 13 believed <ets off adrenrrge
Tespanses at adrenergic rescting nenve endings At once and on a large sple
the indnidual 15 provided with a fluid postganghonic acting agent and as 2
con equente the body acquires an abality to supplement and enhance )s nor
tnal constant discharge of syvmpathetic impultes The level of adrenalin how
aer s rerulated and hept within bounds An excess 1> immediately halted by
the read ess wsth whih this substance 1s oudized n the tirsues and albert
somenbat more slowdy even in the blood 1 robably other endocrine substances
coninby ta2g 24 grannc actnities but the action of adrenalin  this respect
1s tnderstood best

Tn many. respects resembling adrenahin but not identical with it 1s:a chemucal
product elabarated and hberated at the nerve endings of sympathelic post
ganghonie neutans Tothisp ottuct Lanoon *and Cannon and hosenblueth® ®
have gven the name svmpathin Aecording to them two \agieties exist (a)
svmpathun E produced during sympathic contraction of smooth musiles ele
x'::: ‘r:“mu:r‘:*.ﬁ ]:m;grhur exaitatory reactions and (b) sympathi I, pro-
hibitors e ri : ) v sympathetie stmulation elsew here causing opl,
St o Lo: a“ aulh:mlze: accept this separation wto two §mds of

14 s1% Bacg? Thels ter for example agrecs with | lott s
Um‘n;on that svmpathim and adreralin are identycal
N “‘::;m’?) ;Eﬂ;\;lhﬁ‘an;;‘? ard Lissah? emphasized the difference betw een,
ol the adrenerpic ﬁl\,mrs and 1!1.;‘r e 'f“ fadrenafings iberated at the ends
*20% 0 the tsyarpa “m which escapes from the stimulated
Furthermg e ood stream 1 th s wzenaunt modied 1n the affected cells
ﬂ'tscnm:‘: ‘\\\:woin‘\:nd what extracts of adrenergic fibers whether from the
O OTEARS containing these nerves acted lhe adrenalin
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or had the charactenstics of adrenalin By way of contrast, extracts of sagus
nerves and skeletal muscle, or of the heart in which sympathetic fibers have
been permutted to degenerate possessed none of the attributes of adrenalm as
exemplified m 1ts effect on blood pressure or on the 1ris of the eye Over forty
years ago, Lichtwitz* suggested that adrenalin may be transmitted in the avon
¢ylinders in much the same way as tetanus toxn, for nstance, and Llliotts
at nbout the same time (1904), postulated that sympathetic nene impulses
released minute amounts of an epimephrine hike substance, and he considered
this release a chemucal step tn the process of stimulation

With notable exceptions the terminal nerve endings of all sy mpathetic post
gnglionte neurons react to adrenalin and, tecording to the Harvard school of
physwologists, to an adrenalin like substance sympathin For fibers which
behave 1 this way, Dale coned the term 1drenergic

B ACETMLCHOLINE

This substance hnown to evist outside the bods, 15 also endogenous Tt has
been found at all intraganglionic relays between the first or preganglionic
neuron and the second, distal or postginglionic neuron It h1s also been found
at the terminal nery e endings of parasy mpathetic postganglionic fibers W hereas
1ts dhstribution 1n the effcrent sy stem of the autonomics 1s general the chemcal
has not been detected as yet 1n any of the afferent neurons or at the synaptic
junction which these afferent neurons make withmn the gray matter of the cord
On the other hand acetylcholine has been found n somatr nerves and m
sympathetic as well as 1n parasy mpathetic gangha (de No't)

The 1dentificition of intrabadify acctylcholine 15 a comparatiely new dis
covery Loew1 found that this substance was Liberated by the vagus Tater it
was 1dentified not only at synaptic junctions 1y the parasy mpathetic division,
but 1lso at synaptic connectsons between pre and postganghonic neurens 1n
the sympathetic drvisions and 1n somatic nerves also (de \o) As in the case
of adrenalin a regulatory quantitatie balance secms to prevail for acetsl
choline The drug 1s destroyed rapidly by n enzyme cholmesterase 1 the
blood and tissues (\achmansohn'®) and the destruction of this chemical by
csterase 15 cheched or prevented by the action of physostigmine Dale® has
extended many of these observations Acetylcholine has becn identiied pot
only duting bodily (somatic) reactions but also 1t appears during emotonal
states of fright or fear (Bender!® 1)

Neurons ihxch react to 1cetylcholing have been designated by Dale®™™ as
cholinergic m contradistinction to the adrencrgic acting neurons As a rule,
adrenergic and cholinergic fibets are confined respectiv ely to the sympathetic
or parasympathetic divisions But anatomic interplacements or mterfacings
oceut, that1s ta s1y cholinergie fibers have Dbeen discovered within the sympa
thetic drvision and quite probably adrenergic fibers cast within the par:::):’:
pathetic division Testut! ? found fibers of both divisions n the sime tra
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and the probabulsty that vagal fibers (chol ) run 1n the sy i\ h \c,nrd
cened Tigerstedt™ as the basis for tus explanation of the odd and rare (\) ser
yatons by Wagner and Bezold'” that cardiac inhitntion followed shimulation
of the cervical sympathetic cord Regardiess of any diclocation of
tbers from one divasion into another the inherent physwologic chermical identity
of each type of Gher 1s vetamed The fibers to sweat glands for instance are
an example of patt neurons whese p 1 nene endings hate
a cholinergic action

Both chemicals adrenalin (ncluding sympathin) and acetyicholine ean
exert 2 unnversa) or mass effect acetyicholine through the parasvipathetics
adrenabin through the svmpathetics The Iikelihood or danger of an excessne
accumulation ot release tn the bods of ewther substance 15 mcely rounterbal
anced by the ease and rapdity with which each chemcal 1 rendered mactive
or destroyed by the tissues and the blood The quantity of these chermenls 1y
thus kept wathin bounds and therr influences restricted 1t seems 10 1he media
tion and transmission of nen e impulses at the effector organs

Mass Action of the Autonomic Nervous System

The configuration of the anatormic tlements and the general physiologic
charactenstics of the vegetatine nervous svstem are in harmony with and
ndeed help support the concept of a mass action by which this system func
tins The actwaty of the constant pred generalized
and aroused to greater vigor when the body 15 confronted by a sudden emer
geney may be ascnbed chiefly to the following factors

Furst the ceaseless stream of wmpulses i the autonomies 1s translated almost
2! once snto penpheral and general mamfestations This speaks strongly for a
Beurn eme rather than 2 hormonal reachion Were the Iatter the case more
tme would elapse before the effect achieved through the 1atenention of the
arculstion appeared the farger the ammal the greater the interval of time
The total effect of the normal constant tomc  aulonomic discharpge 1s to con
ferupon the body 2 o d dy namuc it atan optimal
s&[andzrd Wathout this woosdination the muttindimous and complex reactions
:rud: ;::unu;m‘c nenops systent wowd become inconpruons and a daleido-
\(?mm e,r‘;hz !cth laude Rernard® ens isioned this with the msight of gemus
“pmmf “ x:mndl € coordinated harmonous equilibtrum of the body 1s the
the et ;:::;ﬁl and‘bah‘nrrd mternal ens ironment and he considered
mdependant e ei:n:“r:u eu 3 fundamental prerequisite 1o a free and
Yore ™ © du milieu Intenieur est la condition de Yo e

n exteemely interest
e res an) mert bras

8 expasition »f the biofogic adaptations of bodity temperature 1n
Tevir nus 2

tes was et fosth at cons Jerable lemgth as far back as 1802 h
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Second, the autonomic innervations, as 1 consequence of this functional
dvnamuc state, are primed to react, when called upon, on 1 large scale and not
Precemeal, n this way vital forces are quickly and fully marshalled to hold off
the threat of catastrophe or anmihilation Starting at levels alrexdy rared, the
ammal, if necessary, will attain a higher degree of quantitative responses al
most instantaneously Tor example a normal blood sugar level of, Jet us <ay,
120 mg per 100 cc or 1 normal blood pressure platew of 130/70 will mount
respectively to perhaps 200 mg of sugar, and to 200 systohc blood pressure
i considerably less time then if these figures to start with were well under the
normal level At these new high levels, quickly reached, he 1s better armed to
combat any sudden onslught, 1 e, emergency

A PartICIPATION OF CFNTRAL RLPRESLCNTATIONS

The centrl ramifications of the autononic system in the bramn contnibute
greatly to regulating the normal dvnamic brlance of the vegetatn e functions
and thev also play a significant role in bringing about sudden violent states of
autonomic hyperactisity * It 1s generally held that these vanous functioning
elements act 1 a coordinated and integrated manner Marburg® howeser
believed that the autonomic representations tn the bramn act by coordmation
rather than by ntegration By this he implied that each suprasegmental and
brain stem level 1s n wutonomic unit per se and the combmed actions of mul
tiple levels are summated and not interloched or integrated Be this as 1t may
the stgmficant fact for the climician 1s that the climeal expressions of gencralized
autonomic activity tahe 1 vanety of clinical forms Common to all these clinical
forms 15 a generahized autonomic m1ss reaction This 1> dlustrited by the cases
described i Chapter II

Emergency Function of the Autonomic Netvous System

To meet a threat of sudden disaster for mstance as i combat the 1mmal
falls back upon phy siologic reserves quichly mobilized by both divisions of the
autonomic system (Cannon? 2) Lach division, differently equipped has its
own type of response

The full sigmificance of these separated yet coordinated actiities of both
autonomic divisions has not yet been fully appreciated by the practiang phy
sican Many  explosne” conditions such as a sudden cerebral or coronary
thrombosts or an acute perforation of an intra 1bdomimnal viscus, are ushered n
with a pattern of mamfestations which corresponds to the picture associated
with a sudden generlized sympathetic discharge cholinergic reactrons are nat

» A striking form of a central autonomic discharge ts the so called diencephalic autonomic
sezure  carefully described by Penfield 2 The reaction w1s observed for mslanc:, 1?];1
woman of 41 who had perodic headaches and foss of consciousness \n aura nas qu[ m\h z;
Towed by sudden vasomotor and pupillary changes lacnmation excessive s\\c:l(m{’; .:;1‘ \
tion and often by loss of consciousness gastro intestinal manifestations were abse



GENERAL ATTONOMIC REGULATIONS i

{aching and may even be predominant or the adrenergic featutes may be to the
ore

! Generally speahang the chimeal apphication of drugs and therapy n connec

tion with these sudden disasters has centered mamly upon the degreeand extent
of the somatic damage d ang an adeq pp 1 of the simificance
of the associated autonomic disturhances has often been Tacking But these
dstarhances man demand management Jong before sequelae of the comatic
damage ensue and often when somatic alterations are abeent The follawing
case Wlustrates this paint

Sman A N 63years old with no previous hnown episodte of heart tlness was sud lenhy
and unexpectedls strcken whule walking 1 the street with atvte coronary occha 1om accom
pamed by mtense frecordial pun and shock The feature of shock with s attendant aspects
of cof | gray shin generahzed profuse sweating prostration and soon after marked hypo-
te son dommated the picture He died the next day consarous and. clear-eyed mth nasyms
of arculatory fature This 1s an example of a profound autonomuc hyperactivsty chiefls de-
pressor uy character the patient succumbing before the tramn of events contyngent upon the
comatt waqury {of the heart muscle} could deselop The emphass of theraps i this 1ype of
ftuation should be on bringang prompt mid to the greatly disturbed autonomic ners ous system
the somatic damage requinng at ths s1age bittle attention

ActioN oF THE SympatrETIC Dvision

The svmpathetic dvision by virtue of 1ts particular 2utonomic design s
able to set off a charactenstic group of activities duffuse and wide flung In
the face of « danger menicmg the stability or integnity of the nternal enmyiron
ment {equilthrium) the blood pressure almost nstantly Jeaps ty 2 new lesel
the heart quichens the bowels are ynhibited sugar 1s withdrawy from stored
supplies 0xygen consumption 18 increased the eyes are wide apen the <hun 15
moist and restient the haws of fur beanng anumals become erect emotionally
the smmaf s arou ed and corbative Hisreserves tapped hos forces marshatled
the ammal 13 arraved in a newly won armamentaniam This he acquires as the
rsult of the burst of artioan of his entire svmpathetic dnzsion arded by an

v of adrenatin cansed by stimul
through preganghonic fiber paths

Of much mterest are the obseriations of Canvon et al ¥ on tats and de
nhase s mpathetic gangha hiad been remeved U nable to set off 1 sym| mh:o e
adrenal reaction to meet a sudden emergersy such anmals ey ; a{l -
ues ertheless exhibit under undusturbed condstions rather w el ad, 2:“1 :1 b
e mamfestations for example Ylopd pressure and heart rat e b e
normal fevel Since the normal nes e hedun toa
glands will be laching n such ammr:l?i(epr: Erghome) contro of he adrenal
of adrenergic actnity by as uming that ad:‘-‘::::;:au:t e ataod b 4
pathin s stll elabosated n adequate quany: ty m lhecsu:'l\sx\a\‘r‘\lgﬂ:g’ et sym
fans and at n renergic ne

tnereendings The denen ated adrenals may st be ahle mmsme\:e

of tus adrenal plands
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adrenahn, but its delivery to the badsy 1s meffective (Cimmata® However,
ammals especially cats, laching 1 sy mpathetic nerous system cannot respond
to new or unusual demands In other words under sheltered conditions the
adrenergic reactions are still mamtamed and rather adequately, but i states of
emergency these reactions cannot be made to display 1 range above ther
“quiet " levels It would appear, therefore, 15 if the adrenal glands may bea
reservair tipped when a sudden, urgent generalized sympathico adrenal re
sponse 1s provoked Throughout this upheasal, the other division of the autono
mc system tahes a subordinate and less spectacular, but none the less important
part

Rorr oF THE PARASYMPATHETIC Division

This dis1sion, the parasympathetic, 1s fundamentally ¢ protective  or ‘con
servatine,’ 1n character (Cannon ') Comprising the major portion of this
diyision the vagus nerve, an ancient cardiogastric nerve ind m higher phyla
also a pneumogastric nerve retans its primary conservatnve and guardian
watchfulness over resprration, arculation and digestion The parasy mpathetic
fibers runming m the thied seventh and manth cranal nerves and in the sacral
outflow subserve a sumtlar guardian role over the structures they mnenate
By virtue of this supervisory function of the parasympathetics as 1 whole the
ammal enters the fray,” 1¢, meets a sudden emergency, with his respiration,
almentary tract, and arculation disturbed comparatively httle Moreoser,
when and if the parasympathetic division 15 provohed or stimulated by an ab
normal burst of actvity this division may be called upon to produce a frac
tional rather than a universal response The parasympathetics therefore, are
likely to be responsible for an 1bnormally heightened reaction n but one organ
or one system The absence of an ntegrated and unnersal response 1s quite
charactersstic 1nd 10 heeping with the restricted anatomic distribution of the
short postgangliontc fibers of this division Were this diviston to react to1ts
fullest potentiality 1t would only cause as Bard ® has put 1t responses that
are not bound by physiological bonds of inteyration ”” However 1t must not be
supposed that the parasympathetic disision 1s mcapable of producing wide
spread reactions which simultaneously myvolve many systems of the body

Antagonmsm Between the Autonomic Divisions

The unfatling stream of tonic discharge the mass action of the entire 2o
nomic system and its capacity to evohe increased quantitative reactions are
supposed to depend upon the tnteraction of counterpoised, antagontstic auto
nomuc forces Exemplified as physiolagic reactions tn each diviston of the auto
nomic system these forces are easily 1dentified as normal responses in thelving
body and are produced readily under expermmental conditions

W hereas the vitahty and the potential volatility * of the sy mpathetic divi
ston are well recognized, the parasy mpathetic system designated m a general
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way a5 guardian 3nd protective <hould not be locked upon as a passwe or le
tharge appiratus Quite the contrary 1t may e quichh whipped mto action
wdacing bodily changes which in the main appear o be antipadal or better
antagonistic 1o those which charactenze the 53 mpathetic division

This antagonism 15 obsen e 1m & nursber of examples The parasy tapathetic
fbers m the third cranal nen e constnct the pupil of the ey e while the sympa
(hetic wnenation contrises 1o heep the pupd widel dilated These opposed
wnluences heep the pupit nerther too constricted noy too dilated and what 1s
equafly important the pupt sill react promptly i exther direction between the
poles of these apposste wluences A sumlar dyname state s athiened by the
opposttion between the parasympathesic inhit and the sy hetic car
duc acceleratar nenes to the heatt and by the sugmentor parasympathetic
yenes to the gastro-ntestingl musculature pitted asit wete agamst the action
of the infubitory fibets 1n sympathetic nerve  When 251n the ca e of the cor
pary ves el vasoconstrstion is accomplished through the pirasympathetic
nenves and vasodil through the ssmpatheties the prnciple of opposed
ot antaganstic phyvotegic reactions 1s also w {orce

The result 1n afl these mstances 13 a dynare labile state reqardless of the
argan or structure 1 question ns heatt gut musculature coranary er pul
monary vessels ete This fundamental primciple of balanced or counterne sed
P43 swlogie reactions 1s exemphified even in those parts of the bods shere only
one yutonemic dnamon seers to enst Thus the malfer penpheral blood
sessefs the sweat Jands and the erector pils muscles are able to undergo a
dual set of antipodal reactrons by means of an increase or duninution of sy
pathetic nfluences transmutted along sympathetic nerves The planchme
blood vessels appear to operate on a stmilar principle (Torb w1y

Muwal Cooperanon or Synergism of the Autonomic Davsions

Ajthou,h the divisional forces m the autonamses often warh m oppositian to
each other the body 15 not at the capricious mercs of these antipadat activities
Rather a cooperation or mutuakity of the autonomics 25 & whole
caatdimated wiraboddy functions both in the smooth efficiency with respect
toeach organ of <y <Yem of organs and sith respec. to the generalinte, uo{mof
#ll important bodiby processes The duality of funetigns of the lu\qs\ir':w :u
.

c}‘::;‘z ::em has therefore a stranger compfemental than anticomplemental

This whvantage to the body af 5 o

undetfies all the

(;;mrmc equitbnum eannot be o ey
masmtenince of tne
diisions ot the aWoneme renous $vstem couttibyte a \Tl;?“;‘:‘\,\n? both
wply the <nd result~a dynamic equilbrgm— represents 3 § ld ccord
constructine achievement and ths notsstbstzeding any gata, undamenta,
seL up i any portians of the autonomie system el gonstic reactions
The vole of 4 double and antagonutic nneps, 2tion ha many excepts .
ptions ang
p—
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1 cooperative duality in the autonomic sy stem c1n be duscerned even ma single
division Tor example, m some of the peripheral effectors supplied by the sym
pathetics, 1 ¢, the cutaneous blood vessels vasoconstriction and \sodilatation
are accomplished apparently without parasympathetic nenes

In addition to Jocal or pertpheral examples, the principle of synergistic or
mutual cooperttion of the vegetitive nervous system 1s watnessed m a single
dnision of the autonomics, here, however, the action affects simultancously
more than one sy stem of blood vessels, ¢ & , cutancous bload vessels and thuse
within the 1bdomimal cavity, or cutaneous and coroniry vessels In the case
of the cutancous vessels, a viscero or splnchnocuttneous refles is estibhished
During the ejection of blood from the eutaneous v essels, follow ing svmpathetie
\1soconstriction, the splanchme vessels i the (bdomen become filled a5 3 result
of vasodilatation The dilatation 1s probably also of svmpathetic orgm Sim
iarly, when under certun circumstances the cutaneous vascular bed is con
stucted and emptied of blood the coronary vessels of the heart, as 1 result of
sympathetic vasodiatation, will widen and up to 1 pont enable the heart to
secure 1 increased quantity of blood These anatomic and functional relation
ships represent 1 synergistic or cooperative regulation which may be and often
15 protective and hie saving

The ease with which the activity of the sympathetic division beconies 15cen
dant during emergency states1snoteworthy This 1» due not enly ton murersed
stimultion or burst of activity on the part of the sympathetics, but i some
measure to 1 supplemental parasy mpathetic cooperation accomphished by dir
mishuny, the tonus of those parts of the body nnersated by the pirasympt
thetics, wn augmentated tonic svmpathetic effect 1s thus 1chies ed

Pharmacolagic ttributes and responses of eich autonomic division alo
point to 1 mutuality or cooperation of both drstons The reaction on the par
asympathetic draston wduced by atropihe my closely resemble the effects
of 2drenalin on the sympathetic division Dilatation of the pupil, 10 accelerned
heart rate and nhubttion of penistalsis are pharmacologre responses which m1y
be common to cach autonomic division Agan certun drugs are 1mphotropic
(Pick %, Danelopolu #) possessing an almost equal mtluence on both dv
stons

Coordintuon and Integration of Central Autonomic Functions

The st 1nd complicated wutonomie regulrtions in the body arcaccompltshed
by segmental reacttons myolving reflexes medited 1t spimal vord el , and
by activaties which e controlted for the most part f not entirely at tigher
lesels

The higher representitions comprise natom
both autonomic disions These clements are 2
with others which govern somatic functions The
of autonomic and somahc representitions ensts

1c and phystologic clements of
\so coordmated And wmtegerted
overlapping or intermnghny,
throughout the entire motor
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certex and probably in the sensory cottical terrttory a0 in the thalamic and
stratal levels and less extensinedy, w the hypothalamus

The patterns of reaction of the vinous levels of autonomic representation
of the brain are not identical Tor example the group of effects set off at the
Thypothat 15 pred by od and that at the medulla choliner
me This differentiation with respect to bram levels may be ob ened 1n the
chmical pacture of hypennsulimsm In man four clineal stages deselop and
eath stage 1> clamed to be related to the tatal brawn substance depressed and
to the terntory released from the nfluence of higher centers and rendered pre
dominant or hyperactne

The lesels of central autonomic functions i connection with the level of
Blood sugar and mn relation to anot and the ovidation of catbohydrates have
been studied by Gellhorn® and Himwich *
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Fic 13 —Sympathetic an 1 Parasy mpathetic Innervation to the Blood § escels of the Viscera
and Penphens The parasy mpathetic cranial outfiow 1 man is s 3y of the 1lIrd VIfth

I\th \th \lthcramalnerves thesacral outflow by way of 52 3 4 Tosimphfy the drawing
the following parasy mpathetic fibers were omutted D lator fibers i the VIIth crania) nerve
pas.ing via the ch rda tympaninerve to_essels of the sul mamllary gland dudator Fhers 1n the
T\th cranial nerve passing v1a the small petrosal nerve to vessels of the paron ) gland also
fiters pa1ng v1a the lingua) ners¢ to blond vessels of the tongue dilator fibers in the pelvic
netves nerviengens (S 2-1 which go to the blood yessels of the pemis Cephalad to the rhom

tencephal n efferent sympatheuc neurons descend from the postenor hvpothalamic area to

thes; allevels It has been sugeested that these nearons serve as an upper pathway for im
pubs ansing 1 the cortex or diencephalon

contan muscle elements The nerves extend to the large v essels (Suhretzenmasr
"oy

and even to the aorta (Hurthle'™) Histologists now also admit that
it possess \ nnervations

of a diffuse networh which



CH\A\PTER V

The Autonomic Regulation
of Circulation

FROM the cardiac pump to the tinest capillaries and back the circulation
1s governed by autonomic regulation This regulation 15 tccomplished
largely by a nervous apparatus which 15 made up of central and penpheral
components Through highly organized reflex adjustments these components
are coordinated to chemical, physical and mechanical processes which are also
under the control of the autonomic system Many factors contribute to the
hemody namucs, e g, arteral, capillary and venous pressures blood veloaities,
cardiac rate and output, the tomcity of the vascular conduits, the quantity
and quality of the blood mass, the osmotic pressure of the blood, the shunting
of cireutts or tappng of blood depots But the primary determinant in regulat
ing the circulation and 1ts hemody namics 1s the metabolic need of the tissues
associated with the actiaty of external and nternal respiration Specialized
chemicals and hormones—adrenaln, acetylcholine pituitrin histamine—have
a prominent mfluence So have varrations in intrabodily temperature and water
content, shits in pH and 1n concentrations of minerals and electroly tes

This galaxy of mtegrating processes has its anatomic representations in the
neuraxis At various levels from the telencephalon through the spmal cord
regulatory devices exist, these are especrally well developed in the brain stem
Of the central stations, the hypothalamus especially 15 dealt with n detall in
this text, but the other control areas are not ignored

To assess more accurately the significance of the central supersision of the
arculation 1t wall be useful to consider the autonomc circulatory controls as a
whole peripheral 1s well as central

Autonomic Pertpheral Regulations

The penpheral regulations of the circulation are carred out by chemical,
physical, mechanical and nervous activities The latter are medhated by sym
pathetic and parasy mpathetic pathways, and by mtrinsic and extrinsic reflexes
The extrinsic reflexes especially are closely bound up with metabolism and res
piration Neurohormonal mnfluences play their part in all these processes

A By Svaratneric NEURONS
Sympathetic efferent fibers mnnervate a large part of the penipheral vascular
apparatus Nerve fibrils have been demonstrated n artertal vessels whose walls
88



THE AUSONOMIC RECLLATION OF CIRCULATION 9

the ¢l not retan Prcessine flyyd for totance an mordmalek ?uaentl)g‘ ::{
bload reaching the lner w il have its fluid constituent> quickhh ;“ e
Lautner) Tt1s interesting tonote that many years ago Thalowicz an e
and Pal? suspected that the Tiver possessed A specialized neryous Yegw ! o7 .
Innersghon ond Functon of the Prlmonary Crralation A generalzed n\‘xl
st of sympathetic actinty probably entads the pacticipation of practieaily
21t the vasculat curcuts n the body Tnall thus the pulmonany arculation po:
esses a specisl wnterest with regurd to the dynamics govermung the heart an
fungs In situ a5 a stngle umt and with respect to the process of ventilation
Any tendency for the Jungsto becomeos erfilled with blood which ss ejected out
of the penphery as a result of vasoconstniction 15 guarded agamnst By 2 $Hn
chronized vasoconstriction of the pulmonary yessels themsehves A concomutant
relaxation of the bronchial musculatare also takes place At one and the same
tme therefore the danger of inundating the lesser circulation 1s pres ented and
the ventifating passages are opened more freely to permit the ingress of oxygen
Touched off smultaneously 3s a massive. discharge these adjustments of the
pulmonary circulation together with those nstigated 1n the splanchn ¢ cor
onany cerebral and other awrcunts remam orderly and coordinased  More
over vadespread and vanegated as these penpheral sesponses are they prng
w facge psct from the bram stem gud other bram levels
The nervous 1 of the pul \F

o Y (see p 6> for wner
vat01) seems to obey the same physiologic Jass which obtam 1 many other

circutts of the general airculation The pulmonary blood yessels waderge sym
pathetic constriction and parasympathenic (322" & \station and tfiese effects
operate with the svichronuzed efiect of parisympathenie constncuon apd
svripathetic dilatation exerted upon the muscutature of the bronchs and upon

the coronarv tributanes of theheart The lungs in reality consist of tno “organs
~ & ventilating apparatys and a airculatory systers—and each organ 1 sup-
phied by an mdependent group of sympathets. ana parasympathetic fibers
Mamy dimcal sfiections reman confined largely and almost wholly to one
orgtn This may ofsen be obseryedn emphy sema sificosts tubetculosss and
carcthoma where thealveoli and brancht are primasdy 1 ofs od ™ However

these pulmonary diseases the dy namr ¢ o the pulmonary cicculation may, even
tuglly become disturhed Cons ersely

%e pulmonary arculation may r
ecen e
e brunt of the disturbance as m conge :

emtal heart disease mytral disease and
<o called essentia) pulmonary hypertension {Eppinger and 1\ agner®) theven

tilsting app ratus contines to furction fas}

5 welh until the respiratory mem
brane hecomes greatly aitered The follgn iag case of chromic emphysema cam
Phtated by advanced pulmonan hypertemsing o fong duration emphasizes
the part played bv involsement of both otgans

ML 45 vearsold a yatent o Yomtefive flawmtal Wi amphyserny duning the greager
part §hus adult bl deseloped pulmonary ypertension as a result of markedt emphyse
The chuical manslestations of podmorar Byperten 1on marked cyanous polycytherua mv\l

ar



90 ANGIN Y PECTORIS AND MYQCARDIAL INFARCTION

15 an extension of the sympathetic supplies (krogh'') Vasoconstriction and
vasodiltation are carried out by meansof this network Toa major degeee the
Tatter effect 15 also 1ccomphished by chemucals, 1 ¢, acetylcholine, histamine,
metabolites, ind probably even by extremely high dilutions of adrenalin Spe
cnlized cells i the capillanics, the Rouget cells,”™ 4 were at one time consid
ered to be delicate extensions of the autonomic nery ous system, but this is now
doubted The capillaries of the heart, according to Woollard, * show no nerve
fibrils The intrmsic autonomic actwvity of the heart depends, however, upona
fine network of intracardine nerve fibnls and ganghn (Henng™)

Of the chemical substinces and of the special products of metabolism which
jom 1 the regulation of blood vessels we shall have more to say presently
Adrenalin which may be designated as a chemrcal postganghomc sub
stance acetylcholine, histamine, pituitrin, and a host of chemophysical fac
tors—pH concentrations of electroly tes, the quantity of CO , of oxygen (0%
gen lck), many hormones— all help to determine the tonicity of the cipillary
vessels Other reactions such 1s the Snellen or the Toven reflexes the shin
reflen (flare reaction), and the local capillary reaction to cold, also constitute
regulztory devices, probably sympathetic m character, which act on the cap
iliaries

Svmpathetrc Efferent*l tbers lo the Cardiorascular 1pparalus The sympt
thetic efferent supplies to v arious sections or districts of the cardiovascular s>
tem donot ail cause wentical regional reactions (F1g, 18) since the functions of
these nervesarenotallalthe Thus the cutaneous peripheral cireulation receives
sympathetic vasoconstrictors but st 1s not conclusively determned whether
the vesscls of the shin and muscles recetve svmpathetic vasodilators The
splanchmic vessels havesy mpathetic vasoconstrictors and perhapss asodilators
(According to Dale # ¢ stimuliting the splanchnic nerves after blocking the
vasoconstrictors with ergotamne, produces a drop m blood pressure w fuch t
not cheched by atropine Wiggers * and others however, deny the cxstence
of sympnthetic splanchme vasodilators ) The coronary circulttion possesses
sympathetic vasodilators and similarly the hepatic vens according to Mautner
1s 13 and Bauer et al '

As a result of these differences in function of peripheral subdr istons of the
sympathetic system a massive discharge of the entire sympathetic division
made up of a variety of local effects A large volume of blood 1s diverted from
the shin and the sheletal musculature and out of the blood depots to supply
+ital organs Ithe the brain and the heart On the other hand the musculatore
as a whole, the skin the lungs possibly the bone marrow and blood depot
organs like the spleen are probably able to increase their capacity by virtue of
nervous adjustments The blood depot organs are able to hold large quantities
of blood The ltver 1n this respect 1sn exception Under normal circumstances

s
*As a rule the impulses travel centnfugally but in efferent neurons they may sometime
be antidramic 10 direction (Bayliss™)
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\entilating apparatus became greaths mparred and the patient succumbed 10
untelieyed congestne heatt fabore combaed nath prlmonary wsafficiency

The wnervations and funcuions of the pulmonary circulation are impaottant
factors 1n these and other esamples of cardiac and pulmonary disease

Svmpathenic Cardio-1celerglor Faders A specunt group of Ghers the eardio-
accelerator fibers (Figs 18 and 3a) wthcell bodes at fevels Th 1 to » exerts
an exaitators effect on the heatt Stimulating thece fibers produces a 1 10 the
heart rate and an increased contraction of the aundles and entricles Seclion
Ing these fibers or blochang them with evgotamine for example turns the heart
over to the d action of the ¢ mechansm and the
feart becomes slowed

Sympatheiic Hxpothalamo-Spinal Fibers {Fiz 31) A sympathene efferent
tract arsing from the postenor hypothalamus has been wdentifiel by Beattie
Brow and Long ¥ 1 Descending mteaspimally to the lateral kom cell< the
fibers of this tract continte to the stellate ganghion and thence to the cardiac
plevuses Interrupting this fiber tract or destros ing the postenior hypothalamie
area « il abolish the remathable extrasy stolic arrhy thmua caused by chloroform
mhalatian It 1 now advocated that this part of the bram parncpates i the
Tegulavion of the tardiac Thythm {p 171) and that these bvpothalamo-spuinat
fibers constitute an upper neuron pathway connecting with the svmpathetic
neurons which leave the spmal cord at the thoracic and lower Jevels

B B\ PARASYMPAYHETIC \EURO\S

s 1 the case of the svmapathetic dwision the parasympathetic 1s also able
todi chargen a mas neor generalized manner Asarule hosever the response
18 fragmenian 1e resincted to one or a few regions

Absence of Parasvmpathetic Fibers to Pertpheral § essels The PATASYIMDR
thetic distribution 1o the cardios ascular svstem dfers from that of the svmpa
thetic Despite the well established vasodfator action of acety Icholine on the
capillartes of the shin and 1 the mb  these captanes as well as others ar
appatenth devowd of patasviepatbetic nerves s a matter of fact this . :
probably alco holds for the larger ves s Enlargement of the lumen of !:c
; esxels lt? accam:mhshed bt vasodilator newtons within the sympathetsc diy xsn::)c
dy‘hxlx::\‘ Zﬁx::lo sympathetic constrictors or by chermical substances with a
Mf:”i’::zll Pa};usw&aljn 1€ asodddalor Nertes 1o the Skeletal Musculature

e Yy Kure =14 redivected atirnti
faurth group of parasvmpathetic efferent ﬁbeg":hl:ii‘:;;‘;:::: :: e
:ﬁ?:’l_, of the skeletal muxles {p 139) Earer publications bc ot
Grutzner and HaMenham 4 Morat ™ Hasterli, and B, -)x Stucker
“ Raon and N ghomin s Bogines i and Biedt ™ Werziloft,
dealt o 1th these Sibers man Batr and Raborat
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enlargement of the night heart developed only 1n the final penad of his Lfe, about 4 years
He bed to the combined effects of heved pul 'y hypertension and progressive
loss of ventilating surface The autopsy disclosed an extensive and diffuse fibrosts of the
pulmonary capillary alveolar bed 10

Similar cases are met with in the diffuse, what might be termed the centn
fugal, type of fibrosis, for example, 1n certain forms of silicosis or 1 diffuse
parenchy matous fibrosis from any other cause Inall these instances, pulmonary
hypertenston 1s an accompanying feature but the dynamics of the general crr
culation mry escape alteration for a long time

Quite m contrast 1s the state of affairs 1 conditions of direct obstruction
of the pulmonary circulation, asin chronic mitral disease Here the parenchyma
of the lungs suffers little or very late, whercas the pulmonary arcuit 1s the site
of marhed hypertension *** The clinical features of pulmonary hypertension are
not always present Thus two groups are observed (1) long standing mitral
disease showing little if any clinical evidence of pulmonary hypertension, and
(2) chrome mutral disease with marhed mamifestations of hypertension in the
pulmonary aircuit

H S nged 32 had been admitted six times to Montefiore Hospital 1n the period from
1929 to0 1942 for recurrent attacks of congestuve heart failure It was Anown that he hadbad
rheumatic heart disease for at least fifteen years and for thurteen years hus heart was greatly
enlarged the signs of mitral stenosi> and insufficiency were unmistahable He had never had
an elevated arterial blood pressure In January 1942 the diagnosis of advanced buttonhole
mtral valve disease was again confirmed His heart was much rotated the nght ventricle nas
huge and the left ventricle greatly enlarged auncular fibnllation persisted et despite this
advanced and long standing mutral obstruction pulmonary hvpertension had produced no
climeal features such as cyanosis polycy therma clubbing of the fingers or other memfestations
pointing to any marked 1mpatrment of the capillary alveolar bed

A A a53yecar old female was under obscrvation for advanced rheumatic heart disease
at Montefiore Hospital from February 1933 until the time of her death tn February 1936
There was an intimation that she had had heart diseasc as a very young child At the age of
24 a diagnosis of stenotic mitral valvular disease was estabhshed and she was started on dig
takis Her cardiac condhtion progressed very slowly however and she remained practically
free of stgns of heart fatlure In her middle forties she developed a deep and steadily progre stve
£yanosis imited to the face ears Iips and fingers and toes By this time her heart had become
large and showed the contour charactenstic of advanced mutral obstruction She began to
exhibat other signs of prog of ¥\ namely intense
polycythema and dyspnea but congestive failure was still not a feature VMarked cardiac
nsufficiency appeared toward the close of her Iife in striking contrast to the relatively muild
insufficiency of the preceding three decades The autopsy disclosed a greatly enfarged heart
with healed and recurrent rheumatic mvolvement of the mitral and pulmonary satves and
m addition marked 1 of the y tree ding into the small arteries
and artenoles

In this case of Jong standing mutral stenosis pulmonary hypertension was
well borne over many years and with little sf any cardiac falure With the ad
vent of extensive imvolvement of the pulmonary arterioles an

d capillaries the
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\entilatin, apparatus became greath ympaired and the patient succumbed to
unrelieved congestive heart fulaee coratnned with pulmonary msufficicney

The wnervattons and functions of the pulmonary circulation are mmportant
factors in these and other examples of cardiac and pulmonary disease

Svmpathenic Cardro Aceelerator I'ibers A special group of fibers the cardio-
accelerator fibers (F1g 1% and 35) wath cell bodses at tevels Th 1 to v exerts
an excitatony efiect on the heatt Stmulating these fibers produces a nise in the
heart rate and an increased contraction of the auncles and ventncles Section
ing these fibers or blocking them with ergotamune far example turns the heart
et to the unhampered action of the cardio-inhibitory mechamssm and the
heart becomes slow ed

Sympathetsc Hypothalamo-Spunal Fibers (Fig 41) A sympathetic cfferent
tract an mg from the postertor hypothalamus has been identifie] by Beattie
Brow and Long™® ¥ Descending wntra pimally to the lateral horn cells the
fibers o1 this tract continue to the stellate ganglion and thence to the cardine
Peu es Interrupting this hber tract or destroning the posterior hvpothalamic
area will abolish the remarkable extrasy stolic arrhy thmua caused by chloroform
mhalanon [t 15 now adsocated that this part of the brawn partiapates in the
regulation of the cardiac rhyvthm (p 121) and that these hypothalamo-spinal
fibers constitute an upper neuron pathway connecung with the sympathenc
reurons which leave the spwnal cord at the thoracic and lower levels

B By ParasvNPATIETIC \EURO\S

Asn the case of the s\ mpathetic disssion the parasympathetic 15 also able
todischarge mama sne or generalized manper Asa rule however therespon ¢
sfragmentary te sestricted to one ot a few regions

Absence of Parasvmpathetic Fibers to Fertpheral Uessels The Preasvop
thetic distribution to the cardiovascular svstem differs from that of the svmpa
:e:f:Dspne the well-established vasodilator action of acets Icholine on the

ilaries of (e Shan and n whe damibs these capillanies as well as others are
zy;ggre;;\b devod of parasympathetic nenes As a matter of fact b ack
?& :ll:,\s :clco ho)ldsh fo the larger vessels Enlargement of the lumen of these
b e :r:‘p : 1:d 13‘ asodi'ator neurons within the ympathetic dunision
ity effes pathetsc constrictars or by chemical substances with 1

P
Mor{:fchcte':il Pa}r\as)n:‘i-ih:hc Vasodilalor Nertes 1o the Skeletal Vuscnlature
ot gtw;ui p:r;‘" :dutt\cd attention to the ewstence of a so-called
::’35915 R sLn\e(:\np:\is::iefﬂe;_‘}:?b?“]“h asasoditator actionon the

™ Grttzner and PN 1.F\] o arher publications by Stricker
= Ranton sl 1 ehtmar o‘ml Hasterlih, and Biedl ™ Werailoff
denlt yath thege fﬂ;ers ayliss ' and Hartman Blatz and hailborn
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Parasvmpathetrc Cardio Inlubitory ibers 1ree of controv ersy, however, 15
the function of the parasy mpathetic cardio inhibutory fibers (Tig 18) Stimula
ting these nerves exaggerates the mhibitory or slowing action of the heart rate
Removing the opposed influence of the sympathetic accelerators markedly
retards the heart rate, but ths 1s temporary The administration of atropine
or severing the parasympathetic cardio mhibitory fibers releases the unre
stricted action of the sympathetic cardio accelerators, and the heart bexts
faster T'or details on the finer distribution of sympathetic and parasympa
thetic fibers to the mntnnsic cardiac structures see Otto," Rothberger,!! !
Wiggers % and Drury and Machenzie %

Parasympathetic Constricltor 'tbers to the 1 essels af the Heart Although the
nervous regulation of the coranary vessels of the human heart 15 still a subject
of study and cven controversy, the general consensus based on expenments
in dogs 15 that these \essels are constricted by vagal fibers (Anrep  * Rem,"
Wiggers?®)

The parasympathetic as well as the sympathetic nnervations to the coronary
vessels have a direct bearing on the blood supply to the normal and abuormal
heart The nervous controls of the heart as a whole ~re concerned with more
than the regulation of its blood supply These controls operate also on the
mechamcs of the heart, e ,, changes i frequency, minute volume and artenal
pressure and these are factors which influence the load imposed upon the heart
and more especially the metabolism of the heart

The basis for judging the adequacy of the coronary circulation 1s not merely
coronary flow n relation to the work of the heart but coronary flow in relation
to the oxygen consumption of the heart This hns been stressed by Gollwatzer
Meter and Rruger @  Therr conclusions, the result of studics of the nervous
influence on the metabohism of the dog’s heart, may be summanzed as follows
The coarse adjustment of the coronary supply 1s accomplished by the aorttc
pressure, more delicate adaptation of the coronary flow 15 1ttained by theauto
nomic mnervitions to the coronary vessels Stimulation of the sympathetics
and 1drenalin 1njection greatly incretse the metabolism of the heart However,
both factors augment the coronary flow especially as a result of the elevation
of arterial pressure Tlus increased flow 15 marked enough to offset the danger
of any imsufficient supply of oxygen to the normal myocardum

Stimulation of the vagus and of the carotid and aortic inhibitory reflexes un
doubtedly depresses coronary flow but even more marhedly the metabolism
of the heart, as a consequence, these inhibitory regultions never result ma dep
rivation of oxygen to the normal heart Two conditions 1 particulir may
threaten the essential oxy gen supply to the normal heart a marked fallin sys
temic blood pressure causing an unfavorable disproportion between coronary
flow and oxygen consumption, and an acceleration of the heart rate lewding to
anncreased cardiac oxygen consumption without a parallel increase m core

nary blood supply



THE AUTONOAMIC REGULATION OF CIRCULATION 9>

wl bhshed exps tal findings emph the important con
s\:e::\s\cu:t\h;\ svnergic actibes of the sympathetic and parasy mpathetic n
nerva tons ta the coronary vessels play their part in safeguarding the oxy fx';cn
supply to the heart The autonomic nerous controls of the coromary flow
<hould also be taken mto account 1n evaluating the concept that anoxermma of

art muscle »s the cause of anginal pam

‘he}’};as\: pathetic Consirtctor Fibers to the Hepatie Veins Mautoer ™~ \aut
ner and 11039 ¥ and Molitor snd Picht beheve that parasympathetic con
strictor hibers supply the hepatic vems Tt s of interest that the blood v essels of
the pancreas are supposed to undergo parasympathetic constriction as n the
case of the coronary vessels (Tora di cussion of thennersation of the eplanch
nu vascular system seep 121)

C RIcEPTOR APPARATUS ¥OR INTRRNSIC CIRCULATORY REFLEXES

{sterral or Stno- Tortic Receptors A group of specially differentiated receptors
\sinuses) 1n the aortic arch and at the bifurcation of the common carotid arters
are considered part of the autonomie nenvous svstem Vanations in arterial
pressure as well as chemical stimuly ey oke reflex adjustments 1n the airculation
at large through these receptors Intnnsic reflexes are also mtiated by rerep-
tors dLserinated n the walls of mam othet vascolar channels—the vena cava
the aunicles and the pacinan corpuscles of the mesentery, The ¢arotul and
aottic sinus receptors constitute two main stations for the mtiation of intrinsic
refleves Of these stations the aortic situated 10 the aortic arch 15 the major
(Fg 14

lortic stns From this nerve plevus or sinus a nenve 1scends to the vagal
trunh ganghia and nerve dendrites enter the meduda Inlower forms this nerve
branch Lnown as the depressor of avrtic nesse and deardy desctibed 1n the
abbit by C(von and Ludwig® 1s readdly Wentifiad Its delineation 1n man 15
difficult Some authortties are still 1n doubt about its ongin and whether 1t 1s a
sympathetic or parasympathetic structure However the present consensus
holds the nerve to be vagal
(s et mandetons B oot dprs
blood pressure which fullmsse(cnauanli‘fxih y ﬂ[’{\tlﬁ e s efect on
Thas nerse comvens afferent iy e porcon depresor nerye
pulses registered at the aortic receptors Witk

That dey essor mamfestations i general may, some
tmes bane a sy mpathets
ong s surgested 1y 3 ma Led declne 1 blood pressure seen to follow {he cut:\:d r:(n (:f«’)c.
38 tTke*) The same phenomenon had been nated by von Be :

ctche™ n certam expenmenta)
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trigger ke readiness, the aortic sinus reflexes can be touched off and alteration
n systemic blood pressure, as well 1s other cardioyascular responscs, follow
These responses are depressor 1n nature and therefore cholinergic, but 1t has
been clumed that pressor (adrenergic) rexctions are sometimes imtiated by the

! u[lVIll

al al arotda tery

Zie v
nedal gangl on of T

a tdsrusn

caof d body

aofd au

ao fa

v ght aur ele

F1e 14 Swo Aortic Sinuses nd Thar Connections

aortic receptors (Danielopolu*) Because of 1tssensttivity nregistering fluctua
tions of mtr aortic pressure, the aortic arch may be compared to a sensttine
tambour ‘Most phystologists agree that the varmtions i aortic pressure asi
as the chief provocative stimulus for the aortic sinus reflexes (1 cr\:om,m
Hering ™ * Baylss ' Heymans and Ladon * Adnan ! Verzar and Peter,
DeBurgh Daly and Verney,” ¢ Bronk ™) but Lyster and Hooker® were no]t
able to confirm this An ‘aortic body” or glomus reactrve to chemical stimult
has been 1dentified at the basc of the heart (Nonidez'*)
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Carotid stnus Lyrng at the ork of the comtman carotid artery a::lidg;\;r:é
nse 10 Tesponses sunilax to those of the aoruc receptoss mlc f:l(d; | s
tors sensitnve to fluctuations marter s
e st s A pressure affect the carotid sius
hemical stimuly \ aptations 1n artenal pr
2:'1‘::tsm;\nepkm eensine 10 chermical change are alleged to reﬂdt :in a
5¢] Ir)a\wsgm the warnediately adjacent carotid body This arf:\ngem!:x“.J cdo:
ng? hiold for 28 speces The caratd body bas been thoroughly descn v
Seyfong 1Y
A ;'\:;vf ‘s stous of plexus 4 carotid neve travels ups ard mnto the glosso-
aryngeal nemve and together with vagal connections reaches the medully
‘zﬁ‘xg 14) Thesupenier cenvical sympathetic ganghon sendsanefierent nerve fil

Tig 3% -\ typical Jepressor curse of Ylood pressure upon excitation of the aortic or de
pressorvene The drum was stonped 1n the o Al the cutve and the exataton mantamed
for seyenteen minytes Thel neof k

35 30moui e thanshown here Time
n [2second Intervals Record to b read from left to nght (Bayhss The | asomotor Svstem

Lonfon Loyemans Green 1973 R n.d o coms Yacieod Physioke gy in Modern Medicne
fibed St Lows Moshy 1938)

ament {0 the snus Destrved by Henng ™ % later by hus coworker hoch™ 1
and by the Belgan group of i estigators headed by Heymans & # # the cato-
#id s1us a3 2 Tegulator of crculation hash eq theadject of a greatdeal of study
As e hall see 1n 3 moment W can g e mse ta depressor or pressor mandesta
tons

A fall w caroud swus pre ute s followed by vasotonstniction of atmos*

even vascular eswoust 3 the body Thevasoconstriction reputed to have been
olsened mn the following structures 1n the 1

vessels M ff 1
Heymans Bouckaert and Dautrebande™ * i the head Heymans and I;outk
aert™ w thelver Heymansand Boy, kaert® 1n the retinal arteries Collwitzer
Aeter and Schulte®® (Muchadl and $anrea™ clatm that a lowered pressure m
the carotid 3w es produces no change i the retinal y essel although a general
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fall 1n blood pressure does alter the retinal vessels), in the femoral vens,
Heymans and Bouchaert® mn the intestinal vems, Ileisch® § \asoconstnc
tion has alsd been reported 1n the coronary and pulmonary vessels, but this 1
questionable, since sympathetic stirnulation and the consequent rise 1n blood
pressure tend to augment coronaty blood flow

The generahzed effect of the carotid sinus on circulation also takes a depres
sor form, most of the vessels of the body undergoing vasodilatation, a fall m
venous pressure may be marked Hering™ ehated this type of vasodilator
reaction by stimulating the carotid sinus

Differences n vasoconstriction and 1asodilatation occur in different ammals
and under varied conditions of experimentation and this 1s also true for the
reactions set off by the aortic sinus Both the carotid and aortic smus reflex
mechanisms are not only physiologically analogous but they possess common
anatomic features Both sinuses do not arise from the heart but are developed
from the primiti e branchial arches, 1n both sinuses the nerve fibrls are alleged
to be of 1 type found nowhere else (de Castro™ ®) Tello (') made 1t clear that
the aortic nerves develop at a later state of embryonal hfe after the aortic
arch dernved from the smistral fourth branchial vessels, 1s well differentiated

Cerebral Circulahion At first the cerebral vessels were not considered to be
under the pressor nfluence of the carotid sinus (Heymans and Bouchaert®),
but this original premse has given place to an opposite opinion established
by Bouckaert and Jourdan 5 The crrculation of the bram 1s profoundly affected
by the general airculation, and vice versa It 1s therefore not surprismy, to find
the arteries of the head mvolved m reactions associited with 4 drop in genertl
blood pressure (Anrep and Starling 3 Hevmans and Bouchnert *) Cuernsey,
Wetsman and Scott™ observed that the effects of incrensed intracrantal pressure
were dimmshed by the carotid and aortic refleves (Tor the blood supply to
the brain consult The Circulation of the Brain and Spinal Cord A Sympo
sium on Blood Supply Research Publ A Nerv & Ment Dis Vol 18
1937)
The circulation of the brain 1s protected by the reflexes of both the carotid
and aortic sinuses A striking example of how the aortic sinus may guard the
cerebral blood supply 1s illustrated by the ox, in whom this sinus lies at the
origin of the vertebral artery which carries blood to the arrcle of Willis (de
Castro * van Damme") The significance of an adequate blood supply to the
bramn may be witnessed n experimental procedures on nonhuman species
W hereas bilateral ligation of the common carotid arteries 1n mn is fatal this
procedure n the goat merely produces a prompt though temporary loss of con
sciousness thevertebral artertes in this animal ndequately supplying the bramn
The ancient € rechs were anare of this reaction 1n the ot Bilateral igation
in the cat hardly disturbs the animal the 1ortic nerve plexus and vertebral
arteries protecting the cerebral circulation
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The regulatory mfluence of the catotd swus on the braia \! lTicl ml,: g“::"::’l;
and surely m man s far from neghigble Indeed the carotid st Y )
called the wnaich dog of the cerebral cweculition However 1t 1s ot the :u e
guardian Inman anwmportant tesponsibility of this stnus1s the compensation
1y reflex adjustraents for the change n the force of gravity which accompantes

t posture
‘h;:‘:;ny;sp«m \f not altogether, the carotid sinus may besad tobe cn‘:n
plerental ta the aortic This 15 borne out by the «wnple observation that
tilaterat denersation of the carotid sinuses still leaves the animal with prac
tically all ats +1tal and extensive cardiovascular regulations

The carotid snus refleves are responsible for a vanety of activities. These
are expressed as changes in the rardiwo-nhibatory center 1n the center regulating
blood pressure m the center controlling, adrenalin discharge m the respiraton
center and perhaps in some center or area which may govern the onset of

sincope Asa rule al) or most of these effects will oceur at one lme butma
numbet of mstances only a few ar even a smgle mamfestation may be present

Depressor STamfesianons of the Caronid Snnis A sudden elevation of local
blood pres ure either sp or following comp at the site of the
sinus witt usher n depressor reactions (Nig 16} The heart rate wall vers hlely
be retarded the general blood pressure will fall as a concequence of general
vasadifatation the secretion of adrenalin becomes mhibited respirations will
he inhtbited and sudden syncope may be part of the picture

In comparatnvely rare instances syncope alone appears after stmulation of
the carotid sinus The absence of concomitant cardiovascular reactions in this
connection as reported by Ferns Capps and Wews ™ suggests that in some
cases afferent impulses from the carotid simus may be able to travel directly
to an ndependent part of the bram concerned with conscrousness

Such z possibilny raises the thought that syncope may not afwayvs be an
expression of cardios ascular depressor phenomena and that 1t 15 perhaps medi
ated by a reflex arc well outnde the centers assocrated with cardiovascular
regufations By the same tohen the solated occurrence of cardiovascular
mantestations 1e  bradycarda or a sudden hypotension fotlow ng carotid
sinus stimulation may perhaps point te the existente of ndn idual wroups
of afferent neurons connecting the caratid staus to specific medullary centers
for each of these responses

Chinical observations have estabhished that mechanical stmulation of the
normal caratd stows brings on a prompt fall 1n systemuc blood pressure of less
than 10 mm Hg Ths fall 15 exaggerated if the smus 1s hypersensitin e Theee
1ypes of chinscal cases have been wlentihied {1} cases of asystole or suddes

retardation of the pulse with or without z drep 1n svstemie blood rz-ss:xrn
1 cases of marked fall 1 “ystemic blond pressure without m:\rkcdp sl .

of the put e (3) patients with a change 1n cerelrat crrculation o

associated with
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fanting and sometimes with convulsions with or without a pronounced effect
on the heart rate or blood pressure

The syndrome associated with hypersensitivity of the carotid sinus hay
been attacked surgically, or by applying a Jocal anesthetrc, and often with
success Deneration 15 carned out by resection or by chemical measures In

Fic 16 —The effects of external pressure on the left carotid sinus of a dog under chloralose
anesthesa Apnea and hypotension resulted (Macleod Physiology m Modern Medicine 8th
ed St Lows Mosby 1938 Record made by € F Schmidt and reproduced wath hus hind per

pmssion }

some cases It 1s necessary to remove the carotid body The following are two
cases with faurly characteristic reacttons

A case of carotsd sunus syndrome exhibiting asystole and sertigo M R a male patient at
Montefiore Hospital aged 52 had hvpertension of at least seven sears standing His blood
pressuce Tanged at levels of about 240 systahc and 140 dustolic He also had emphy ema
and hyperactive refleves the latter as & restdual manifestation of a right hemplegia suffered
sn Apail 1941 In Aupust of the same Year he was stricken with a left hemuplegla In recent
months he developed marhed dizziness when lymg flat 1n bed and turning Tu» head to one
side The nght carobid sinus became extremely seasitive setting off asystol- and dizziness
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| on sheht pressure but without Yoss of conscrausness Ths reaction as a Mule was ac
patued by blanching of the shan of both sides of the {ace

Lead ?~comtemous sinp Normal

Fio 17 —Eff
of the pacemfk:: ::Z;Ez:t?l Carotid Stous Pees uce PauentS M Netethe § gl
the S\ node (2 e $ A node to the aundle (1) and L\ node (3 © | placement
e (2 3) orsinus block The PR mterval (4} 15 wncreased  (3) wath depresson

A cwse fearond s ns
yrd or &tk
LS 2 male aped 68 epressor react m of the b od
hypeniennen v}n rea 1:?:::‘:‘ ll“?;hfm‘f’ou Hocpital in 1934 for :"::’::":r"d ’;"”‘ o
n 1935 for Iyarthritis and
speils mbated emmstac pain an! f .
‘without «armsng and of bie durars Dpn A ;rl:‘l:e vec‘:rlulnnul of dizzy
Ppital record states

A oY
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he had an advanced generalized arteriasclerosis polyarthntis and hypertension Readmtted
recently 1t was obsersed that he experienced numerous episodes of sudden vertigo often n
conjunction with anginal seizures but without loss of consciousness Similar attacks were
preapitated when the head was quickly turned to one side and also when external pressure
was applied to erther carotid sinus I ressure over the right carotid simus for example 1nduced
a drop in the blood pressure from 162/88 to 130/66 and a lowing of the pulse rate from 8
ta 60 but 1 nise 1n the respirations from 20 to 24 excursions per mnute

Pressor Wamfestations of the Carotid Stnus An abrupt fall m blood pressure
at the site of the carotid sinus sets i motion pressor activities This sudden
lowering of the local blood pressure 1s not to be mterpreted as causing stimult
which call forth pressor effects On the contrars, the drop in blood pressure
merely makes 1t impossible for the sinus to recene 1n adequate quantity or
ntensity of stmuli essential for preserving 4 normal level of systemic blood
pressure or 1n increased local mtravascular pressure essential for evohing 1
lowered systemic pressure A lowered blood pressure 1t the sinus brings about
a cessation of depressor stimuli and as a consequence evokes 1 pressor response
The pressor reactions are as follons the heart rate 1s quichened, the general
systermic blood pressure mounts 1s a consequence of 1n increase m general
penpheral constriction, the output of adrenalin 1s augmented, respirations are
stimulated, and the blood reservoirs, as a result of contraction of the large
vems are apt to become emptied In contrast to those called forth by stmufa
tion of the carotid sinus these effects are adrenergic in nature

The primary function of the carotid and aortic sinus reflexes 1s to help pre
serve the fundamental the so called restdual or resting vagal tone of the circu
lation But 1t would be more correct to look upon this residual tone as a norml
state of function achieved by the actinaty of reciprocal innervations It s con
cenable that in some indniduals the carotid stnus reflexes may consist pre
dommantly erther of cholinergic or of adrenergic actrvities This might oceur
if the specific afferent neurons m question, from the sinus to the medullary
centers were ncreased in absolute number or if the normal number of erther
group of fibers was reduced The posshility of mterplacements or interfacing
of adrenergic nd cholinergic fibers has already been alluded to but this seems
to be 1 very rare possibility m connection with the carotid sinus With regard
to the depressor nerve howesver anatomic devsations leading to 2 preponder
ance of vagal or sympathetic neurons 1s not unknown Damclopolu®! described
combined vagal and syvrapathetic fibers m the depressor nerve of the dog, he
attributed the retardation of the heart to the action of vagal tibers and the
change m blood pressure to that of sympathetic fibers

D ‘Eenous InTRINSIC RFFLENES

The v enous channels also contain receptors for mitiating s stemic c:rcul;xto:':y;
changes Evamples of thisare the Baunbridge reflex® and the McDowall reflex
They are the equitlent of ntrinsic artenal refleses The Bunbridge reflex
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» montfest when a sudden elevation of \enous pressure, acttn,, upon the re-
xptors n (he auricles and 10 the farge vems canses an accelerition of the
heart rate by contrast a depression of venous pressute causes slosing of the
heart High venous pressure 1s saud to cause stimulttion of the cardne svmpy
thetics

The McDosall reflex alvo compries vasomoto! reaciions attendant upon
\anations 1 venous pressure A fall i venouy peéssure as after hemorrhage
sele 1 motion & vagoprescot fedex and the artenal blead pressure will begin to
e Ina fater publication McDowall® went onta show that this vagopressor
reaction 15 10 evidence after severe hemotrhage even w hen the artepal as
well as the venous pressure drops With the telum of a mountmg levél of
~enous pressure 2 reflex sumutation of the vasoconstncior mechantsm accuts
and axternf tension rises L enous hypertension thetefore seems able ta induce
a reffex vasomotor constriction The pressor pathway for this act probably
begns n the wght aundle According to Reed and Layman'® the McDonall
reflex will not always come off

X abyrin k refler described by Spiegel % represents 2 specialized reflex
Stmutation of the fabyrinth by calone or galvame stimul of Ly sotation
mauces a falf in hleod pressure by a mecharism swnlar to that evoked on
stumulating the acttic (depressor) nerve The labyr.nth reflexacts on vasomotos
certers and mamly on the splinchnsc vessels The afferent pathway ss by nay
of the vestibular nerve (Fig 18) An oculomotor refles brought on by pressure
on the eyeball also causes a genersbzed fall in blood pressure

E Perrenerar REGULATION By MEANS oF EXTRINSIC CARDIO ASCULAR
REFLEXES

Extrinsic refleves constitute a group and ther activity 15 meduted without
seeentons and waehaut aay hnown neurons Although possessing no anatomic
feceptors 1 the vascular apparatus the extrinsic type of reflex may neverthe
fess hiave 10 be grouped under the functions of the 2uta=one nenous system
A vaniety of reactions lasgely evemnal but awo physical and mechaniea)
tahes place in the tissues of thebody and the effects are reflected 1n the hetmod,
namics of the rculavian By their lability and thetr dependence on prer {
fevels of cheraical and physical conditions Teactions of tms lyp:’ 1:2“:5; ;
:h\s\olvglc sense are nightly designated as refleves Whether these renmmz

onever are ever completely mdependent of a direct conttol by th
Terou system cannot be sad v fhefutonome

Homnones and othier themacals act
events going on 1 the tissies byt [o:qaﬁ]c“:‘{;::anf\l\neg ;C\:'le 0‘{ e
: ;gx::tt::e;_www € flertous system  Metabolites 1 de!\eti:::d “czﬂx‘lx‘:;
e Preparanons for mstance can stilf infuence the reactn st f

12 the and the ot

Alatar coners & nown thal metabolic functions are egulaty
\mee 3% s \nown that abolie funet: lated
V] 1€ e
m
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some manner by the hy pothalimus, the suggestion 1s ot out of place that the
autonomic nervous system, especially the higher centers mcludmg the hypo
thafamus, may hve 2 hand in gov erning the chemical refleves of the circulation

pho !erﬁ?r
L 1 hypothalgmus
anteriof -
hqpeortlh(;lamur'?\"i TN
7/ \_q____d scendin,
A4 ) symeothetit
{ber tract
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( chermcal irhayaces
_{u:tmg on the
t—' medullary

carotid
vosemater cerfer

T vagus — )'E? ‘1 ht
& -
" 2
FOnede s ricle ympatheti
occelerators 3

v npde f

\\L vent

Fir 18 ~—Schema of the \utonomic hegulations of the Cardio Vortie \ppiratus Cortical
and hy pothalamic elements desenibed in the texe (p 10} have not been included w0 his
dea g The basis for the intrmsic caraac connections as drawn above rests atmost whally
on pharmacologic esidence The antertor 1nd  po teror by pothalimic regions appear o

give nice Lo general cardiovascular e Teets

The mdrvidual needs of the body must be satisied by the dehnery of 1ppro
priate amounts of blood to the various tissues 1nd organs Al tissues and
every organ obtains 1ts allotment of blood while the blood stream as 1 whole
with 1ts complicated gradients of pressure yvelocities, €tc  PUT=uLs 1S course
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30 optimat Jev el of efficiency Al thisis achieved by a large group of extnnsic

::d mfxms\c cardovasculat reflexes and by the closely alhed processes of
tion and metabolsm

m&?nn:t and mtonsic refleces confes upon the cireulation an abihity to
preene its rorral internal equilibriom but also to meet abnormal conditions
w1 hun and qutside the bady  For example, the crculatory changes ushered
n by hemombage shoch or the severe loss of fluids, consist of a correlated
wteraction of both sets of refleves 4gam theadaptation of the bods ta external
temperature 15 largely the result of reflex actnities of the irculation The
blood pressure and other hemodynamic states are presert ed by a cootdinated

goup of fractonal se Jocalzed autonommc reactions aching upan the
entwe Gureulation

Autonomic Central Controls

Beautsfully adpusted and interloched all the features described above ate
cop dinated mte 4 smeothly moving cham of events In this coordination
central stations of the autonomic nersous system plav a promtinent pars
Throughout the neuraxis—in the corter 1 the spinal cord especially in the

tufbar and pontine regions and m the diencepfiaion-—spatual units for carduze
and vasomotar activities are found

A C(orricar Burpsr axp Spnvat CostroLs

The cancept of special centers iy the bramn for tontroling blood 3esaels
first came from S Y 15 The credit of actually discovenng such a central
arez belongs 1o Ludwig and hus pupils espectaily to Owsjannkon B s ho iden
tibed 3 center in the medulla of the rabbit It was Jocated near the fourth
rentrcle above the Lp of the calamus seoptoriss The clasaic studies of
Ludwig and Ius pupils on rhombencephalic vaseular eontrol are almost unier
ally accepted although afen Uhe Mullerand Glaser ™ and Scottand Roberys™
disagree

An ammal with s atzet rhombencephalon separated from the mesen
cephialon wit preserve ns fundatnenta) cardiovascular responses pracucally
und turbed Obvionshy  tre mndispensable central regulation of the cardio-
vascular pram\:s\must he below the mesencephalon Though nesther cortex
80T even diencephnlon are absolutely o +
e e .:d e utely mecessa y  * must not be coneluded these

Cortrcal Comtrol  As eatly as 185> Schff of
heart rate follo sing stimylation of the fra~ a!b:h:sﬂa:\? !:Clte:kg::l(‘ Q(C"‘é
obtamed the same result Bochefontam  *.)so faund changesin blood‘ —
and heart mte on stnstanon of the corter he stated that hus teache {‘ e
was anare of this reaction even before e humselt published g o pan,
Edlerburg and Landois™ # poted changes in th f. it
of the cartes and changes 1 bleod pressure w ety i

ere veported by Bechterew and
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some manner by the hy pothalamus, the suggestion 1s not out of place that the
autonomic nervous sy stem, especially the Jugher centers 1ncluding the hypo
thalamus, may havea hand 1n governing the chemtcal refleses of the cirealation
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16 18 —~Schema of the Autopomic Pegulations of the Cardio \ortic Apparatus Cortical
and hypothatamuc elements desersbed in the fext (p 105) have not been incloded o bis
drawing The basis for the mtrinsic cardiac connections as drawntabove rests almost wholly
on pharmacelogic evidence The anterior and po 1error  hy pothalzmuc regions appear (@
give nse to general cardiovascular eects

The indnvidual needs of the body must be satisfied by the delisery of appro
priate amaunts of blood to the varous tissues and organs All tissues wd
every organ obtans its allotment of blood while the blood streim 16 1 % hole,
with 1ts complicated grrdients of pressure velocities etc, pursues s course
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Mislawshy,” and by I'rangots T ranch ¢ 8 Dusser de Barenne 1nd hlemhnecht™
observed a nise or fall in blood pressure on stimulating different areas 1n the
region of the sigmord gyrus Although motor reactions usually accompamed
these vasomotor effects, the latter sometimes were elicitable without the former
More recently, Culton® obtamed chinges m artenal pressure on stimulation
of the motor and premotor cortical areas Hoff and Green® and ( reen and Hoff ?
described changes mn blood pressure from cortical stimulation i curanzed and
noncuranized animals These observations pointed to cortical effects on blood
pressure and on muscular hyperactivity (convulsions) which were independent
of each other On sumulating the orbtal surface of the frontal lobe 1n cats
and monkeys at an area 1n the orbital gyrus near the olfactory tract, Bailey
and Sweet® registered a nise 1n blood pressure, as well as nhibition of respiration
and a decrease m the tone of the gastric musculature

Chimcians long suspected that pathologic changes in the corten might be
accc 1 by d t of the systemuc blood pressure Observations
on blood pressure in acute hemiplegias by Kahler'® and Popper'® did not
furmish convincing, evidence of such a relationship On the other hand, Bucy °
noted the absence of blood pressure and ridal pulsation on the contralateral
sule promptly after cortical lesions, the unaffected side remaining normal 1n
this respect Such findings w ere absent 1n chronic cases of hemiplegin According
to Bucy, the vascular changes on the paraly zed side were due to a generahized
constriction of the vessels on this side

The effect of cortical stimulation on artenal blood pressure may be seen m
g 19

Bulbar Control The bulbar or medullary mechamsms for vasoconstriction
and for vasodilatation are usually regarded as a single or common v1somotor
center However, the separate identity of exch of these phystologic functions
cannot be questioned nor can therr intimate and reciprocal interrelationstips
The vasoconstrictor apparatus 1s characterized by a constant tonic discharge,
the vasodilator nerves exhibit little or no tonic actinity In addition to this
vasomotor region, the rhombencephalon contams the cell bodies of the para
sympathetic cardio mhibitory fibers I'mally, » hereas the lower neurons of the
sympathetic accelerator cardiac fiber pathway ansing the grey matter of
the lateral horns of the higher thoracic segments have long been dentified
1t now appears that the upper neurons of this pathway may consist of fibers
which orginate mn the hypothalamus and descend intraspinally to the thorecic
levels (Beattie et al 16 1)

The association of circulatory derangements with disturbances in the rhom
bencephalon and 1 the brain 1n general scarcely calls for extended comment
Bulbar wvolvement with 1ts threat to respiratory and cardtovascular functions
1s 1 dread complication, very often fatal On the other hand chronc bu}b«lr
disorders may last for years, provided the repositories in the bran stem l\\ h:(:)n
regulate the activities of these sital functions remun mtact or nearh
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and Sheehan  Ranson et at " Toabat etal 197 and \asserman and Haertig®}
On sumulating the tuber nucles Beattie® obtawned a lowered heart rate an ::
prok of the A\ cond tune The identsf of a are
pansyropathenie zome the antenor hypothalamus, as proposed by Beathie
and s collaboratars has been controverted by Ransan and his schoof, and
Dy Crouch and Etort The latter tould never cbtatnslontag of the heart con
stiction of the pupils abnormal sahvation or other features of cholinergie
exatation by stunulating a so-cahed parass mpathetic area

() Eudence of the eustence of o parasympathelic wone from wlra en riendar
eepersments A certam body of evidence however tends lo support the conten
tonof a parasvropathenc 2one 1 the hypothalamus Dikshat®® clams the
hypathal exeraises a P patt wiluence on the cardiovaseglar
apreratus Upon ijecting acetylcholine mto the lateral and third s entncles
he provoked a mee or falf of blood pressure depending upon the size of the dose
emploved Observatiansof & similar naturewere made by Suh W angand Lim'®
and by Sibver and Morton ™ Much earher Spiegel and Santa’™ had reported
2 lonered blood pressure from the mtroduction of mtmtnn mto the thind
sentnde of rabbits and Cushing® made pianeer gbservations on the para
sympathetic effects in unanesthetized human beings followng the intrasentnic
uhar mjection of pituitrn or plocarpime  Although cettam cholinergic effects
we & manutested the blood pressure was not altered i Cushing s expenments
but 1n a fater paper™* he the onsct of dl

Whie all these results consbitnte atmost postinve proof of 4 central para
ssmpathetic mechamsm  they do not conclustvely prove that the hypothalamus
1s recessanly a member of the brain stations responsible for this mechamsm
The wntroduction of foreign substances wto the cerebral ventricles produces
general and diffuse effects but precse locabization of these {chehnerpe)
Tesposes 8 seareely feasible Motesver even though the corter and the
hvpothalamus induce some effect 1t 15 possitle that the bull, of the cardio-
vaseular responses 3 mediated through centers no higher than the medulla
or the mesere thalon Wokler ¢ Watermin?® yan Bogaert * Fulton &
uthers showed that stimulation of the cotex causes a rise i biped pressure A
s welt knang the hypothalumus mfinences blood pressure (harplus an;

Rred?® 4 Sprepel and Y ashin™ rey
ported that ehmination of th
phalic centers i the cat produced only a transient fal) of blo«;{ presufyimxn

and

0 pressor stimul and to the stumulating effect, of the
A parasympathetic sphere of inflsene

M operation
e
tion m 3 general sense probably does e el

employ such 2 designa
vt m the hypothalamus but ats ana



108 ANGINA PECTORIS AND MYOCARDIAL INFARCTION

Tor example a child strichen with a bulbar form of encephahitts or with bulbar
mvolvement due to the effect of diphtheria toxn, or an adult with damage
1 the rhombencephalon from hemorrhage or inflammation 1s hikely to survne
if the central regulatory devices are still able to function adequately

Spanal Cord Centers Important subsidiary vasomotor centers or, at least,
anatomic treas for the mediation of vasomotor reflexes were 1dentified m the
spinal cord by Goltz et al 77 Langley,! 7 Tigerstedt,’® and Bowen, Coombs
and Pike  These will not be dealt with i this text

B Isrorimirasc Covrron

This control 1s mediated through adrenergic and chol nergic fiber tracts,
by hy pothlame hormonal regulations, by metabolicactivities A hy pothalamic
superyision over the sino aortic refleves has not been established (F'or an expo
sttion of the influence of the hy pothalamus on crrculation and respiration see
HCSSH 81 Slh)

Svmpathetic (\drenergic) and Parassmpathenc (Cholinergic) Manifestations
Spatil elements 1n the hypothalimus responsible for cardiovascular eTects
are not easy to define accurately A functional differentiation of these elements
must ewst, since totally different reactions stem from the posterior hy pothala
mus 15 compared, for mstance with those from the anterior hypothalamys
or the aren Just rostral to the Intter Beattie ' has maintained that each district
of the hypothalamus—the forward 1nd the caudal—engenders a generalized
or mnss actton, and he has gone so far as to 1ssign to the posterior hy pothalamus
a sympathetic and to the anterior hypothalamus a parsy mpathetic character
Netther region, hawever, 1s entirely independent, for example the posterior
may benfluenced by the rostral (forward) area and inhubntory and augmentors
mmpulses from the cortex and the thalimus probably act on both hy pothalimic
districts

(1) E udence of adrenergic and cholinergic  zones i the hypothalamus
Undoubtedly adrenergic and cholinergic manifestations are called forth by the
hypothalamus under experimental conditions and there 1s sound reason for
believing that the normal hypothalamus pirticipates in the discharge of this
dual set of responses Attempts at dentfying a specrfic anatomic locality as
the site of origin for each set of reactions encounter difficulties The proneer
mvestigations of Karplus and Kredl! ! seemed to suggest 2 sy mpathebe
zone or sphere of mfluence ” Iater a region of this kind was delmeate7d m
the caudal hypothalamus by Bard,™* by Beattic and his co worhers 1817 by
Ranson and Wightman ' and by Crouch and Ellott *

From the anterior region of the hypothalamus the following cholmergic
manifestations have been ehictted a fall in blood pressure with the heatt
seldom slowed (Ranson Kabat and Magoun'®), contraction of the bladder
(Beattie and Rerr'®) cholinergic effects on the gastromtestinal tract (Beattie
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and Sheehan ¥ Ransonetal ¥ habat etal 2 and Masserman and Haertig?®)
On stmulating the tuber nucler Beattie® obtained a Jowered heart rate and a
prolongation ot the A% cond ume The v of & cucumnscnibed
parasympathetic zone 10 the anterior hypothalamus, as proposed by Beattie
and bis colisborators has been controverted by Ranson and hus school and
'y Crouch and Elhott The latter could never obtanslowing of the heart con
stnction of the pupils abnormal salnation or ather features of chohinergic
excitation by stunulating a so-called parasympathetic area
(") E wdence of the exisience of o parasympatheltc one from nlrs entricular
experoments A certain body of evidence honever tends to support the conten
wonofa parasympathetsc zone' m the hypothat Dikstut®* clums the
bvpotbal exercises a P path mfluence on the cardwvascular
apparatus Upon mjecting scetylcholine mto the lateral and third ventricles
be provoked a nise or fall of blood pressure depending upon the sw.e of the dase
employed Ob ervationsof a similar naturewere made by Suh Wangand Lim'®
and by Siher and Morton ™ Muth eather Spregel 2nd Sane'™ had reported
2 loneted blood pressure from the introduction of pitwiton into the thind
sentncle of rabbits and Cushing® made pioneer obsenations on the para
sympathetic effects n unanesthetized human beings follon g the mtraventne
ular mjection of preustrin or plocatpime  Although certam cholinergic effects
were manfested thie blood pressure was not altered an Cushing s expenments
but 1n a fater paper®® he mentions the onset of vasodiatation
While all these results constitute almost positine proof of a central para
svmpathetic mechamsm they do not conclusively prove that the hypothalamus
3 necessanly a member of the bram stations responsible for this mechanism
The wiroduction of foreign substances mte the cercbral ventricles produces
gereral and diffuse effects but precise localzation of these (cholinergic)
resoonses 15 scarcely feasible Vloteover even though the cortex and the
bypothalamus induce some effect 1t 1> possible that the bulk of the cardia-
vasculir respon es 15 mediated through centers ng higher than the medulla
of the mesencp halon Winkler 7 Waterman ® yan Bogaert "% Fulton % and
Bl o e s s o Moot prr 3
Aredi® 15 114 Spiegel and Y ash. ‘l‘“ eoorte pressure (Rarplus and
Phabe cesters.n 1 1}; faz . edm reported that ehimination of the dience
produced only a transient fall of blood pres ure soon
compensated and that removal of the cortes alone had no effect on the lovel
of blood pressure After transection caudal to the midbiram the biood Tessure
unseased ot fous 1o Len Tomutes This ncrease of blood pressure was ll:ldcpe;
‘f;“; r:::ru:ax:z ngxdl;ly and was due to sncreased reactn ity of lower centers
by l: ; and to the stunulating effect af the operation
3 does exist in the hypathalamus but its ana
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Tor example, a child stricken w.ith a bulbar form of encephalitis ot with bulbar
mvolvement due to the effect of diphtherra tovn, or an adult with damage
in the rhombencephalon from hemorrhage or inflammation 1s likely to sunne
if the central regulatory desices are still wble to function rdequately

Spinal Cord Centers Important subsidinry vasomotor centers or, at least,
anatomic areas for the mediation of vasomotor refleves were identified 1n the
spwal cord by Goltz et al "™ Langley,' 7 Tigerstedt,” and Bowen, Coombs
and Pike ¢ These will not be dealt with i this text

B., Hyrotrnarsic CoNTROL

This control 1 mediated through adrenergic and cholinergic fiber tracts,
by hypoth1lamo hormonal regulations, by metabolic activities A hy pothalamic
superiision oy er the stno aortic refleves has not been established (Tor tn expo-
sition of the influence of the hypothalamus on awrculation and respiration se¢
Hessil §in 8IL )

Sympathetic ( 1drenergic) and Parassmpathenc (Cholimergic) Mantfestations
Spatial elements 1n the hypothalimus responsible for cardioyascular eects
are not e1sy to define nccurately A functional differentintion of these elements
must evist, since totally different reactions stem from the posterior hypothalt
mus as compared for instance, with those from the antertor hypothilxmus
or the aren just rostral to the latter Beattie * has mauntamed that exch district
of the hy pothalamus—the forward and the caudal—engenders 1 generalizel
or mass action, and he has gone so far as to 1ssigh to the posterior hy pothilarus
a sympnthetic and to the anterior hy pothilimus a parasy mpathetic character
Netther region, hawever, 1s entirely mdependent for example, the posterior
may be nfluenced by the rostral (forward) area and mhibitory and 1ugmentory
impulses from the cortex 1nd the thalimus probably act on both hy pothalamic
districts

(1) Ludence of adrenergic and cholimergic  zones™ 1 the I pothalamus
Undoubtedly adrenergic and cholinergic manifestations are called forth b the
hy pothalimus under experimental conditions and there 15 sound rewson for
beheving that the normal hy pothalamus participates in the discharge of this
dual set of responses Attempts at identifying a specific 1natomc locality as
the site of origin for each set of reactions encounter difficulties The pioneer
investigitions of Karplus and KredI™ 2 seemed to suggest a sympathetic
zone or sphere of influence Later, a region of this hind was delmealf;i n
the caudal hypothalimus by Bard ™* by Beattic and ins co worhers 17 by
Ranson 1nd Wightman, and by Crouch and Elhott *

I'rom the anterior region of the hypothalimus the following cholinergtc
mamifestations have been elicaited a fall m blood pressure with the heart
seldom sfowed (Ranson, Rabat and Magoun™)} contriction of the bladder
(Beattte and Rerr'®), cholmergic effects on the gastrointestinal tract (Beattie
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( Hyrommtaxo Hormonat CoNTROL

Enough has already been stated to indicate that the hypothalamus alonc
Tormonah elernents 1t the pasteniar and anterior pitumtary fobes or the ater
action of all these factors (a hypothalamo-hormonal teraction) help gorern
the resulaton of warer exchange and metabohc processes How {ar does such
a h 1 (hvpothal b i) affect the arculation?

1t 1s quite possible that the hypothalamus may be able to act on the aircu
Tation by seading impuises to the endocrine organs directly, without the mter
\ention of endocrine elements 1n the antenor pitutary fobe for example to
the o the adtenals the postenor prturtary lobe the gonads We shall
ot enter Into ah exposition of these possibihties but any consideration of a
hypothalamo-endocnine regulation of the circulation we fect should not gloss
over a i mfuence as phfied by the action of drenalin,
pitwitrin may posstbls have a sunitar relationship

tdrenaltn This product constncts neards ail the blood vessels of the body

{An exception 1s the vasoddator effect on the coronaries } In very great difution
adrenatin will lead 1o vasodatation of ves el usually constncted b greater
concentrations of the drug During the sympathetic upheaval which folfows the
freemg of the posterar hvpothalamic region from the influence of the cortex
and other partsof the diencephalon adrenalin output seems 1o be sud fenly and
mordinately augmented and the blood pressure level 35 raised This sharp
hypertension 1> 1n strihing contrast to the undssturbed level n the  ablangats
anmal  Just how the hvpothalamus functions 1o increase the adrc:alm
output and elenate blood pressure 15 not wnderstiood Ses eral theoretic passt
bilities sug.gest themselses

Frst the hvpothalamus directly stimulates the secretion of adrenalin fros
the medulla of the adrenal glands or excites the elaboration of the ailed rmT
uet svmpathin at adrenergic nerve endings (In the former mstance thy }‘1‘
thalamus would send ympubses through pregan, hone efferent newron: . (;T‘}‘,)'
impudses could go no further than the adrena) glands 1 the second e
the upul es would be medwted twough preganghiome and o
neurons ) 4 second possibility 1t might be argued entails ;; Postganglion
secren due 1o sino-zomc refleves acting through th:: ;;E;';;ﬂ e
centers and perhape also throvgh some as 3et undiscov :1 medulary
centers Lastly although no proof can be marshalled t cred by pathatama
view the hvpothalamus may actnate an adrenotropic Dssupport ths powt of
Pwtan fobe n Wi way augmenting the dmha!‘ :rement n the anterior
the presence of an adrenotropic hmmO:t mthsh b{g! of advenclin Hosever
demonstsated (Rexss'®) abe has not been conclusny ely

Experanen ol Exdence g
chyned that \htpﬂs\!norhy{m l“ h:{!?ﬁg :ra;:n; drenalen Relationshup Bardr
Whieh temoved from 15 fiaences of nther e L OBkt mechasism

parts of the hy pothalamus ang
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tomic delineatton 1s still obscure 1t may prove to be that cholinergic mantfesta
tions arise in the hypothalamus not 1 any partrcular area but rither as a diffuse
and generilized response by the hypothalamus as a whole

Hypertension accompamed by an mcrease i heart rate has been reported
by van Bogrert'®-1%, and by Jaegher and van Bogaert!% 1% after cutting the
vagus This type of clevated blood pressure was abohshed by severmg the
sy mpathetics or by administering ergotamine Disagreeing with Ransonetal ®
Jaegher and van Bogaert msisted that the hypothalamus contans a depressor,
not a pressor area, 1nd that sectroning the vagus or bloching 1t with atropine
merely removes the actiity of the depressor zone, thus inducing 2 pressor
effect passively According to them, this depressor area lies in the caudal portion
of the [1teral hypothalamic area, and they would not subscribe to any hypo
thesis that so called ‘centers” for cardiovascular regulations exist as distinct
zones or areas in the hy pothalamus

Lhe Ranson school 1s 1n sharp disagreement with this pomt of view Rioch
and Brenner'? reported that stimulation of the posterior hypothalamus of
decorticated cats gnve similar results to these described by Ranson and his
co workers, no parasympathetic zone (depressor area) was made out

The cholinergic discharge displays, as 2 rule, fragmentary’ rexctions (Can
non™) This may trhe the form of accentuating a single function eg, a fall
1 systemic blood pressure, or several functions may be mvolved

“Ouerlapping’ of 1drenergic and Cholinergic Lffects An wtniguing pomnt im
connection with a dual or divisional physiologie reaction of the hy pothalamus
revolves about the query Are generalized cholinergic mamfestations aln1ys
depressor 1n nature, and are adrenergic reactions always pressor® This mght
seern a far fetched, even futile question, were 1t not for pressor manifestations
occastonally taking the form of a cholinergic response, and depressor mant
festations taking the form of an adrencrgic response Cutting the vagt in someé
ammals (von Brucke %) has been known to cause a fall in blood pressure along,
with a slowing of the heart Prhe'! has made similar obseryvations McDowall
found a vagopressor reflex came nto operation when there was 1 marked drop
In the venaus pressure In these examples, 1 depressor manifestation seems to
be associated with adrenergic activity Another example of 1 vagal (depressor)
reaction seemingly adrenergic in nature 1» the slowing of the heartn man at
the height of adrenergic reaction (Hume®?) These paridoxic and unexpected
results are perhaps due to nerve fibers of one chemical system being nterlaced
with neurons of the opposite division or the results miy be explamed as
examples of the mechamsm of rectprocal mnervation (see footnote p %)
On the other hand, 1t 15 posstble, though no proof exists that a common terr
tory, perhaps the hypothalamus, 15 1n & position to ctuse pressor responses b)f
cholerglc activity as well as depressor reactions as an accompaniment 0

adrenergic activity
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actnsty ave demonstrated without much difficulty Titwitnn will slow the he“a‘rl
m man (hountz™?) 1t raises the mean blood pressure (holl and Cetling™)

1t constricts the coronary v essels {Antep and Staces and Goldenbergand I’{’uth

berger®) These last found the effect very marhed in the rabbit Holtz" ob

taned an mcreased coronaty flow n the cat fram pitutnn and 1 produces
splanchnie constnetion accompamed by a reduction of volume of the ner

The dummetian of the sze of the hner 15 associated with a dilatation 1n the
hepatic vens 1n the do, (Mantner and Pich. ™ Lasope and Mehes ™ 1 and
Holtz)

Whereas the secretton of the antidretic prinaiple of the postenor pitwtan
Iobe depends upon the unds turbed conttnuity of a bundle of avons running
between the hypothatamus and the posterior pitwitary lobe no analogous
Aract of axons has been identified with respect ta the secretion of the pituitary
pres ot substance et 1t 1s temptung to speculate about a pitintary pressor
Ingredient which may function under hvpothalamit supen sion to regulate
the large capillany bed and other cardiovascular structures This would be
analagous to the effect achieved by adrenalin on the artenoles and large
essels throu i the wtenention of the hypothalamus Expenmental data
appesr to substantiate this by pothess 1o some degree Thus Schurmey ent®
+ tmessed metanoph n frogs with hypothal punciore and he
attnibuted this 1o a refease of pitwitrin Rarplus and Peczenh™ ¢ simulated
the hypothatamu and obtained the release of a substance alleged to be pituy
tin 10 the cerebrospioal fld  capable of producing contraction of wtenne
stnipes and expansion of melanophores of frog skin

These obsenations howeser do not add wp to convineng corrohoration
f 4 bvpothalamo hormonal contrel of the pressor ingredient of prturtnn

Aeenichodine % briel comment on acelyicholne and on histamune may not
be out ot plie at tius yuncture Acetyicholine 1n some respects the chemcal
Wi e e oo aneeom T e e 2
caanot be clearly detined with reg Arcd ‘:!\:}l)wr;s This associstion honever
The controversy whether ts pmfmn of \h::o . ‘:{ the hypothakimas
scribed  parasympathetic zone  does not w Tm lshm ored with a crcum
that some chohnermr manifestations s Cxpenmental e\ dence
Thess o anse 1 the antenor hypothilamus

reponses and whatever ability the hypathalamus 4s 4 whole ™ay
Dossess 1o produce chelinergic reactions are probably bound up with th
Iiheration of acetvicholive at the nenve endings and affector oy e
gans and with
the tran portation of this chermical by the crcatating blood
Benter™ 2 demanstrated an acet o stream

3 lchotine discharge 1 the frigh
1
hev Trght and other explosie emotional states  sham rage g{u:ned s
have been finked to hvpothalame hyperactnsty Thus the hy ::5;3“‘9
may after it turn out to Le a centeal smstigargr of diffuse a¢ t)lchzi?nc:::;m:l ;
ects
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from the cortey, precipitates a generalized and violent upheaval, a svmpathico
adrenal reaction In his attempts at 1solating the posterior by pothalamus from
the rest of the diencephalon and from the cortex, Bard? inadvertently lelt a
\ventral and posterior segment of the thalamus in situ but attached no great
functional sigmificance to this small residual fragment * A constant accompant
ment of this upheaval or outburst was the occurrence of mamfestations sugges-
tive of a sudden mcrease of adrenalin discharge, ‘sham rage”

Upon stimulating the nfundibular portion of the third ventricle Houssay and
Molimelli®s obtained a nse 1n adrenalin secretion Electrical stimulation of the
fiber pathways passing from hy pothalumic nucler throu,h the lateral hypo
thalamic area also provohed a marhed elevation 1n blood pressure as well
1s an ancrease m heart rate (habat,'® Ranson, Kabat and Magoun ™ van
Bogaert'®) and although it could not be gansaid that the adrenal glands were
an mmportant factor, the responses were elicited even mn the absence of these
glands (I11g 22) Confirmmg the observations of the South Amerncan workers
Magoun Ranson and Hetherington™ obtained evidence of an augmented
dischirge of adrenalin and 1 release of sympithin* into the circulation when
the hypothilamus was stimulated The site of stimulation was the Interal
hypothalamic aren which consists of fibers of the medzal forebr un bundle 1nd
except m the caudal part contains comparatively few cells

On the basis of all this 1t seems safe to accept the hypothalamus as 1 station
capable of evercising 2 control over the adrenal medullary substince The
stimulated secrction of adrenali, as a rule, 15 registered by 1 rse m blood
pressure and by an increase in oxygen consumption and 1n elevation of blood
sugar (Beattie®) Sudden hypertension an abnormal increase in adrenalin,
and hypothalamic activity are therefore probably related

It has been claimed the hy pothalamus 1s 1lso cipable of sending impulses
durectly to blood vessels constricting or dilating them Penfreld and Stavraky*®
believed they saw constriction of pial vessels in the meninges of cats when the
posterior hy pothalamus was stimulated The vessels appeared to be dilated
on stimulation of the ventral arca of the tuber cinereum

Lutdence of @ Hypothalamo Puturiruy Rel hip An analogy may be mide
between a newrohormonal effect on the action of adrenalin and that o the ac
tion of pituitrin 1n connection with water regulation The antrdretic prinaple
of the posterior lobe 15 certunly under hypothalamic saperision But wint
evidence 1> there that the pressor principle of the posterior lobe with its potent
constrictor effect on the vast capillary beds of the body 15 controlled by the
hy pothalamus?

The question 1s more readily ashed than answ ered A pressor substince from
the posterior pitwitary lobe s easily identified and the sites of 1ts cardiovascular

*See Cannon and Lissah® for the mteresting data on the extraction of adrenalin from
peurons of the adrenergic system
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The efects of metabohic actnty, seflected wn the arculation \n;:n ::u‘\‘:c‘?; ::
e tva;z st Genctwnas of the hypothalamus 1re n:! dn :r‘c:c from s xS
certan command o) e
i we Toast vecopze that 2 hon »
::\:\;wﬂ by e m"\g\l\cd artinsties of the hypothalamus and mcnmw)a
f 1ot interse! tups hetween
Extensn e consideration ol
“:n and vespiration 15 hot Within the scope ot this valume
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her subcortical areas and the cortex o
he tpotbafaron  as well as ot
0\:\':!( x\‘:h the penpheral avtonomic sy stem M bestowing vpon the blood

e ren e
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FiC 20 - Abrgg ¢ cle abon o blod pressure wpon Stmulation of Tateral hypathalam ¢
area E s the biood pressore traczg (Ranson babat and Maroun Arch Nearod &1 ychiat
1033 33 #4681

vessel of the body a ronstunt toa ity expressed as a stabilized range of s3s.
temic blood pressure Accordingly we must Jook to the hypothatamus as 3
Paniipant and perhaps m so™e 2 €5 gven as an tstigator of derangements
m blood pressure The hypothalamic reglon howeres 1s not ta be consdered
25 tchpswg m smportance the cardios ascular regulations of the medully 452
sympathetc (a1 statin the h i evercises functions which
Serm to overhado ity patasvmpathetic (choliergic) act ties \Many car -
Vastolar actites are wfluenced by the “ypothalamus but of these chiefly
{hree~blnad pressure casdue rate and cardiac thythm—will be dealt v ith
belaw Uther activities such as the g and emptying of blood depots, and

perhaps the osmotic pressure mas be under autonomie control but no def
fole «an be asugned to the bypothalamu

nite
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at least in the monhey Interesting 1n this connection are Benders findings
that acetylcholine 1s not so ripidly neutralized or destroyed in the tissues as
has been generally believed

Acetylcholine brings 1bout widely distributed cardiovascular effects The
level and range of these effects are m proportion to the size of the dose and de
pend also upon the type of animal employed In general, extensine dilatation
of the blood vessels 1s the rule, except i the lungs, where 1t 1s absent and
n the hidneys where 1t 1s shight (Hunt!® ) \on Euler’ produced a nie
mn pulmonary pressure 1n perfusion experiments with 1cetyIcholine 1n dogy,
and McDowall"? obtaned a similar result 1n the intact cat The rise in pul
monary pressure has been ascribed to constriction of the pulmonary vemns
The spleen, too 1s supposed to exhibit a constrictor effect from acetylcholine
(Farber®”), and as we have already stated the mtroduction of this substance
mto the cerebral ventricles 1s attended by remarhable generalized cholinergic
reactions

Iistgmme This chemical 1s considered an agent capable of modifymg
the perspheral circulation It has the property of cavsing a remarhable fall im
general blood pressure W heninjected mtoannesthetized 1mimal a very exten
sive generahized dilatation takes place Exceptions to this are the pulmonany
vessels and according to Mautner and Pick, =% the hepatic vemns The e
latter v essels are said to become constricted 1n carnivora, but not mn herbivora
As the Iiner vemns undergo constriction according to these investigators it
may be assumed the splanchnic vessels concomitantly dilate An mcreased
permeabihty of the capillartes and of the smaller arterioles 1s supposed to ac
count for the generalized dilatation (Dale and Richards,! Bauer and Richards,"
Burn and Dale®) The effects were observed 1n the dog not in the cat

Of special interest and perhaps pointing to a link between the hy pothalamus
and the action of histamine are the uncontroverted data connecting the action
of this drug, with the autonomic nervous system Hogben Schlapp and Mac
Donald* showed that histamine dilates the denervated puptl and Burn and
Dale ® Lewm and Schilf ™ Teldberg,™ and Machavi¥? demonstrated that his
tamme 1s responsible for an nitial fall of blood pressure followed by a distinct
nise The latter effect has been interpreted as being due to a stimulated increase
1n adrenalin secretion This sequence of events suggests that a continuing fall
m blood pressure, after histamine 1s offset by an esaggerated compensatory
output of adrenalin The adrenal glands, therefore may act to protect the
amimal agaimnst an excessive or protracted hypotension However it has been
alleged that the adrenal cortex 1s more importtnt than the medullr in affording
this protection On the other hand there are phystologists W ho believe all these
effects are specific for histamine Practically all the reactions of the cardiovas
cular system attributed to histammne may be produced with potassum

(Pikelt 167)
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and 22) The greatest concentration of pownts yielding vasopressor reactions
on bypothalamic stimulation was Jocated in the lateral hypothalaraic area in 2
plane directly an front of the mammillary bodes {habat et a3

1n =ddition to vawegustacion Rarplus and hredl obsersed cholmergic
Jeathons te bladder contraction and lacnmation A dissenting pownt of view
was offered by Hoff and Udban ® who stated persistent hypertension came
£5om dessmuctian, not exaitation of the mammllary bodies

Hypatension Stimalation of the antertor hypothalameus the pseaptic area
and the septal region leads to 2 depresston of blood pressure although the
Yeart Tate 15 hot always slowed (Fig 23) (Ranson Kabat and Magoun'™ and

O T "

Fio 22 ~Ruse 1 Blood presaure of ap adreoate
to1
pothalamus (Rarphys and Kreidl, Pfiuger  Arch cm';w;:dsa&';m smilation of the by

Kabat Magoun and Ranson'®) Accordng
g to these nor]
rﬁe!;g:i: gz:; a]:ndxl.ztzuun 1 influenced by the frontal leb:i;sx::ge\\hgﬁﬁm\r
Bhers duge‘t e:!hh) Vallerberg * *' Despite ths localization of a dey rels)so‘
et o Cru ¢ anterior portion of the hypathalamus the Ranson oy
ouch and Elbott™ were not able to verity the o
sp}:pa:‘hﬂlc centers i the hypothalamus  fhe eustance of pasa
0 their recent survey of evperimental n

N vestigations of
L:mtgh:l:;)us Ranson k:ahat and Magoun summarized t::‘i::lﬁ:x\f —
and his associates EX €xp of the hypothal: carmied out by e
s assocates ectrodes were used fo stmulation so const o
e o “um the spread of the effect of the current M N Ss o

ert explored and the reactive pomnts mre!ua Qrf !h:‘;x Ton

ly plotts
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Hypertension  Chnical observers concerved of some form of hypothalamic
supervision of blood pressure Schrottenbach!™ 1% was probably the first,
Leschhke,’ ® and Castex® stressed the same point but substantial proof for such
a concept came only with actual exploration of the hypothalamus The dis
covery that stimulation of the hypothalamus 1s accompanied by an ncreased
adrenalin secretion fitted 1n well with the clinical assumption of a hypothalame
regulatton of blood pressure Bechterew knew of the relation of higher centers
to blood pressure Aschner® had noted an elevated blood pressure when the

Fi6 21 —Rise 1n blood pressure of a hypophysectomized cat upon strmulatton of the by
pothalamus (Rarplus and Krewd] Pfluger s Arch 1927 215 668)

hy pothalamus was stimulated Others who laid the groundwork for the belief
that sudden hypertension 1s an expression of excitation of the hypothalamus
were Dresel ¥ who claimed the mean blood pressure was controlled by hypo
thalamic centers, Houssay and Molnell,?* Rarplus and hreid],* Wang and
Richter, * Beattie, Brow and Long,’* 17 habat Magoun and Ranson 19 Mag
oun, Ranson and Hetherington' and others associated w 1th the Ranson group
This type of hypertension was always transient and was held to oniginate in
the caudal portion of the hypathalamus and, according to Farplus and krex;ll1
was independent of the function of the prtuitary and adrenal glands (Figs
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and 77) The greatest conceniration of powts yelding vasopressor veactions
on hypothalamie stimulation was located 1n the lateral hypothalamic areain a
plane directly 1n front of the mammillary bodies (habat et 31199}

Tn addition to vasoconstnction harpins and krewdl observed cholterge
reacton 3¢ bladder contraction and lacnimation A dissenting pownt of view
w13 offe ed by Hoff and Lrban,® who stated persistent hypertension came
from destruttion not exctation of the mammillany bodies

Hypotension Stmulation of the antenor hypothatamus the preoptic area
and the septal region leads to a depression of blood pressure although the
beart rate 15 not always stowed (Fig 23) (Ranson habat and Magoun' and

PG 22 ~Ruse 1 bloodt
pothalamus. {(Rarplus and

Pressue of an adre,
Krewh Phhuger s Arch 192: 215 668y ool hedy

aleciomzed est upon stimylaty

06 of the hypnthatam
e us the Ranso:
o ar:: Crouch and Flliott* were ot 4ble 10 venfy the eustence of
xp;\h e centers in ghe hypothalamys ne
B thexr recent sy ey of ey
Wpothalamus Ranson Ral " eod Moo

estigations of stimulation of th,
b2t znd A .
taking and systematic expl goun

summarized the results of pains-

and bis assotiates Elcctm\:::t\,\n :l : ' tsedbc Wpothialams carmied out by Rancon
24

€€ 10 2 munimum the spyead e s amulation s constructed as to

f the eflect of
fonty s 32 of the effect of the current More than 7
) cats were elored and the reactise points carefully p;:l}ll:t;l "0
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Many pressor points yielding @ marked rse m blood pressure were elicited
from the most rostral portion of the supraoptic portion of the hypothalamus,
and depressor pomnts m blood pressure were obtamed from the preoptic are
situtted a little more dorsally in the same vicimity Among the latter there
were nterspersed a number of pressor spots capable of setting off a moderate
rise 1n blood pressure

More caudally, about 2 { mm back of the zone just described and 1n a plane
passing immediately behind the caudal border of the optic chiasm, a large
number of pressor points were identified These points were widespread through
the hypothalamus and especially 1n the lateral hy pothalamic area, in the sub
fornical element of the medial forebrain bundle, 1 an area corresponding to

F16 23 —Falt 1 blood pressure following stimulation of the antenor region of th]e
hypothalamus E 15 the llood pressure record (Ranson Rabat and Magoun \rch Neuro!
& DPsychiat 193> 33 441)

the supraoptic commissures and along a line ad)acent to the wall of the ver
tricle The area of the paras entricular nucleus and the dorsomedial hy pothala
mic arca contamned no reactive points, except for a few at the border of the
latter area The aggregation of reactne pressor points suddenly grew much
Jarger at the level of the posterior border of the optic chrasm at the lesel of
the supraoptic decussations the reactive zone touched the mud hne
Continuing still more caudally for about 4 3 mm n the fresh brain that s
covering a distance between the level of the supraoptic decussation and the
level of the supramammullary decussation, many pomts were found 1n lf:l:
lateral part of the hypothalamus which upon stimulition duced a mar <
and abrupt hypertension The mednlly placed nuclei—the sentromedial ar:
the ventrolateral—contained only very few reactive pomnts The same mucxl)
obtained for the rostral part of the posterior hy pothalimic nucleus but at the
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level of the tuber cinereum not quite 3 mm behind the lev el of the supraoptic
commssure Teactive pownts nere considerably more numerous

Tust caudal to this last lev ¢l the zone of reactn e powts gradually extended
dorsally and medually and myvaded the Torel fields and the posterios hypothata
me nudeus as 1t les caudal and medial 10 the Vieq d Azyr tract At the level
of the supramameliary decussation many pressor points lay near the rud hne

The medul mammitlary nucleus contained ho pressor pownts at thislevel (Ran
son et al )

F Hypormarauc INFLUENCE On CARDIAC RATE

The rate of the heart 1s not mamtamned solely by the cardio-accelerator and
cardio-minbitory fibers The Sino-aortic refleses the level of venous pressure
operating through the Bambnidge reflex and the metabohic states of 1he body
are factors The abmormalities m cardiac tate from disturbances set up in the
vagal branches to the heart or m the svmpatbetic accelerator branches are ton
well Lnown to require extended comment The slow heart of an ammal deficrent
1n thyrod hormone ot the rapid heatt of a byperthyrod mdividuat 1 due to
a <eries of metabolic events some of which may be under hypothalamic regu
fation But mn either case retardation or acceleration of the heart rate 1s ac
complished by the of or ¢ mmpulses to the
cardiac pacemaher mechamsim and s a rule through sympathetic and vaga)
cardiac nerves Derangements of heart rate are readily produced by stimulatin,
blodung of severing the vagy these nerves are largely of not entirely under
medullany control Sunilar procedures on the cardio-accelerator fibers also leai]
to abnormalities in cardiac rate These fibers emerge from the upper thomcse
Segments of the cord higher nenrons those travelling mtraspinally from the

braw stem to the intraspmal centers are probably represented by the tract
deserbed by Beattie Brow and Long

Astaraswecantell the varations in beart rate medsated by adrenergic and
cholinergrc smpulses need msolve no centers higher than the medulla But we
should not Yose sight of the fact that ‘anations In rate 1e an iacrease In rate

:m ;;ccux with sham rage and upon stmulation of the postenor hypothala
o

Hypothalamic inpulses therefore may be transmitted to the cardine pace

maker theough the blood stream b
7y means of autonomic chemicals—ad;
(svmpathin) and acety icholine—or th el

e impulses may be conveyed by W
l!\\\al‘amxc tiber connections as yet undiscovered to established adxenergx)c?‘;r
jn:x NETEE NOWIODS 1 e the cardio-arcelerator and cardionhibitory fibers
N lso to the pacemaler Beattie s observation (hat stumulation of the tuber
" m: :| mrlu;:s sllm\ ing o; the heart rate and prolongation of the A} conduction

oAy be wnterpreted as probable ey idence of so
me type of connection by
teeen the hvpothalamus and the cardine pacemaker An effect on heary ntc
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_5

Fic¢ 24 —Electrocardiographue tracings (Lead IT) of a cat

1 Cat under chloroform anesthesta showing ventncular extrasystoles auricular rate 240
per minute

2 After section of the anterior part of the hy pothalamus Arrhy thma remains unchanged

3 Aftter section of the hypothalamus 1n the plane jotning the antenor edge of the colhenls
to the posteriot edge of the pituttary fossa Txtrasystoles are fading out and normal rhy thm
1sappeanng aurcular rate 180 per minute

4 One hour after the effective section showing persistence of regular rhythm

§ [Ixtrassstoles produced by stimulation of the hypothalamus

(Beattie Brow and Iong Proc Roy Soc Series B 1930 106 253)

follow 1ntg extensie expermmental lestans n the hypothalamus was noted by
Watts and Tulton %, and slowing of the heart rate upon stimulation of the
anterior hypothalamus was reported by Ranson and his co workers 16
Fluctuations 1n cardiac rate are frequently due to blood pressure changes
induced by peripheral or central causes Since the hypothalamus 1s supposed
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180
to affect penpheral copstnction (Leschle® ¥ Penfield a‘;ld S\:“::‘A::‘ - )tﬂa;::l (l‘:
11 be that a hypo

roodsfy the output of adrenalin it may wel . bt

ence on pressuce
heart rate 1s 2 consequence of hypothalamuc 1nflu e

chy cardia) are assotiated Wi

Changes 1n heart rate (sius brady cardsa of &
uspu:mn center disturbances (Heymans et al *=*) The heart rate alovanes
with the state of v enous pressure

G HyrorrALONC INFLUENCE 0% CarpLac Ravint

The ghythm of the heart mav be altered by 2 number of mechanisms ot

there we shall touch only upon those 1 which the hypothalamus 15 possibly
heated

m{nlﬁ recently 1t was not suspected that the hvpothalamus mught have a
part m preserving the normal Thythm of the heatt or tn mutiating deviations
of this vhythin ¥1th the discovery by Beattie et al 16-19 of sympathetic efferent
fibers which connect the cardiae plexuses (o the postenor hypothalatmus, 3 wiy
was opened by shich the hypothalamic supervision of thyvihm of the heart
could be studied In addition to these Sbers we shall aleo discuss, although
somenhatbrefly th dio accelerator and cardio-inhibtory fibers the carotid
and aortic tefleves the respiratory center and metabohe factors amy or alt of
which may come under some type of hypothalamic supervision as far as the
cardiac rhythm is concerned

By means of adrenergic neurons fram the postertor hypothalamus Levy' ¥
4 Yorof. b

d that produced activety of
the heart and Beattie et 2} proved that this type of cardiac arthy thmia was
readily abolished by placing destructsve lesions 1 the postertor hypothalamus
orby the

pathetic {ad ) tracts which emerge from this
region Damage or extupation of the antersor hypothalame area did not pre
rent or abolish evtrasystolic arthythma By demonstrating that electrical
sumulation of the cauda) portion of the hypothal. brought on )!
accompanied by a rise n blood pressure the theory of an increased liberation
of adrenalin as the cause of extrasy stales recen ed corroboration at their hands
Inasmuch as sumilar results could be evohed 1n adrenalectomized anmals the

deduction was made that stimulation of the bypothalamus directly enhances
{he hberation of an adrenergic sub tance

By means of the carond and avsise referes These refleses are associated with
ardiac pregulanities Intact the Smo-aortic neurons exert a tonic mhibitory
acuon on the heart under resting conditions Since a blocking or severance of

these nerves 15 ansaered by a decided nse 1 b
eart rate we may be permuti
o assume that afierent mpulses from th e

€ siro-gortic plevuses incite the cardio-
thitory center (n the floor of the entticle) and so slow the hear:
nhihit 1t the fk f the fourth vent; d low the heart
seflexly )

Blocking ot wterrupting the afferent pathways of these refleves <ometimes.
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Fic 24 —Llectrocardiographic tracings (Lead IT) of a cat

1 Cat under hesia showing v lar extrasystoles auricular rate 240
per minute

2 After section of the antenor part of the hy pothalamus Arrh) th

3 After section of the hypothalamus in the plane jorning the anterior
to the postenor edge of the pituitary fossa Extrasystoles are fading out an:
13 appeaning auricular rate 180 per minute

4 One hour after the effective section showing persistence of regular rhythm

§ Cxtrasystoles produced by 1 of the hyp

{Beatue Brow and Long Proc Roy Soc Senies B 1930 106 253)

mia rematns unchanged
edge of the collcult
d normal thytbm

by

following extensne experimental lestons m the hy pothalamus w15 noted it
the

atts and Fulton %, and slowing of the heart rate upon stimulation of

anterior hy pothalamus was reported by Ranson and his co workers '
Fluctuations 1n cardiac rate are frequently due to blood pressure changes

induced by peripheral or central causes Simce the hypothalamus 1s supposed
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brings on an extrasystolic srregulanty, the extrasystoles oniginttig m either
or both ventricles, 1 termmnal ventricular fibnillvtion sometimes occurs Once
estibhished, the extrisystolic arrhy thmi is quickly Abolished by cutting the
adrenergic fibers which descend from the posterior hy pothalamus, or by section
ing or piralyzing with ergotamine the adrenergic eardiac mners wions which
leave the spinal cord Abolishing extrisystoles by removing the mfluence of
these tdrenergte cardiac fibers implies that v hy peractnaty of this mnervation
mav be related to the cardine wregulanty It has therefore been suggested that
the afferent mhibntory (vagal) impulses, which are propagated by the smo
1ortic nerves, contribute to mamtaming 1 normal cardiac thy thm by opposing
or in some other way mfluencing the drenergic crdine nerve fibers

The sino aortic refleves, however, are medinted through the medully, so that
the rrrhy thmias of the heart 1ssocinted with these reflexes iclude the partict
pation of medullary centers connected with the sino 1ortic nerves No esidence
has been adduced thus far of these reflees pissing through the hypothalamus,
the arrhy thmtis of simo ortic ongn, therefore, ctnnot be ascribed to any
hyvpothalamue intervention However, since the postertor hy pothalamus has 1
well defined cflerent sympathetic fiber tract which participates in the provoca
tion and prevention of extrisystoles, the question m1y be left open whether
this tract or the hy pathalimus iself mty not be related to the neurons over
which the sino aortic reflexes are transmitted

Throuph metabolic actiutties Cavdhac irrhy thmias accompany abnorntil meth
bolic states, auricular fibnillttion 1 hy perthy rowdism 15 an example of thes
The hy pothalamus in some indirect w1y may be imolved by vartue of the role
1t plivs i muntunmg metabohc states but this agun has yet no basis
fact
Through changes i resprration Disturbances of cardire rhy thm associated
with chinges mn the respiratory center tre 1 matter of common observation
The hypothalamus, s we hive observed 1s related to metabolic processes and
for this retson perhaps nfluences the respirttory center
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SECTION THREL

Autonomic Pathways for
Cardiac Pam

CHAPTER V1

Penpheral Pathwavs for General
Autonomic Reactions’

EACHT G 1nto every recess of the body and consisting of 2n extensive nter
R connected systetn of gangha and merves the aytonomic Kervous system
\» charactenzed particularly by the formation of plevuses a feature absent in
thie somatic nervous systest ATl the smooth muscles and glandular epithelum
of the body recenve autonomic nerves A minar supply goes to the stuated
(voluntary) skeletal muscles according to Boeke® * but Hhinsey* appears to
hive shown that sheletal muscles are not nnenated by sympathenic fibers
The chief and predominant mnervation of these muscles however s through
the cerebrospinal system The viscera on the other hand are supplied whoth
by autonomc fibers the largest part of the entire autonomic svstem consisting
of visceral nenves

Sn autonome efierent fiber has s eell body wathm the neurats These cefls.
are grouped as follows 1 the pars intermedia of the gray matter for the sym
pathetic system and the sacral autonomics in the thombencephalon and mid
Hrain for the cramizl autonomics Miffering $rom afferent fibers as well as from
somatic neurons autonoraie efferent fibers whether sympothetic or parasym
pathetic atways undergd wterruption 1n 2 ganghon Central to the pownt of
wtraginghome wterraption ot velay  the neurn is designated as preganghomc
s medullated (whute) Someaof the splanchmic nerveswhneh are unmy chimated
and some preganglonic vagal flbers are munor exceptions to this rule Distal
to the intraganghomie telay the newrar notw termed postganghome down to
1ts termmation 1s unsmedullated (gray) somme newrons as s the case of the
?g;i:g:;:c)luua(ed postganghionic fibers leaving the ciliary ganghon are white
, The h'%e, kx:umbcrs of :5::::: :rd eﬁel:eut ﬁbe‘st mahe UP tho separate
lumbar system and a patasympathetic or crapiosacral s)sZQm ot thoraco

Dugrams fwstrations €€ of the penpheral autonamic nervous syste
:‘:’f:;ﬂte they are avalable 1 wany textbocks and atlases on g’ene:lh:;:(:zv::

1
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SyvpaTHETIC EFFERENT (CENTRIFUGAL) TIBCRS*

Preganglionmc Neurons The neurons onginate n cells of the gray matter of
the pars intermedia, these cells forming a single contmuous column from C §
to L 3 The preganglionic fibers emerge 1n the ventral roots of spinal nerves,
then pass through white rami at corresponding levels and reach corresponding
gangha n the sympathetic paravertebral trunk The trunk or ganghonated
chain, containing afferent and efferent fibers 1s marked off into cervical tho
racic, lumbar, and sacral dnisions, there 1s one coccy geal ganglion Most of
the cervical and lumbar roots haye no white ramt and obviously ro pregangh
ontc fibers

Lyng on each side of and ventral to the bodies of the vertebra are the ver
tebral gangha termed also central (ventral) ganglia The paravertebral (also
called collater1l) gangha are found at a distance from the mam ginghonated
chain, more 1n the mid line, in the abdommal and thoracic cavities these ganglia
are close to varwous plevuses

Each neuron 1 the mam ganglonated trunk pursues one of three courses
(1) 1t terminates n a yertebral ganglion corresponding to the level of its emer
gence, (2) 1t travels up or down n the vertebral ganglionated trunk, arbonzing
with dendrites of a ganghomic cell 1n a higher or low er ganglia, or (3) 1t traverses
the ganglion corresponding to the level of 1ts emergence and still unbrohen,
reaches a subsidiary collateral or paravertebral ganglion well beyond the gan
glonated trunk The stream of preganglionic fibers leaving the neuranis recers €
practically no contribution from the cervtcal or lower lumbar segments of the
spinal cord, there are therefore, no white rami at these levels

The reltionship of preganglionic to postganglionic neurons 1s important
Langley*~'" demonstrated that not all preganglionic fibers coursing through a
single white ramus are destined for one svmpathetic segmental ganglion on
the contrary, fibers from one level pass to a series of about six to nine gangha
Moreover, a single preganglionic neuron has dendritic connections with many
postganglionic axons (Bidder and Volkmann!) According to Ranson and Bil
lingsley,! n the superior sympathetic cervical ganglon of the cat each pre
ganghonic neuron 1s 1n synaptic Junction with about thirty two postganglionic
neurons This seems to be an adaptation whereby a single efferent impulse 1s
able to touch off a multitude of peripheral reactions and 1s probably the basis
for “autonomic rrradiation ” a term used by Schw eitzer® after Risch® to denote
the wide and vaned autonomic effects which stem from the neuraxts

Posiganglome \eurons Leaving the ganglion wheremn a synaptic connection
takes place the postganglionic neuron courses through a gray communicating
ramus at a corresponding level and then passes by way of a spinal somatic
nerve either to the periphery or by way of a visceral sympathetic nerve to 2
viscus ‘The function of these post ganglionic fibers 1s not the same for all organs
The regional distribution of this fiber system 1s depicted 1n Tigure 12

+Consult Chapter 1V for regional distribution of sympathetic mnervations
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SyupariETic AFFERE T (CENTRIPETALY TiBrRs
The affetent neurons a large and diffute group transmit sensory \mx’\r\:ws
fehm xariaus structures and organs wto 1he tengral nenous S)stcr‘n‘ ) t=‘=
fhers parbopate m he sefles nervous a\tc( which connects el deﬁnr: ‘(:Q\filf;
et \ 0 cofresp

f;cﬁ:;:“u\m the efferent newrons these are withoutarelay for example 2
euran teavels directly from a viscus into the newraws and in so dotng passes
diy through a sympathetic ganglion Trayersing the ganghon m‘c

neuroh continues 1ts Way withina white Tamusata ¢ iy
g feved and i this manner reaches a spmal dorsal ganghion on the postenor
root of a spmal nene corresponding 1o the level of the winte ramus The cell
ody of ongm of each nevton 15 1 the dorsal ganglion from this cell body a
centrad axom goes o the substanti gelatnosa of the spinal cord snd estab-
lishes @ synaptic contact sith the spinothalamic tract or goes ta the antero-
{ateral portion ot the gray matter i the cord to connect with efierent neurons

at the ssme or adjoinun,, levels

The ab ence of any relay 1 aflerent sympathetic fibers has raised the ques
tion s hether these hbers are truly patt of the sympathetic sy stem Turthermore
certam physiologic and pharmacologic features of theee nenrons seem to place
them autetde of at least apart from the ssmpathetic efferent sy stem of nevrons
The afferent system conyeys sensory impulses theouph the sp nal cord to the
i her bram centers and this system of fibers 1s distinguishen zratomcaite by
3 predormmance of spmal entry with reference to ans viscus Thus afferent
neurons better termed viscera) fibers when they mnemate a vicus hate 2
concentrated zone of entry into the cord for example at Th ¢ to 4 on the left

sule from the heart Like all other argans however the heart is connected to
othet spwval cord Yevels by accessory afferent fibers

Accessors hibers mav participate wn the propagition of SeNSOTY ampulses
{pan} 1nto multsple segments of the spinal cotd or under certagn, arcumstances
they mav take over the main burden of conduction The general pattern of 2
preponderance of entry plus the arrangement of accesyory fibers which yain an
entry mto the cord 15 a fundamental anatoric endow ment e<hibiting 1m
Portant anations hosever m some mammals meluding man In mdiniduals
“th such \ariatns trom the nosm 1he afferent Mmnen ations may eust as a
sstem of ven difuse fibers conn,, from widely separated vrgans and over
lapping within common teceptor levels in the spunal card
Pizssaupateric Frrerext (Cenag Froat) Finegs®
Almost as widely distrboted
o ‘) a5 the sumpathene the parasympathetic dyy g
s 2 more Limited origin 1 the cerebrospinal system W oo cont:
efierent and alierent fibers Fach efferent (centrifugal) fiber b e
ane osnenth 25 2 preganglionic
BeNgUOnIC component separated by a synapss th
thettc ganghon P mithina parasy mps

Lan ult Chapter IV §ot regonal @ tnbution of Parasympatheue anners gtions



134 ANGINA PFCTORIS AND MYOCARDIAL INFARCTION

Pregangliontc N enrons These anse i cell bodies grouped as wsolated clusters
or aggregations, not as a continuous column Practically all these neurons are
medullated, although some vagal fibers have no myeln sheaths The pregan
glionic neurons have several levels of emergence

1 A mdbrain outflow mcludes fibers m the third cranal nerve for the aliary
ganglion

2 A rhombencephalic group Of these one set travels as the mtermediate or
W risberg’s nerve to form the chorda tympani, the tympanic nerves jomns the
lingual nerve which ends 1n the submaxillary ganglion Another <et of fibers
travels with the facial nerve and forms the great superficial petrosal nerve (the
motor part of the Vidian nerve) which ends m the sphenopalatie ganglion 4
third set joins the ninth crantal nerve and forms the tympanic nerve (Jacobson s
nerve) and then forms the lesser superficial petrosal nerve ending mn the otic
ganglion A fourth set consists of the vagus with its wide distribution of fibers
to ganglionic cells Iying in the walls of organs mnervated by this large nene
system

3 The sacral outflow carries preganghonic fibers 1n the anterior rami of the
second, third, and fourth sacral nerves These nerves run to the gangha n the
pelvic plexuses or to the gangha i the pelvic organs

4 The so called posterior root outflon (Aure?)

Postgangliome \eurons As a rule, these neurons are unmedullated although
the fibers leaving the ciliary ganghon are medullated As n the case of the pre
ganglionic neurons the postganglionic also mahe up several groups

1 The midbram outflow leaves the cilary body and supplies the pupillary
sphincter and the cibary muscles of the eyeball

2 The rhombencephalic outflow contains the follow mg subdisions Tibers
from the submaxillary ganglion go to the submaxillary and sublingual glinds
bers from the sphenopalatine ganglion go to the lachrymal glands and to
the glands 1n the mouth and nose 'ibers from the otic ganglion go to the parotid
gland Fibers from the ganglion cells of the vagus system form an extensne
mnervation to the chest abdomen and other parts, providing mhibitory neu
rons to the myocardium s asoconstrictors to the coronaries yvasodilators 1o the
pulmonary vessels constrictors to the bronchial musculature motor and secre
tory neurons respectively to the smooth muscles and glands of the alimentary
tract down to the 1ileocolic valve and visceral fibers to the liver, pancreas,
kidneys, adrenals

3 The postganglionic fibers of the sacral division leave the gangha of plex
uses m this reglon and supply fibers to the distal colon rectum, and the gentto
urinary organs

4 A fourth divsion recently the subject of special study by hure, 15 to be
found m the so called posterior root outflow This disision 15 supposed to con
tain parasympathetic fibers However, the support for the contention that
these fibers are parasympathetic 1 largely 1f not wholly, mndirect wnd 1s based
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on the fact that these fibers behare 1 2 way analogous to that which charac
{eraes pavasy mpathetis fibers namely, they are chohnergic in function and
the mfection of acetylcholine brings op respanses dentical with those mduced
b electrical exeitation of these fibers Anather argument advanced for group-
1ng these fibers as parasy mpathetic rests on the fact that vasod lation i cettam
regions of the body 15 hoown to be parasympatbetic for exanple the effect
poted on stmulating the chorda tympam Kahr and Sheehan® have offered
stologic proof of the eustence of efferent fibers 1n the postenor spinal roots
and Matthens ' on the bauis of action currents supports these findings

The alleged ext tence of a supply of parssy mpathetic postganghonic neurons
1o the periphery namely 10 blood vessels sweat glands and pilo-erecior mus.
dles 1 not well founded on anatome evidence

PArASYMPATHETIC AFFERENT (CENTRIPETAL) TIRERS

Elsenhere (p 169) we have suggested that although the vagal Sbers seem
to transmit ensory impubses from the bronchual and gastrontestinal mus-
culature the parasympathietic afferent mnen ation probably may notbea tre
conductor of pawm at feast from the heart In the third and seventh craniat
verves afferent parasympathetic fibers have not been demonstrated In the
vagus nenve aiferent tbers from penipheral nerve endings travel to cells within
the trunk gangha (jugular and nodosal) and from these cells of Grigin central
axans penetrate the medufla and reach the lateral part of the dorsa) nucleus
of the vagus (This will be recogmeed 23 3 geveral smlar 1o that
already noted m connection with the dersal 5p aal ganghon for afferent sym.
pathenic fibers ) Afferent vagal fibers anse from the ascending aorta and the
beart alsofrom thelungs the bronchialsystem theabdominalyviscers stomach
small gut proumal colon Wer spleen par ress midneys and adrenals They
are also found within the pelyic nerves related 10 the sacrat Jevels of the cord
A double wnenation sy mpathetic and parasympathetic supphies the ma
Jonity of internal organs There are howerer some excepions In certam pen
pheral structures a dual autonomic et of reactrons operate through a singl,
dnision of the autonom ¢ lor example cut blood \5::1:
are able to dilate or contract by means of therr Sympathetic supplies, and slmxlas
obseriatiyns have been made with respect to the salnary g\mds’:md utel :
muscles The reaction of the latter is influenced by their state of coutra {me
or relaxation and by conditions bound up uith the Mgty of the amm:; o

BIRLIOGRAIHY
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CHAPTER VII
The Svmpathetic Pathwavs for
Angmal Pan

~ INTRODUCTORY group of five dessingsas presented 1o help the reader
A_ 10 general onentation This 14 followed by a progressive senes of drawings
desined to depict Step by step the sympathetic cardiae mnensations which
bear upon the chinical and phy siglogical problems whch go 1o male up the
man theme of this volume

The practical division of the cardiac sympathetics mto afferent and efferent
Froups drans speoal mterest 4o the question of whethet the afferent fibers ate
truly part of the sympathenc apparatus Attention ha been paud to this prob-
Jera 1n this text but of greater sigmneance 1 the fact that the aflerent fibers
unquestionably conduct sen.ory 1mpulse~ from the heart mto the neurans
Gl equal mport 1, the orcumstince that cardiac pamn may enter the neurats
by accessary afferent routes and that comversely the cardac apparatus voav
be the recipient of pam which travels along extracardiac afferent pathways
Thiese considferations t1shoped will tahe on an increased practicalvatue as the
rea Jer becomes famular ssth anatomic detaily A stmfar fimihanzation with
Tespect to the vagal supphes and the dermatomic mpenabons set farth
Chapiers VT TS and S will complement the miormation obtamed 1n
Chapter V11

This entire scction dealing with the sutonomuc pathnays for pain has Leen
plannied to ge the student an ealuged basis for undderstanding the €l ~yea}
signifeance of the varying aspects of angnal pan and alired ramfestations
£or those unfamibar with the 2natomse detas 1t 15 suggested that particular
attention  hould be paid to the legends and ther corresponding figures To
help concentrate on these physiologic as well as chnscal aspects hase as far
as passible been omatted fram thas section.

W
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FIG 26 The Sy nal Cord and the Emergence of the Spinal \erves at Their Reepective
€ rd Levels F r the sake of umphaits th antenor nerve roots have been omitted Observe
that although the ¢ are but seven cerical vertebral bones there are aight cercal s tnal cord
segments from each of which a pat of pinal nerves emerges “ote also the bundle of nemve
strands (the brachial plexus) formed by the confluence of the 3th Sth 6th sth Bth cervieal
nerves and the Ist thoracic This 15 the so-called prefized brachial plexus In some in hvaduals
the plexus 1s shifted downward one cord level beginming with the Sth cerical nenve and
ending with the sec nd thoracie terve This 1s called the post fixe § plexus.

Brachal plexus fibres go to each side of the neck down each arm and over part of the
pect ral areas In connection with cardiac disorders two poits decerve special emphasis
(1) the left ¥rachual plexus practically alvans 1s the one mvolved anl (2) asa rule only &
Ppatucular ports n of the plexus camnes anmnal pun namely the portion } muted to the first
and second thoranc nerves,

The drawing of the left brachial plexus has been extended toward the armn order to show
the manner i which the lft frst and second thoracic nerves pass into the plesus

- 139
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116 2> The Vertebric This drawimng shows the vertebral hones from the base of the shull
to the erghth thoriaie level inclusne
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Fic 28 The Heart an] the Artenal Tree from the Heart to the Circle of Willis 1n the
Bran In rler to {acihtate the lorahzation of special portions of the cardiac nerve supply
s¢ eral levels are des gnated on this vaseular tree at potnts of vessel Tifurcation as a rule
These levelsare 4 8t the aircle of Wilhs B at the pomnt of bifurcation of the common carots |

arteny € at the subwla 1an artery at the emergence of the vertebral artery anl D at the
tafurcat on of the pulmonary artery
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Fic 27 The Two Preceding Drawangs 1 and 2 Are Superimposed The vertical l::::
levels are seen to lie shghtly below their corresponding cord segments Because of this
spinal nerve emerges through an intervertebral foramen at a level below its pont of ongin
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Tic 29 The Thyrod Gland at Level B and the Cardiac Plexuses at Lev o D The thyrod
gland 1s at level B d region of convergence for many sympathetic and vagal fibres The super
Sonal and deep chtdrde flextses hie at level D There 1s only one superficial cardinc plevus and
1t rests in the concabitl of the aortic arch 1n front of the bfurcition of the left pulmonary
artery There ace to deth cardrac plexuscs each 1s hehind the aortic arch on esther side of
the trachea just above its Iifurcation considerably larger than the superha) plewus (Fot
the cardiac pletuses and relations to other plesuses sce Lig 40 p 163)
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Fic 30 The Sympathetic Cardiac Innervation This 1s the first of a senes of drawings to
Wiy trat the  mpathetic component of the cardiac innervation It 15 part of the large sym
pathetic d 11 1on that supphies the rest of the body and this division together with the fara
sympath tic ¢ v cramo-sacral) division forms the autonohuc nersous system for the entire
body  \s in othet organs this dual innenation exsts in the case of the cardiovascutar strue
t e \descnjton of the parasympathetic or vagal svstem will follow later (Chapter VIIT)
Tlecernical sk and grngha The upper of cervical part of the sympathetic supply to the
heart consists of a talateral Jongitu linal sympathetic trunk 1n which three cervical gangla and.
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four sometimes five thoracic gangha stand out on each side This ganghonated trunh 1s be
hind the carotid sheath The three cervical gangha represent the fusion of eight gangha the
uperior ganghon 1s the fusion of four, the middle of two and the inferior of two

The superior cervical ganglion 1s about two ta three cm long and osal or fusiform e shape
It hesn front of the transy er<e processes of the second and third cervical s ertebrae and behind
the upper portion of the sheath of the great vessels of the nech Sometimes 1t 1s double or spht
so that one portion may lte before and another behind the carotid sheath sympathetic fila
ments brdging the gap

The middle cervical ganghon 1s smaller tends to be tnangular mn outhine and 15 sometimes
abeent Its position 1s vanable but 1t 15 usually found at the level of the transserse portion of
the sicth cervical vertebra 1e about the level of the cricoid cartitage antertor to the bend of
the infenior thyroid artery

The wnferior cervical ganglion larger than the muddle and teregular i shape s found
deeperin the nech, at the level of the transverse process of the seventh cervical vertebra lateral
toats body and anterior to the nech of the first rib and posterior to the vertebral or the first
portion of the subclavian artery It is important to recogmize that this large ganghon 1s directly
blended with (or else connected by a shost stout trunk to) the first thoracic ganghon “The
combination of these two 1s hknown as the stellate ganglion

The thoracic trunk and ganglia ‘There are ten or elesen gangha 1n this thoracic trunk but
only the upper four or five are commonly concerned with anginal pain The gangha are smaller
than the cervical they areirregularly angular or fusiform in shape joined by a common cord or
trunk quite thick These upper gangha are united 1o the corresponding thoracic spinal neres
on each side Fach nerve excluding possibly the first has a rescerel branch the white ramus
which connects 1t with the corresponding sympathetic thorzeic ganghon The upper four or
five white ram are important bridges as we shall see

The second thoracic nerve usually communtcates with the first thoracic nerve

The cardiac plexuses (See Fig 40 p 163 )

Not all the structures mentroned abave are featured i this draning They are described
however 1n order to give the reader some 1dea of their dimensional relationship This will be
clearer with the development of other drawngs
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Fic 31 The Cardiac “erves Between the Sympathenc Cervical Gangha and the Cardiae
Plexuses The supenor muddle and tfenor cardiac Derves act as direct longtudinal strands
for the tran. mussion of umpulses between the cervical sympathetic gan~lia and the ¢arduc
Plesuses Each ganghion sends a nerve to the deep cardiac plexus of the same side with the
exception of the left supenor cervical gaughon whose ners e eaters the superficial eardiac plesus.
wtuated on the left sde

The superior nerve crosses the mfenor thyrord artery onts dorsal a. pect and before reach
1g the cardiac plesus runs toward the mnommnate artery on the right side and the common
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four sometimes five thoracic gangha stand out on each side This ganglonated trunk 13 be
hind the carotid sheath The three cervical gangha represent the fusion of exght gangha the
upenor ganghon 1s the fusion of four the middle of two and the infertor of two

The superior cervical ganghon 1s about two to three cm long and oval or fusiform in shape
Tt liesan front of the transverse processes of the second and third cervical vertebrac and behind
the upper portion of the sheath of the great vessels of the nech Sometimes it 1s double or plt
5o that one portion may he before and another behind the carotid sheath sympathetic fla
ments bridging the gap

The muiddle cervical ganglon 1s smaller tends to be trangular tn outline and 1s sometimes
absent Its position 1s varable but 1t 1 usually found at the level of the transs erse portion of
the sixth cervical vertebra 1e about the level of the cticoid cartilage antenor to the Lend of
the infenor thyroid artery

The 1nferior cervical ganglon larger than the middle and irregular 1n shape 1s found
decper in the neck at the Jevel of the transs erse process of the sev enth cervical s ertebra lateral
toats bodv and anterior to the nech of the first nb and posterior to the vertebral or the first
portion of the subclavian artery It 1s important to recogmze that this large ganghon s directly
blended with (or else connected by a short stout trunk to) the first thoracic ganghon The
combnation of these two is known as the stellate ganghon

The thoractc trunk and ganglia There are ten or eleven gangha 1n this thoracic trunh but
only the upper four or five are commonly concerned with anginal pun The gangha are smaller
than the cervical they are arregularly angular or fusiform m shape Joined by a common cord o
trunk quite thick These upper gangha are umted to the corresponding thoracic spinal nenves
on cach side Fach nerve excluding possibly the first has a wesceral branch the white ramus
which connects 1t with the corresponding sympathetic thoracic ganglion The upper four or
five whtte rami are important bridges as we shall see

The second thoracic nerse usually commumcates with the first thoracic nene

The cardiac plexuses (See Fig 40 p 163)

Not all the steuctures mentianed abose are featured in this drawing They are descnbed
however in order to give the reader some idea of their dimensional relationship Thns wud be
clearer with the development of other drawings
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Fi6 32 The Anterior and Postenior Divistons of the Spinal Thoracic \erves Theantenior
and postenor divisions of the upper four or five thoratie spinal nerves are depicted On each
postenor division. close ta its entry wto the cord 1es a root ganghon The sympathetic it res
{hat enter the neuraxis pass through these upper four or five postenor divisions and their re
pects e spmal root gangha The ulk of afferent sympathetic filres {rom the heart an 1aorta
takes this course

B The Commumcating White Rars Four (or five) white ramt runming as transverse
tndges ¢ nnect the corresponding four (or five) thoracic ganghia to corresponding segments in
the pin 1 cor} These rami carry afferent fibres {they also carry efferent fibres) nhich enter
the pnab toot ganghon of the posten ¢ divsion of each thorae nerse each root gangh 1
Bes close to the cord S nee there are no white rams above the level of the first thoracie sym
p thetic ganghon 1mpulses above this level destined for the central nervous system must
descen ) 1118 clavmed 1o this level before crossing into the cord

"7
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carotid artery on the left side On each side the nerse finds an anastomosts with the supenor
cardiac branches of the vagus and with both laryngeal nerves Sometimes a <maller peaal
ganghon the supenor cardiac ganglion appears along the course of this nerve below the pomt
of crossing of the inferior thyrowd artery Atits points of entry into the cardiac plevus theleft
superior cardiac nerve contuns another small ganghon {ganghon of Wrnsherg or magnum)
the ganghen 1s sometimes divided This nerve may be lacking on one side and even
on both sides

The middle m1gnus nerve and the middle sy mpathetic ganglion as well may he ab ent
the nerve ansing from the trunk at about the site where the latter crosses the inferior thvroil
arters The nerve anastomoses with the recurrent laryngeal nerve (vagus) and reaches the
subclavian artery Helow the thoracic aperture level the nerve occasionally has 1 ganelion
of its own the middle cardiac ganghen

The infenior or small sy mpathetic nerve leaves the mferor cervical sympathetic ganghon
(or stellate ganglon formed by the lowermost cervical and the first thoracte gangha) Asit
continues donwnward on the right side it hes behind the innominate arters on the Jeft e
behind the worttc arch The nerve on each side anastomoses with the recurrent larngeal nene
1t jJoins with the mididle or magnus nerve to form the nervus cardiacus crassus

\nother nerve 1s sometimes present a fourth or accessory sympathetic cardiac nene the
nerve of Valentine or nerve 1mus 1t goes to the deep cardiac plexus The nerve 1s gien off 134
the first thoracic ganghonic component of the stellate ganghon

A special strand or loop the ansa Vicussens connects the middle and the stellate ganghn
This loop 15 clearly scen at the level of the emergence of the vertebral attens from the b
clvian artery (see Ing 34 Insert A, p 149)

Some anatomists Schuhmacher # for mstance claim that the sy mpathetic fibres from the
night side supphy the night heart the left sympathetic fibres the left heart
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FI6 31 The \flerent Sympathetic Cardiac Fibres The course of an impubst in the sym
pathetic system {rom the cardiac plexuses to the brain will now be traced
18 15 cont oversial whether umpulses from the superficial cardiac plexus ascend along the
upen 1 ca diac nenve the weight of evidence 1 azainst the eustence of afferent fibres in
this nen Impulses from the deep cardiac pléxus however ascend along the muddle and
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Fio 33 The Postenor Sympathetic Cardiac Iibres A recently discovered set of £©)
rams on each side travels from the catciac and pulmonary plevuses bachward through the
postenior mediastinum to the 2nd 3rd and 4th occasionally the Ist and the Sth and 6th
thoracic sy mpathetic ganglia (See latetal view Tig 37 p 158) These ram reprecent anant
tomic bridge between the upper thoracic sympathetic chain and the pulmonary and cardiac
plexuses As 1n the case of the white ramu they are ahsent in the cervical regon These pos
teror ram hav e been demonstrated by Jonesco and Fachesco ' by Brauecker by huntz®
Cannon Lewis and Brtton ¥ Mixter and White 18 also Singer and Spiegel™ bave writtea of
therr sigmaficance It 1s clumed that these rim contun afferent and efferent fibres from the
heart and aorta to the central nervous system

The Communicating Grey Ranu A different set of ram 15 depicted here the grey amt
10 the cervical and upper thoracic regions The cervical are arranged four rami ansing from

1or cervical ganghon two from the yuddle three from the stellate The thoracic
m each ganghon the ramus of
¢ ar

the super:
ram: emerge from each ganghon by either one or two strands Irol
zamu pass into the posterior division of the corresponding thoracic pinal nerves Thes

rangements are very much the same on each side
~ / ’,
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Fic 3 Insert A Vertebral Plexusand An.a

Fic 34 Inset \ o The sympathel ¢ tericbral netcork The stellate ganghion or better s
fist th raqe component gwes off the v rtetral nerve which forms a network plexus aroun |
the  tebral arter, Begnmng at the onmn of this vessel from the subclavian astery and
exte din gpward to the shult the netwark or plexus 10 1ts course sends cannecting branches,
tothe Sth 6th  th sn lower mammals the 8th also) cervical merves sery rarely to the 4th
The plexu 15 jute amatie1s the dog €at foxand horse but in man comparatiely mare con

tant By some authontes notably Damelopolu the plexus 45 looked upon as a separate
deep communicating ystem from the stellate ganglion to the lower cervical nenves 1n con
trast to the more superfictally placed communicating system that trayerses the distance be
tween all three cesvical sympathelic ganglia and the 8th cernical and 1 t thoraaic nenves,

3
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nfenor cardiac nerves to their respective cervical sympathetic ganglia To reach the bran
from these gangha several possible routes he open

1 The best understood and by all means the most probable pathway continues from
these ganglia dow n the sy mpathetic trunk to the levels between the first and the fourth thotacic
ganglion  ometimes the fifth I'rom this region fibres pass across the corresponding four or fie
communicating loops the white ramu Lach of these ramy carnes afferent fibres into a corre
sponding thoracic spinal dorsal root ganghon lying on a postenor division of a thoracic nerve
The afferent nerve filament that begins 1n a portion of the heart for example and pas¢s
through the cardiac plexus to reach a cell in the posterior root ganglion 1s but the peripheral
process of that cell The central process or filre of this ccll enters the spinal cord through the
prouimal portion of the posterior root nets e and has 1ts ending 1n the posterior horn of the grey
matter the substantia gelatinosa Kolandu In the grey matter the central fibre comes into
contact with the fibres of the spinothalamuc tract thus forming s first and as faras we know
its only synaptic connection The sy napsis 1s not altogether well defined (sce insert AR
34 p 151

2\ second possible route to the brain Jeads through the cephalic network developed out
of the prolongation from the upper cervical ganglion the internal carotid nerve This cephalic
networh consists however as far as we know of effercnt and not of aflerent fhres
(Damelopolu 15 practically a lone authonity 1n mamtaining that the cerebral sy mpathete
system contains afferent fibres (see Chapter \I)

To explain afferent effects in this network of efferent fibres the action of the vagus neriels
invoked The vagus 1t 15 contended bLrings afferent tmpulses to the supenior sympathetic gan
ghon where motor cells are stimulated These cells 1n turn send impulses along the efferent
bram fibres and produce effects such as constriction of facial and cerebral vessels (or coronan
Aessels in the thorax) disturbances in perspiration pain 1 the fifth crantal nerve and pamful
mamfestations along the upper cervical plexus This conception as we shall see 15 based ot
clinical expentence  Patients in whom the cervical ganghonated chun was severed completels
were able nevertheless to experience features of patn etc  as described above Inasmuch 33
impulses could not pass through the interrupted cervical ganghonated chain 1t has been 11
ferred that the vaga! route acts s an accessory route and that 4 cephalic pathway for paint
custs apart from the cerebrospinal axis Tor a fuller discussion of other relevant matenal
see pp 207
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Fic 3 The Eferent Sympatbetic Fibres Almost nothing defmte is known of the intra
1 nab ongn of the smpathetic efferent fibres cephalad to the upper thoraac levels At these
1 vels an | at corresponding loner levels these Gbres emerge from the antero-lateral portion of
th grey matter §the pwalcord and from each spinal cord leel the fibres pass by way of
white ram to  rresponding gangha 1n the sympathetic chan From this cham the eferent.
fibres f m tno groups (1) one group contipues to peripheral structures (2) the other group to
wisceta n this case the heart The fibres of each group bave 2 elay 1n the ganghia of thesym
P theuc chan or in gangha within coltateral plexuses or wn the organs themselves Among the
second group there ste special fibres the accelerators with 2 regulatory action on
the heart rate
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Fie 34 Insert B Cardio aortic Aferent Tibres

b The ansa subclauta (1 renssens) The ansa or loop betn een the muddle and lower cervical
ganghais a nerve strand that leaves the middle cervicit y mpathetic ganghon amd runs down
ward It emerges from behind the common carotid artery and crosses the subclavtan artery in
front sending nerve twigs to 1t ind tots vascular branches The loop tuns around the sub-
clavian artesy lateral to the recurrent nerve recenving a few filaments from this nerse and
ending m the Infepor cervical (stellate} ganghon

Ta rare cases according to Damelopolu s description when the two components of the
stellate ganghon have fatted to fuisc and are well separated as in the dog the anen remains a3
an anterior and posterior division each acting as a connecting bndge betw een the tho unfused
components This loop contains sfferent fibres (rom the heart and sorta Danielopolu helieves
t fibres run 3 the vertebral plexus and reach the loop The ansa al o contatns some

~——

afferen!

cardio-accelerator (eflerent) fibres e
.o~ AN
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F1c 32 The Eferent Sympathetic Fibres

Fic 35 The Efferent Sympathetic Fibres Almost nothing definite 1s Lnown of the intra

spal ongwn of the s ‘mpathetic efferent fibres cephalad to the upper thoracic levels At these
lesels and at ¢ rresponding lower levels these fibres emerge from the antero-lateral portion of
the gres matt t of the spina) cord end from each spinal cord level the Ftres pass by way of
white ram to ¢ rresponding gangha in the sympathetic chan From this chan the efferent
£l res form two groups (1) one group continues to penpheral structures (2) the other group to
wiscera, 1n this case the heart The fibres of each group have a relay 1n the gangha of thesym

athetic charn of 1o gangha withia collateral plevuses or in the organs themselves Among the
sccond grou] there are special fbres the accelerators with a regulatory action on
the beart rate
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Fi6 34 Insert B Cardio aortic \ferent Fibres

b The ansa subclaza (V teussens) The ansa or loop between the middle and lower cervical
gangha is a nerve strind that leaves the middle cervical sy mpathetic ganglion and runs down
ward It emerges from behind the common carotid artery and crosses the subclavian artery 10
front sending nerve twigs to 1t and to its vascular branches The loop turns around the sub-
clavian artery lateral to the recurrent nerve receiving a few filaments from this nenveand
ending sn the inferior cervical (stellate) ganghon

In rare cases according to Damelopolu s description when the two components of the
stellate ganglion have fasled to fusc and are well separated as in the dog the ansa remamns a$
an anterior and posteror division each aeting as a connecting Eridge between the two unfused
components This loop contains aflerent fibres from the heart and aorta Daniclopelu believes
afferent fibres run in the vertebral plexus and reach the loop The ansa also contains some

cardio accelerator (efferent) fibres -
2 .y
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tic 3> Insert B Cardic-aortic Fibres

Fic 35> Insert B The Cfferent Cardio accelerator Fibres These fitres leave the pinal
cord st Th2 3 4 levels sometimes Th 1and Th 5 ani pass through ventral roots of the
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Fic 35 Insert A Efferent Fibres
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Fic 36 A Left Lateral View of the Sympathetic Cardiac Innervation The left sym

pathetic chain 15 clearly outlined alco s three cardiac nerves one from each cervieal ganglion

10 the cardiac plexuses the mfrequent fourth Valentines nerve 1s akso included The left
superfical card ac plexu 15 placed more ventrally the left deep cardiac plexus lies belun 11t
and at & shightly hugher level. On the nght side only a deep plexus ex ts The left supenor
card ac nenve 15 connected with the superfictal cardiac plexus the nerves of the other tno
‘svinpathenc ten tal gangha with the deep plexus The three carde nenves commumeate
with one another the fourth the nerve of Valentne 15 not con tant The pecialiy differents

ated foop the amsa \1eus ens connects the middle and inferior (stellate) gangha the Toop
curses under the subelavian artery

157
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thoracic nerves and associated white ram to corresponding gangha 1 the upper thoraac
svmpathetic chamn Many fibres relay here those that emerge from the stellate or mddle cerw
cal sympathetic ganghon arnve At the cardiac plevuses by the infenor and ruddle cardize
nerves The presence of accelerator fibres in the superior cervical ganghon and supertor cardiac
nerve 15 disputed

Before reaching nerve endings 1n the heart sympathetic efferent fibres are broken by 2
relay 1n a ganghon of the upper thoracic or lower two cervical ssmpathetic ganglia as already
indicated above or the relay takes place in a collateral ganglion 1 n the cardiac pleruses
or m 1n ntracardinc ganghon Inany event efferent fibres have a preganghonme and postgan
ghonic component the former 1s myehnated and passes through white rami the latter 18
unm ehnated and 1n the case of non visceral fibres passes through grey ram
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Fic 36 A Left Lateral View of the Sy mpathetic Cardiac Tnnervation The left sym
vatheuc chain s clearly outhined aleo1ts three card ac nerses one from each ceryical ranghion
10 the cardiac plexuses the infrequent fourth Valeatine s nesve 18 also meluled The left
superficial ea diac plesus 15 placed more ventrally the left deep car hac plexus hes bebun ) 1t
and at a shightly hugher level On the nght side only a deep plexus ensts The left supenyr
@1 ac nerve 1s connected with the superfoial cardiac plexus the nerves of the other two
Svimpathetic cervical gangha with the decp plexus The three ca hac nerves communicate
b one another the fourth the nerse of Salent ne 15 not constant The specially differents
Medlorp the ana Vicussens cann

ects the middle and inferior (stellate) ganglia the loap
Curves under the subclavian artery
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116 37 Left Lateral View (contined) Thus view tllustrates the relations to the pinal
cord to the brachil plexus and to the sympathetic distribution cephalad to the supen™®
cervical ganghon The posterior cardine sympathetic rami aleeady depicted 1 a previous
view (Fig 33 p 148) are readily scen 1n this drawing They connect the cirdiac (al 1 put
monary ) and aortic plexuses to the sympathetic gangha of Th1 2 3 4 Peferred pam into the
Jeft arm 15 tran mitted by means of 1 small portion of the brachial plexus This portton con
sists of the first and second thoracic nerves There are spean] but rarer circumstances when
angnal pain enters the lower cervical nerves of the brachial plevus
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Fic 38 The Cardiac Sympathetic Innervation Viewed from the Right Side Only one
cardiac plexus ensts on this stde & deep e into which all three cardiac sympathetic branches
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T16 39 Tre Cephalic Portion of the Sympathetic Svstem The cephalic portion of the
sympathetic system begins at the upper pole of the supenior cervical ganghon as a distinet
upward profongation this prolongation evolved as an upnard extension of the pnmitne
sympithetic trunk develops an extensive network that follon s the course of the cramalvaseu
farsupply (Fig 37 p 158) The network grows very diffuse (Fig 39 p 161) w1t he many timy
gangha and plevuses and among these almo t numberless gangha and plexuses some are
clearly defined practically constant in location and possess a special sigmficance

Four macro copic gangha are promment nameh the cihary or ophthalnue  the <phens
pafatine or Mechel s the otic and the submasllary Of equal importance are the sympathetc
components present 10 the nodosal petrosal gemculate and semiunar gangha In mam
of the smaller plexuses minute nameless gangha are imbedded

The upward extension of the supentor ceryical ganglion known as the imternal carotid nene
forms two mun plesuses The fiest 15 the internal carotid plexus and s developed by tha
branches that emerge from this internal carotid nerve \ coarse pletus is formed that ur
rounds most but not all of the circumference of the internal carotid arters This temal
carotid pletus sends shoots ta the internal carotid artery and by fine filaments communicdtes
with the senulunar (hfth nerve) ganglion and with the sixth nerve The plexus recen es branches
from the tympanic plexus through the wfenor carotico tympamic nerve known sl 0 25 the
deep small petrosal nerve and from the spheno palatine ganglion via the deep petrosal nerve
The internal carotd plexus with the satme named artery pass through the carotid canal and
reach the c1yvernous sinus At this point the plexus 1s called the cavernous plevus

‘The cavernous plecus sends commumicating filaments to the third and fourth cramal nerves
and to the ophthilmic division of the fifth nerve (According to some anatomiste Toldt?
also Spalteholz * the cavernous plexus 13 connected to the tympanic plexus by the small deep
petrosal nerve ) The cavernous sinus 1s connected to the cthary ganghion by means of the Jong
sensory root and also by a sympthetic motor root of the ciliary ganghon The plevus alw
gives off twigs to the carotid artery plexus and to the plexuse on the small artenal Dbranches
that enter the pitwitary gland and the dura mater The cayernous pletus finally breaks up 1to
dehcate termunal fitaments which anastomose freely forming fine plexuses on the terminal
artenal twigs On these terminal divistons of the internal carotid artery nerves branches and
plexuses take the pame of the artery on which they lie the four largest formung the pleas
ot the anterior and middle cerebral artenes

From the supenior cervical sy mpathetic ginglion posterior branches reach the munth the
tenth and the eleventh cramal nerves and branches also go to the muscles and bones of the
head and to the external carotid plevus with its arterial extensions and finally to the pharves
esophagns and laryny According to Danielopolu 8 Frangois Iranch demonstrated thatthe
anastomoscs between the superior cervical ganghon and the cranil nerves contain cardiy
aortic sensory fibres winch influence the blood pressure through the bulbar susomotor centers
According to Danielopalu also the antertor branch of the superior cervical ganglon togethet
with the carotid plesus and casernous pleus with its anastomostng branch for the Cas cm\r
ganglion are of spcaial importance 1n connection with the spread of angmal pun into the e

\ccording to most authorities Damiclopolu 1s an exeption the cranial sy mpathetic supply
contuns efferent fibres only In order to explain sensory eflects that are registered M the
structures supphed by these effercnt fibres 1t 15 held that afferent paths m the vagus { €€
footnote to the text for Fig 3% p 150) reach the upper cervical sy mpathetic ganghon stmd
Iating 1ts motor cells into action The effects of this are then distnibuted along the sy mpathetic
cramal innervation We shall sce honever that afferent pathways in the yagus ase able 102>
directly to the medulla (see Chapter VIIT)
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Tic 39 The Cephahc Portion of the Sympathetic System The cephalic portion of the
sympathetic system begins at the upper pole of the superior cervical ganghon as a distnct
upward prolongation this prolongation evolved as an upward extension of the pnmtnt
sympathetic trunk develops an extensive network that follows the course of the cramal vaseu
larsupply (g 37 p 158) The network grows very diffuse (Fig 39 p 161) 11t he mans oy
ganglia and plexuses and among these almost numberless gangha and plexuses some are
clearly defined practically constant in location and possess a special sgmificance

Tour macroscopic ganglia are promunent namely the cihary or ophthalmic the spheno-
palatine or Veckel s the otic and the submaxiltary Of equal importance are the sympathetc
components present in the nodosal petrosal gemsculate and semlunar gangha In mam
of the smaller pletuses minute nameless gangha are imbedded

The upward extenston of the superior cervical ganglion Anown as thenternal caroud nene
forms two main plexuses The first 1s the 1nternal carotid plexus and 15 developed by two
branches that emerge from this internal carotid nerve \ coarse plexus 1s formed that sur
rounds most but not all of the ciccumference of the internal carotid arters This mtemal
carotid plexus sends shoots to the mternal carotid artery and by fine filaments communicates
with the semlunar (fifth ner ¢) ganghon and with the 1xthnerye The pletus recenes branches
from the ty mpanic plexus through the tnfertor carotico tympanic nerve hnown alo as the
deep smll petrosal nerve and from the spheno palatine ganglion v1a the deep petrosat nene
The internal carotid plesus with the same named artery pass through the carotid canal and
reach the cavernous sinus  \t thts pomt the plexus 15 called the eavernous plexus

The cas ernous plexus sends commumicating filaments to the third and fourth cramal nenes
nd to the ophthalmic dwision of the fifth nerve {According to same anatomsts Toldt®
also Spalteholz # the cavernous plesus 1s connected to the tvmpanic plexus by the small deep
petrosal nerve ) The cax etnous sinus 15 connected to the ciliary ganghion by means of the long
sensory root and also by a sympathetic motor root of the cilhary ginghon The plesus also
guves off thigs to the carottd artery plexus and to the plexuses on the small artenal branches
that enter the pitwtary gland and the dura mater The cav ernous pletus finally breaksupntd
dehcate termnal filaments which anastomose frecls forming fine plevuses on the termndt
artenial twigs On these terminal divisions of the internal carotid artery. nerses hranches and
plevuses take the name of the artery on which they he the four largest formuing the plew ¢s
of the antenior and mddle cerebral arteries

Trom the superior cervical sympathetic ganglion postertor branches reach the n
tenth and the elesenth cramal nerves and branches alse o to the muscles and bones of the
head and to the external carotid plexus with its artenal extenstons and finally to the phannt
esophagus and larynt  \ccording to Damielopalu ® Trangois Tranch demonstrited thatthe
anastomoses between the superior cervical ganghon and the cranal nerves contan cardio~
aortic sensory hbres which influence the blood pressure through the bulbar sasomotor centers
According to Damelopolu $ also the tatenor branch of the superior cervical ganghon toecethet
with the carotid pletus and cavernous plexus with its anastomosing hranch for the Gasseriad
ganghon are of special importance in connection with the spread of anginal pun into the head

Accorchng to most authorities Danielopolu 1s an exception the cranil sy mpathetic supply
contains effcrent fibres only In order to explan sensory eflects that are registered 1 the
structures supphed by thesc eflerent fibres 1t 1s held that afferent paths i the vagus {see
footnote to the text for Fig 34 p 150) reach the upper ceryical sympathetic ganghon stimt
Jating 1ts motor cell 1nto action The effects of this are then distnibute 1 along the sympathitic
cramal tnervation Weshall ec however that afferent pathways in the vagus are ahle (0 &0
directly to the medulla (see Chapter \IIT)

wnth the
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Fros 40\ and $0B The Cardiac Plexases a. d Rels of Plexises The ixaure of thew
pestses 2 deep one on each side and 2 supertenl one oa the it 31 e only Basa wadv been
neatoned They are made up of pumberiess hbers from the vazzs and svmma bete aruac
renves all three plexuses form one free anastomom..g network. Ta Ter™ clusms the [ ermses
TN 4D (ncontavt hene from the ansa hrpoglomas.

The superfial cardiag plexus ts located below the aorte ach 1mmeTaehy 2 ove the rzvt
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Fics 40\ and W0B The Cardiac Plexuses and Related Tlexuses The location of thee
pletuses a deep one on each side and a superncial one on the left side onty has alreads been
rientiooed They are made up of numberless fibers from the vagus and sympathetic cardiac
nerves all three plexuses form one free anastomosing networh Tandler'™ claims the flesuses
receive an meunstant nenve from the ansy hvpoglossus

The superneial cardiac plecus s Jocated beiow the aortic arch immediately above the nght
pulmonary artery It s formed by the following structures (1) the left upper vaml candiac
branches from the vagus trunk. (some texts Cunningham etc mention the infenor group of
these upper cardiac branches) (2) the feft supenor svmpathetic nerve from the left supenior
« mcal sympathetic ganghion (3} branches that communicate with the deep plexus on this
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1 layer these terminating herve fibres have somewhat different armangements In the
i:,;“,‘dm‘:\’ {hes may or ma not haye a capsule Michailow ¥ 1n the mvocardiam oty the
maddle portion of the musculature recenves plesal fibres the superfical musculature 18 1
nervated by the epicardial plexus elose to 11 the mper musculature bh an end scardial
Pesus A subendocardial layes ext ts also and consists of very fine fibers that penctrate the
auhendacatdial laner Toldt ™ and extend to the sentncles auncles papiliany muscles and
papillary tendons

Tine gangla probably exust 1m the heart substance Stdhr ® In lower forms the calf for
example they are plentiful Remak® first described them in man thewr presence 1s eontro-
veroial. Authonties ble Smumov? Valedenshy? described timy gangha in the wall of the
\entricles down to the apez Jacques ¥ Vigna!® and Dogel in the tpper one third or one half
of the ventnrular wall only others humted to the suleus area The mngha 1n all instances
appeat to be placed superfically on the myocardium Wilson® 1s authonity for fin ing them as
multipolar gan honated cells i the bundle of His and Tandler® in the posterior auncular wall
terminal sufeus and mterauncular septum There 1s ho unamouty of opinion on the exmstence
of focation of motor nerve endings in the heart (Retnus®) 1t has been stated that onls the
mvocardium contains them

Sensory nerve endings have been described 1n all three heart Layers and Tandler stresses
this pancardial arrangement The heart and large vessels have a nch sentory innervaton
Koldher # Jegorow  Dogiel” desenbed nich supphes especially in the adsentitia of the large
tessels Manouehan ¢ described sensory nenve endinvs in the aoruc wall also Stmmow ! who
believed the preading network he aw represented the ongn of the deptessornene The
hesrt possesses an extensive supply of nerve endings according 1o Dogel * Michaelow v
Schm.3t® Jacques Demoor* W oolward #

Tue pudmancsy lesuses. Branches from the 11 2nd 3rd 41b horacie gangha 42 pul
monan branches of the vagus nerses uhite to form a network behind the trachual afureation
Tl network surrounds the trachea anteniorly and posteriorhy and nerve fibtes leave thus per

word 1g accompans the pulmonary artery 1o the night and left holes At the hilus anterior
and postenor putmonany plexuses are formed

Toe esophageat plesuses recene supplies from the cardiac plexuces
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the fourth cardiac nerve ansing from the 1st theraeic ganghonic component of the stellate
ganghon, and (5) communicating twags from the supecficial pletus From these deep pletuses
branches £o to (1) the left and right antrum of the heart (2) to the left and nght antenor pu}
monary plexuses (3) to the left and nght coronary plexuses {4) and to the superficial cardiac
plexus The deep cardiac pletuses as a whole separate into two good sized coronaty plevu es,
one to the right and the other to the left side

[efr vagus

lft superier. cardiac,
nerve

Xus

1.1t /manary
A

F1¢ 0B Lateral Vien of Cardiac Plevus

The right coronary plexus consists of fibres from the deep cardiac plesuses and fiom the
superticial carchac plexus and urrounds the aorta and the ortfice of the right major coronary
vessel This plexus follows chiefly the right ventricde and the nght auncle

The left coronary plevus 15 formed mainly from the deep cardhac plexuse but the superficial
cardiac plesusalso sends fibres tost This coronary plexus runs downward Lelund the pulmonary
astery to teach the ongin of the left coronary arters and continues its ramufications so that
one part of the plevus accompanues the coursc of the descending ramus of the coronary artery
in this way resching the antenior surface of the heart down to the apex the other portion of
the pletus suns to the margo obtusus of the heart A very small part of this plexus reaches the
posterier urface of the heart this surface s supplied mamly by the nght coronary plexus

Spreading along perivascular connective tissues neryes from these pletuses form a fine net
woth and this m turn a dehcate bnllar network that endsin theepr myo endocardial lay ers
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fn each lyer these termnating nevse Gbres have somewhat different armngements In the
epicardsm thes may ot may not have a capsule Michalow 7 1n the mvocardium only the
mddie porion of the tusculature recves plesal fitres the superficial musculature 1s 1w
senated by the epicardial plevus dlose to 1t the imner musculature 1y an endocardial
plesus 4 subendocardhal lay er exsts also and tonsists of very fine fibers that penetrate the
subendocardial laver Toldr® and extend o the ventrcles auncles papiliany muscles an}
papiliary tendons

Fine gogua probasly exst 1n the heart substance Stohe * fn for er forms the alf for
example thes sre pletful Remald? first described them an man their presence 53 contro-
ser al. Autborities hie Smurnos ¥ Valedenshy? desenibed tiny gangha tn the wall of the
\entncies dana ta the apex. Jacques * Vignal® and Dogel? i the upper one third of one-balf
of the ventrcular walf onfy others fimuted to the sulcus area The ganghia 1n all instances
appear to be placed superficaally on the myocardium Wilson¥ 15 authonts for Frd ng them as
mit patar ganghonated celis 1n the bundle of s and Tandler® s the postenor auncular wall
terminal sulcus and mterauncular septum There 15 no nnarem ty of of tricn on the existence
o fecation of 7 otor merve endungs on the heart (Retzms™) it has been staied that onh the
avsocardium contans them

Sensory perve endines have been described 1 all theee heart lavers and Tandler stresses
ths pancardial arrangement. The heast and Jarge vessels hase a nich sensory nnervation
Kellher # Jegorow © Dogiel desenibed nich supplies e<peciathy 17 the adsentitia of the farge
sessels Manouehan  destmbed sensory nerse endings 1n the acrtic wall 2lsn Smumon * who
eliesed the spreading networl. he saw represented the onon of the depressornerne The
Seoxt possesses an extenive supply of nerve endigs according to Dogie) ? Michaelow 7
Schmdi 2 Jacques D maoor * W oafmard ®
mu::':‘ Pbu:w;d ¥ plesusee Branches rom B 1t 2nd 3rd 4th thoraae gangha and p
b nches Of the vagu nerves um e to form @ network behund the trachial f ifureation
mmn:;::: :\u;:::n‘ise l"le‘mthtz antenorlv and postertorly and nerse Gices leave tus net
i Pulnionary artery to the nght and left halus At the hlus anterjor

Postenor pulmonary plexuses are formed
The roptageal plesuses reverse upphes from the cardiae plexuses
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Tic 41 Tibres from the Hypothalamus to the Cardiac Plexuses This dragram is shghtly
modhfied after that of Beattic Brow and Long ' It llustrates that fibre tracts pass down from
the nucle: s the postertor part of the hy pothalamus to the spinal cord The fibres emerge at
the upper thoracic level reach the sympathetic stellate ganghon and thence the heart Ex
penmental study on these tracts by these nvestigators 1s based on the exrlier observations of
Levy® who iscovered that ventricular extrasystoles from chlsroform anesthesia were
abolt hed by extirpation of the stellate ganghon or by removal of the postenor hypothatamic
nucles Beattie Brow and Long not only confirmed this but they were able to trace spino
hy pothalamic tracts that underw ent degeneration when nucler 1 the postenior portion of the
hypothalamus were expenmentally damaged
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CHAPTER VI

The Vagal Supplv to the Heart and
Aorta

\AGLs nenve consens of 3 large and extensne system of which the
Tn;dw-aomc innersation 15 but a smaller part To understand the ana
1omic and phy sivlogic relations of the eardioaortic mnennation other portions
of the \azus system are ncloded \t the onset the question 1s relevant 15 the
vagus truly an afferent conductor of cardio-aortic pawn? That 1t transmits pain
from the musculatore for example of the bronchi the intestines 15 not dis-
puted but 2 similar activity 1th respect to the cardion ascular structures s not
as defimte Tn ats prumttve form the nagusis a cardio-gssine nenve lateran
hugher anumal forms 1t assumes 3 pulmonary function but it retans alsavsats
primary character 5 a supervisor and regulator of the heart and aona of the
pastroantestinal tract and of the lungs For the tran mus 1on of cardio-aorbie
pan the sympathetic neryes 3re adequate 1n every way and many expenmen
tal and clical absersations ate on hand to demonstrate that sevenng, of sym
pathetic toutes w1 abolish pain Snglar conclush e data on the eardio-aartic
‘acal iwnen ation does not exst as far as we hnow
A description of the vagal supply to the heart and aorta however cannot
be omatted fiest because vagal manfestations of angma pectons are part of
the ma 5 attion of the autonomic system Second because dramatic constincine
features i the throat n the epigastnium and 1o the chest itself are induced by
faotor nerves which belong 1o this system third the vagus regulates the heart
tate mfwences the amphtude of heart muscle contrartion and through the
aortz controls «hanges sn blood pressure lastly the vaqus m some portions
and upder some circumstances acts m a way to perrmt the interpretation that
it may be an accessory conductos of pam
The vagal carcho-acrtic mnenation po sesses a Jarge number of fibers that
enter the eardio-aorusc plevuses connecting, with many other plexuses m the
thorax (Fig 46 41 48 also Chapter IX) In all these plevuses vagal fibers
mngle freely but effect no wosculations with similar plexal fibers of the sy ™pa
thetics The tracts for the heart and aorta from the « agus spring frae the trynh,
Tetnine e o et et e b et
From the cardmc and aottic Plevuses “n L Tecureent faryngeal nerve
aPerent fibets ave deseribed as runmn
up1ard 10 the trunk ganghia and thence into the medulls where the & :
‘;;“‘-h vagal nuclear structures and where they may miersect :m:u: r:::v:
ers notably those 1 the <ensory component of the fith nerve Aferent
169
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fibers run between the trunk ganglia and the superior cervical sympathettc
ganglion In these ginglia lie nucler of (motor) efferent fibers that supply cra
nial structures

A special nert e strand, the depressor nerve 1s considered by some authorities
as a separate distinct afferent pathway A description of this nerve will be found
1n Chapter IX

The vagus has many anatomical connections with other nerve structures
{I'y, 45, p 176) In the chest and neck, its cardiac branches communicate freely
with the branches of all the cervical sympathetic ganglia Tt sends connections
into the ansa Vieussens and shares richly 1n the formation of many plexuses in
the chest and nech In the cervical region 1t anastomoses with the Ist and 2nd
cervical nerves bringing pun into the structures supphed by these nerves
Tts cephalad connections into the supenor cervical ginghon and its eatry and
termnation nto the medulla have already been mentioned Vagal fibers have
also been discovered m the sympathetic innervation, for example 1n the su
perior sympathetic cardiac nerve Such fibers have been traced to the vagal
trunk gangha and arc an example of the presence of fibers of one autonomic
division within the other division This mterplacement 1s not of greit moment
according to our present understanding, since the fibers of each division retamn
their mherent phystological character cholinergic or adrenergic The anasto
moses between the vagus and various portions of the sympathetic system and
the profuse mingling of end fibers of both sy stems 1n many plexuses 1s probably
of anatomic nterest only and without any mpheation that impulses from
one autonomic division actually pass mto the other wtonomic division
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Fic 42 The \agus \erve irom the Brain to the Cardiac Plexuses

Fic 42 The Vagus Nene from the Bran 1o the Cardiac Plexu es The heart and related
structures tecer ¢ 8 vagal as well as sympathenc innervation Wath exceplions to be noted
later the vagus nerve bas 4 general symmetncal distnbution

Tn the medulla the vagus has tno effector nucie and one feceptor tract The nucle: conust

142) the & rsal motor nucleus wh ch s purely sympathetic in its action and {2) the nucleus

mfiguus which 15 somatic (motor) in function and 18 therefore unler voluntary tontrol
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Fibres from the second nucleus (ambiguus) go to other cramal nerves and 1n connection with
angina pectons, are of speaial interest by virtue of their innervation of laryngeal muscles,
The receptor station the nucleus of the tractus sohitarius 15 a longitudinal column of cells
with which dendrites of the tractus solitarius make connections The visceral afferent fibres
that run in the vagus system have therr cell bodies in the trunk gangla chuefly tn the nodosal
‘The central extensions of these fibres proceed to the nucleus of the tractus sohtanus and form
syniptic connections with 1t

Trom the upper ganghon of the trunk the jugulir ganglion smaller and higher than the
nodosal two branches emerge (J) 2 meningeal to the dura mater in the posterior fossa of the
base of the skulland (2) an aunicular branch theso called Arnold s nerve This htter commun
cates with (a) the ty mpanic branch of the glosso pharyngeal nerve (/1) and with the facial
nerve within the aqueduct of Tallopws The auncular nerve supplies the back of the pmna of
the car the bony part of the external auditory cantl and the outer urface of the lower portion
of the tympanic b The nerve ttes suf 1ty with the postenor auricular
nerve The jugular ganghon anastomoses with (f) the superior cervical sy mpathetic ganghon
(2) the spinal accessory nerve and {3) the petrous ganghon of the glosso pharyngeal nerve
{not constant)

The nodosal ganglion 1s larger Jower and has the following branches () \ pharyngeal
nerve which forms the phary ngeal plexus with the phary ngeal branch of the glosso pharyageal
nerveand with the branch from the supenor cers tcal sy mpathetic ganghion This plexus preads
to the muscles of the phary nx and soft palate excepting the sty lo phars ngeus and tensor palatt
muscles (2) A supenor laryngeal nerve which divides 1ato two unequal divisions (a) a large
internal lary ngeal nerve and (6) a small external laryngeal nerve ‘The former 1s distnbuted to
the mucous membrines of the larynx reaches the epiglottis and the bise of the tongue and
communicates with the inferior laryngeal nerve The small external laryngel nerve supphes
the inferor constrictor muscles of the pharynx and ends in the crico thyroid The nodosel
ganglion communicates with (£) the superior cervica) ganglion (2) the by poglossal nerse (3)
the loop that connects the first and second cervical nerses and (4) the accessory portion of the
spinal accessory nerve
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Fic 43 The Vagus (¢ ntinwed) T/e certcal branches These snise 1n the nech an 1 consist
of t1) carbac 1 ranches an 1 (7) the nght recurrent laryngeal nerve

{11 The card ac tranches come off the trunh There are upper 3n  lawer groups or diisians
of these it res On the night s le both sets upper and lower descen  1to the thorax behund the
subclavian artery and then proceed along the ide of the trachea t enter the deep car liac
D) Tu On the left side bath groups separate as they enter the thorax. The supenor dwision
{01 nerve) descends along the trachea and goes to the left deep cardiac plexus the infenor

Fic 43 The \agus \enve (conunued)
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duvssion (of nerve) runs alongstde the vagus trunk to the aortic arch and thence to the uper
ficial cardtac plexus

{2) The nght recusrent Jaryngeal (infenior laryngeal) nerve springs from the trunh of the
vagus at the root of the neck, as the trunk crosses the first part of the subclavian artery This
recurrent nerve swings around this artery and then travels abliquely upward inward and
behind this vessel as well as the common carotid the inferior thy roid arteries and the thyrod
gland ‘The mnervation of the laryngeal muscles represents the termination of this nene
The following branches leave 1t in its course

{a) Branches to the cardiac plexus The<e fibres emerge as the nerve proper curyes around
the ubclavian artery they descend along the tracher and as  thoracic branches end i the
deep cardiac plexus () The other branches of the night recurrent nerye have at most an
direct refationship to the cardio aortic mnervation They are as follows communicatine fibres
to the inferior cervical sympathetic ganghon these emerge from the nerve behind the sub
clavian artery muscular branches to the trachea esophagus and the nferior constrictor
muscle to the pharynt termumal fibres that supply all the laryngeal muscles exceptin® the
ertco-thyrord and fibres that communicate with the internal larymgeal nerve

Thoracsc branches The thoracic cardiac nerves consist of the Jeft recurrent laryngeal nene
andts branches to the heart and thoracic cardrac branches

The left recurrent laryngeal nerve leaves the vagus trunk as the latter crosses the tortic
arch The recurrent rerve winds around the aorta external to the hgamentum artersosum and
Iyming between the trachea and esophagus 1t ascends the superior mediistinal space to the
neck The course and relation of both recurrent laryngeal nerves 1s the same tn the nech The
hranches of the left nerve are larger and having a shorter distance to trivel to join the left
deep cardiac plexuses they are accordingly much shorter Thoracic branches leave the vigus
trunk 1n the supenor medastinal compartment and descend along the trichea to the n it
deep cardiac plexus

On the left side the thoracic branches consist of thosc that leave the loop of the left r¢
current laryngeal nerve

In addition to these left recucrent fibres there are other thoracic vagal fibres for the heatt
These spring directly from the vagus trunk m the supenor medistinal compartment and
descend along the trachea to the nght deep cardiac plevus The thoracic tibres on the left side
are the continuation of the cervical branches that emerge from the loop of the luft recurrent
laryngeal nerve



F16 44 A Lateral View of the Left Vagus Nerve The upper disisions of cervical vagal
branches canverge upon the pharynx livnx and thyro d regons 4 loner divi on descen is ta
the uperficial ¢ réhac plecus on this side o already stated The recurrent laryngeal (inferior
lannge 1 oenve on this sile winds around the a mic arch an} then ascenls alon~s ic the
deeper a pect of the trachea finally communicating with tranches of internal laryngeal nerve
1t has an anastomos s with the branch of the infenor cervical sympathetic ganghon The
card ac fibtes th Uleane the boop of thas tecurment nerve form a thacker larger and shorter
bundle com pared with the right s1le The other branches of this nerve have already been
described.

17
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Tie 45 Connections betneen the Vagal and Sympathetic Systems 1 Relation to Angmal
Pain £ Connections between the superior sympathetic cervical and the vagal gangha 2
Vagal connections to ¢ 1and 2 3 6 Connections betw een the supersor branches of both sys
tems 1mular commumcations connect the middle and inferior branches 4 Anastomoses be
tween the recurrent laryngeal nerve and the superior svmpathetic brinck 5 Connections
between the recurrent larvngeal nerve and the ansa 7 Anastomoses between the vagal and
sympathetic fibres at the cardiac plexus & Vagal connections 1ato the superncial cardia¢
plexus
Note particularly these relationships and how they lend support but no proof that stimult
fram one system might overflow 1nto the other system especially at the level of the supenor
cervical sympathetic ganghon and of the trunk gangha of the vagus This wou d mahe 1t pns
sible for afferent vagal impulses to reach the brun structures through the superior s mpathetic
cervical ganglion even if the cervical ganghonated chain belaw this level were interrupted
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INASTOVOSES BETWFEN SASTEM> hh

Gtion Biss w0 addivional and specufatn g iterest The an<a loop s brought into
1ebbon with the sympathetic vextebral plexus and f it be accepted as some
wantain that the plesus contains afferent cardioaortic fibers this rddatonship
would point to another afferent cardio-aortic pathway with which the recurrent
nene of the vagus would have anatomic contact The thurd anastomosts be
xten the trunk gangla of the vagus and the supenor cent scal sympathetic
om fion 18w ¢!t defined anatorucatly but has faed to reveal any afferent et
dac fibers for the transmission of yupules except those alluded 10w Chapter
\Ltrmersing the supenor cerical ganghon but Aestined for the vagal gangha
Heabecker
In addton there are @ mumber of other anatomc connections between
ang] and sympathetic nerves shich are wconstant and vamable Murra?
found that the supenor svmpathetc cardiac nerve sometumes entered the
vaoal trunk, Braeucher® described connections between the supenor ssmpa
thetic gan bion and the supenor laryngeal nerve and Tandler™ hetneen the
~mpathetic cardiac branches and the superior laryngeal nenve The supenor
sardisc nen e has been observed to hne one vaal toot 2 supenor larvngel
dernstion and the other svmpatbete Danwlopolu® quoted Brockt as baung
e {10, Rerve anise feom the wfenar laomgeal and glosso-pharvngeal nerves
Int the pharyngeal and larvngeal plexuses go branches of the agus rene
aod branches trom the supenor cenvical sympathetic ganghon a po stble con
ection s yophed here Hirchfeld- found anastomoses from the vertebral
rvene to the middle sympathetic anghon and to the cervieal svmpathetic
wark {this unusuit anastomosss is entrely sympatheuc) 1rom the wienor
1“'““\ Svirpathetic yanghion occasionally ihers ate branches to the recorrent
;‘:‘g;:"lrzzcn: 1 hers of both cystems sometimes bie W the same tract ar
estut® and the probabihity that vagal nbers (chohnergic) run in the
smpathet ¢ cord erved Tierstedt £ as the basss for hus explanation of the odd
and rare abservation by W agner™ and Bezold that cardiac inhibition follow ed
Shln\‘nmnn of the cervical sympathetic cord *
T e i o s
™% Gtng g of all the Sreater in man The nich intercom
gest two above seems to sag
possibilities one a better and more readily integrited phy
control over aortre wrd cardiac functions and two y dig Tyawiogie
for short-cireornng centnpetal mpulses 2 readily accesaible means
“econd possibiny maght be especlﬁ]l ?ﬂlﬂ one SyStem 1o another The
Plion ot damage lo} sy eergences that resul from

iy Toutes mn the carduc innena
s assumption of T erstedt and smila

e s nd sumilar observations by others antiapat
o mmhr:u:-c:m wears (hat cholnergc fibres wsually m the vagal s)!tcmmnc!:l ‘hf -
o It m‘mu n and that adrenergic fibres usually 1 the sympatheyy e sy,
e z:c\::q l\nmr:ns Tte mass action of the autonomie system se‘:(ch;c : )“It\m
FEIC OF 33 energic reactions regardless of the lacation of \hs-c: rﬁ) !

res



CHAPTER IX

The Anastomoses between the Sympa-
thetic and Vagal Systems

HE SWAIATHETIC and vagal nerves to the heart have uncountable num
Tbers of fine twigs and fibers that form plexuses (Mg 47, p 1/8) Thee
plesuses of which the cardinc are an eximple consist of masses of closely mter
wouven fibers but with no synaptic arrangements and with no mterfusion o
mistomoses of nerve fibrls from one sy stem nte another No phy siologie proof
easts that this mingling 1s more than an natomic relationship We hue,
therefore no basis for believing that impulses 1n one system pass to the other
n the vast network of the cardic and other plexuses Both systems in general
are hnhed to many similar networks n the thoray nech and head and 1t 15
more than probable that by means of the cardiac mnervation of each system
reflex nctivaty 1s registered 1n almost any of the non cardine plevuses (Ing 44,
p 179) On this basis 1t 15 possible to 1ssume that cardio aortic afferent 1m
pulses are brought mto relation with esophageal laryngeal, pharyngeal, thh
rod and pulmonary plesuses and with those m the brun also Some of the
results that follow from thus are described in Chapter NI among them thepre
vention of angnal pain by thy roid ablation and unavoidable disruption of the
thyroid plevus

The 1natomic independence® of both cardiac mner ations 1s cleatly pre-
served yet there are 1 number of places whiere both sy stems anistomose Three,
at least deserve spectl mention (1) the rather extensne web of communt
cating fibers between the cervical sympathetic and vagal cardine nerves (these
nerves descend m the neck and chest and thew anastomoses are in the neck
and chest Tigs 31 45 p 14> and p 176) (2) the anastomoses between the re
current laryngeal nerve and the ansa loop (Ing 34 Insert A Iy, 4> p 1:6}
(3) and the connections between the superior cervical sympathetic gangfion
and the yugular and nodosal ganglion of the vagus (Ligs 45 47 p 1/6andp
178) Wecannot s1y whether these anistomoses in general are more pronounced
on the left side although 1t 15 recognized that the cardinc nneryation i toto
1s fuller and more extensne on this side This has been attnbuted to the greater
development size and work of the left heart

These anastomoses are richer 1n man than m ammals and more vanable
The three communictting arrangements cited tbove however are fairly con
stant The first 1s 2 rather cotrse and estensn e interbrinchmg web or network
and unlike other networks 1 not primarily pernscular The second communt

* Far 2 drscussion of the unitans phyvsiological acteon of both divi ons  ce Chapter IV

120



A\ASTOMOSES BETWEFN SASTEMS 183

have produced a sharp decling 1 Blood pressure by sectiomn ke depressor
nerve but already i 1368 Aubert and Koever! had obtauned a simlar result by
stmulating the caudal end of the cery 1cal sympathetic chan T'rangows Franch*
htamed the sime efiect attnbuting W to  sudden ddatatiant of peripheral as
well as splanchric blood vessels These phy siologtc responses suggested that
the action of the depressor nerve may be sympathetic in natute and mediated
perhaps through ntimate anatomic connections & 1th the sympathetic innerva
tion Although stmular anatormic connections in man have not yet been es-
tabhshed there 1s no question of the occurrence of sitadar human eardiov ascular
mandfestations wdentical with those atinbutable to the action of the depressor
nerve 1 lower forms

Our 1nterest 1 the depres_or nerve m man 1s tweofold first as a pathway for
the transmussion of tmpulses that regulate the cardiovasular phenomena just
described These 1mpulses are set off pumandy 1 the prowmal pottion of the
aorta {see Chapter \I) According to Hening ** hoch* and Heymans ® the
carotid sinys at the biturcation of the common carouid artery funcuions i a
sumiar manner Second the depressor nerve has been the obect of wurgieal
attacs for the reliefl of angnal pawn (see Chapter WA If)
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tion But these possibilities have not as yet recer ed physiologic or experimen
tal confirmation

We include 1n this chapter on anastomoses betw een both divisions of the car
diac innervation a consideration of the so called depressor nere because it !
not hnown whether this structure functions as a vagal or sympathetic pathwa;
or by 1ts anatomic connections brings both ty pes of fibers into action Inal
Iikelihood 2 pathway corresponding to that of the depressor nerve m lone
forms exists also 1n man In amimals, at least, the nerve runs as a separate anc
independent vagal strand between the aorta and the upper part of the vag
trunh or the ganglia of the trunk Only a few anatomusts have clamned that th
depressor nerve 1 man 1s a well defined structure Vit ® maintained 1t exste
as an 1solated nerve resembhing the condition in the rabbit Koster and Tscher
mack! believed the nerve ran from the aorta to the upper part of the vagus
(they called 1t the aortic nerve), but Vanesco ®as well as Damelopolu, was abl
to follow the nerve to the posterior cardiac plesus and even to the heart wself
Vanesco clumed the depressor nerve, or, at least a structure that resembled it
often replaced an absent left superior vagal cardiac nerve and he agreed witt
Hofer' that this sinistral frequency was greater and that the nerve was seldor
present on both sides 1n the same subject Other authorities Scarpa 9 Sappey'
Bernhardt ? found the depressor anstng from the laryngeal nerves of the vagus
and Tmkelstein 7 Schwalbe ! Hofer reported that the depressor had its ongt
1 or else replaced, the cardiac branches of the vagus hreidemannt stated the
depressor nerve was made up of varable nerve fitaments The lack of agree
ment on the anatomy of the nerve has made 1t a subject of constderable study
and still more controversy , but the consensus at present 15 that mman the ner¢
does not exist as a well defined macroscopic structure

In wumals however, there are apparently a nuraber of authentic idents
tions of the nerve 1he o1, nal publication of Cyon and Ludw ig*1s authontatne
and describes a separate strand 1n the rabbit the excitation of which caused 2
prompt fall m blood pressure In this ammal too anatomic deviations wer
encountered the depressor recerving connections from the sy mpathetic 5)8
tem but 1ts predomnant character as a vagal nerve was not questloned Damie
opolu m the dog, discovered combmned vagal and sympathetic fibers n the
depressor nerve and he ascribed the slowing of the heart to the part played by
vagal fibers and the change m blood pressure to that of the sympathetic fibers
He published expernimental proof of the sy mpathetic pressor action of the
nerve
The phystiology of the nerve has recen ed extensive study 1n ammals chuefly
1n rabbuts and dogs Distal sumulation of the cut nerve produces a prompt fall
1n the general blood pressure and 2 slowing, of the heart rate Thus effect was
descnibed by Cyon and Ludwig n their original publication repeated by hos
ter and Tschermch, and confirmed Inter by Osborne '* Tigerstedt 15 reputed to

fica
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have produced a sharp dechne blood pressute by sectioning the depressor
nene but already m 1865 Aubert and Roever' had obtawmed 3 similar result by
stmulating the caudal end of the cers scal sympathetic chain Trangors Tranch*
oramed the same effect attrbyting 1t to a sudden dilatation of peripheral as
well as splanchnic blood vessels These phy swologic vesponses suggested that
the action of the depressor nerie may be sympathetic n nature and mediated
perhaps through intimate o with the symp ic Imnena
ton Although similar anatomic conniections 11 man have not vet been es-
tablushed there 15 1o question of the occurrence of sumilar human cardior aseular
mamfestations wdentical wath those attnbutable to the action of the deprescor
nenve m lower forms

Our interest 1n the depressor nerve 1n man s twofald first as a pathway for
the transmusion of impulses that regulate the cardiovasular phenomena just
described These umpulees are set off pnmanly 1n the prouimal portion of the
aoma {see Chapter \I) According to Hermng™ hoch* and Tlevmans™ the
carotid «mnus at the ifurcation of the common carotid artery functions in a
sunuar manner Second the depressor nenve has been the object of surgical
atsack for the rebief of angmal pain {see Chapter N\ IT)
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tion But these possibulities have not as yet recerved phy siologic or expenmen
tal confirmation

We include in this chapter on anastomoses between both divistons of the car
dac mnenation a consideration of the so-called depressor nerve because it 15
not known whether ths structure functions as a vagal or sympathenic pathnay
or by 1ts anatomic connections brings both types of fibers into action Inall
likelihood a pathway corresponding to that of the depressor nerve in loner
forms exists also 1n man In ammals, 1t least, the nerve runs as a separate and
independent vagal strand between the aorta and the upper part of the vagus
trunk or the gangha of the trunk Only 1 few anatomists hav e claimed that the
depressor nerve 1n man 1s a well defined structure Vitt ® mamtamed 1t cnsted
as an 1solated nerve resembling the condition in the rabbit Roster and Tscher
mack® behieved the nerve ran from the aorta to the upper part of the vagus,
(they called 1t the aortic nerve), but \ nesco, 5 as well as Damielopolu, was able
to follow the nerve to the posterior cardiac plexus and even to the heart itself
Vanesco clumed the depressor nerve, or, at least a structure that resembled it,
often replaced an absent left superior vagal cardiac nerve and he agreed with
Hofer™ that this smistral frequency was greater and that the nerse was scldom
present on both sides i the same subject Other wthonties Scarpa * Sappes
Bernhardt, found the depressor ansing from the lary ngeal nerves of the vagus,
and Finkelstein 7 Schwalbe * Hofer, reported that the depressor had its ongm
1, or else replaced, the cardiac branches of the vagus Rreidemann'® stated the
depressor nerve was made up of varable nerve filaments The lack of agree
ment on the anatomy of the nerve has made 1t a subject of considerable study
and still more controversy but the consensus at present 15 that in man the nerve
does not eust as a well defined macroscopic structure

In ammals however there are apparently 1 number of authentic identifica
tions of the nerve The original publication of Cyon and Ludwig® s authontatn e
and describes 1 separate strand 1n the rabbit the exaitation of which caused a
prompt fall in blood pressure In this ammal too anatomic deviations were
encountered, the depressor receiving connections from the sympathetic 18
tem, but its predomnant character as 2 vagal ners ¢ was not questioned Damniel
opolu 1n the dog discosered combmed vagal and sympathetic fibers n the
depressor nerve and he ascnibed the slowing of the heart to the part ply el by
vagal fibers and the change m blood pressure to that of the sy mpathetic fibers
He published esperimental proof of the sympathetic pressor action of the
nerve
‘The phyvsiology of the nerve has recenved extensie study n antmals chuefly
1n rabbuts and dogs Dastal stimulation of the cut nerye produces prompt fall
1 the general blood pressure and a slowing of the heart rate This effect nas
described by Cyon and Ludwig n therr onginal publication repeated by hos
ter and Tschermach, and confirmed Iter by Osborne ! Tigerstedt s reputed to
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have produced a sharp decline 1n blood pressure by sectioning the depressor
nere but already m 198 Aubert and Roevert i obtamed a sumtar result by
stymulatmg the caudal end of the cen 1cal sympathetic chawn T rangois Tranck®
obtamed the same effect attributing 1t to a sudden dilatation of peripheral as
el as splanchmic blood vessels These phy sologic Tesponses sogrested that
the action of the dep nerve may be sympathetic 1n nature and mediated
perhaps through ntimate anatomic connections W 1th the sympathetic innena
uon Although symilar anatomic connections W man hane not vet been e
tablished. thete1s no question of the occurrence of sumilar human cardioy asculag
mantfestations identical with those attributable to the action of the depressor
nenve m loner forms

Qur iterest i the depressor nerve 1 man 15 twofold first as 2 pathway for
the transmis 1on of impulses that regulate the cardiovasular phenomena just
described These impulses are set off primanly w the proumal portion of the
aorta {ses Chapter \I) According to Henng ™ Koch* and Hevmans " the
carond sinus at the bifurcation of the common carotid artery functions in a
wimilat manner Second the depressor nenve has been the object of surgical
attach for the relief of anginal pain (see Chapter \VIf)
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SECTION TOUR

Reference, Distnbution and Simulation
of Anginal Pamn

CHAPTER \

The Dermatomes Concerned with
Anginal Pain

or TrE mediation of Teferred angmnal patn the visceral afferent fibers from
Fth: heart and aorta are brought into relation with samatic afferent fibers
at & common entry ie the upper thoracic levels as a rule of Thi-Thi on
the lelt side We have already noted that the exact locaton of a common
entry or locus of comergence 15 not defintely established According to some
authonties the mediation and transfer of pam 1mpulses 15 accomplished 1 the
Qorsal grey matter substantia gelatnosa Rolandu others agan mawtain that
the meduation takes place m the dorsal gangha or roots

The segmental my omeres of the body have an intninsic reflex established early
m embryonat Wfe This refiex passes through the spinal cord well below the
braw stem The reflex appears to be extra rather than intraspinal and 15 re
lated probably to the dorsal roots The sensory supply to each trunk myomere
(or dermatome) consists at least of three consecutnve dorsal roots and 1n the
case of himb dermatomes of about five dorsal roots This plan segmental char
acter of mnervation persists exen though i the case of the extremities the nng
formation of myomeres 1s not easily distinguished

The ugwal ot common dermatones for anginal pawn are supphed by nenves
from Thi Th levels occasionally C8 and ThS are included Thisterntory and
M5 wnervation are described The uncommon districts also with their smnena
tions are delineated The special physiological and clinical considerations on the
subect of referred pain are dicussed 1 Chapters \I and \I11
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Fic 49 Ventral View This s a schematic representation of the antenor dermatomic %
ments from C 3 to Th 6nclusive Of these only Th1to4and po sibly CS and Th 5 are con
cerned withanginal painasarule The dermatomce segments on the thorixarea enies of almost
parallel grdle hke stripes or bands encirchng the entire thorix This pattern of scgmentat
dermatonuc dhstnbution above the thorax is readily recogmzed when the human fang &
sumes the quadrupedal position the scyments runmng down the forc kmbs nstead of en
archng them

In this illustration the left fore arm 15 raised and extended 1n order to how the arrnge
ment of dermatomic <cgments on the ventral aspect of the hand foreiem arm and shouldet
1n relation to those on the thorax
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Fic 50 Posters t Vies This postenor view of the same regon eshit its the same general
amangement 1t 1s of some interest that the dermatoruc band of Th2 3 $and 5 segments are
wnunuous as engurdiing bands around the thorax whereas above this devel all dermatomic

and ase follow ed from the pinal § ne.on to the postenor

a-pett of W e left arm only after sypming mien enrg areas belonging 1o other segmental cord
els
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T'16s 51 and 52 The Spinal Cord Levels and the Dermatomes of Th 1-4 The relationship
of the dermatorc surface areas supplied by Th1 2 3 4 to the pathways of referred cardiac
pamn s illustrated n these drawings

The upper figure (T1g 51 p 188) 1s of the first thoracic level Afferent somatic fibres from
the corresponding dermatomc surface 1n this instance from the ventral aspect of the forearm
travel to the posterior spinal ganghon of the postenor division of the spinal thoracic nerve
Within ths ganghon a cell receives each centnifugal fibre and then sends forth a centripetal
extension or fibre into the spinal cord This intraspinal afferent somatic fibre reaches a junction
1 the substantia gelatinosa Rolandu

A second pathway 1s necessary for referred pam This 15 made up of afferent sy mpathetic
wvisceral fibres that Jeave the cardiac plexuses and ascend in the mferior and middle cervical
cardiac nerves Passing unbroken through the stellate and middle cervical gangha these fibres
traverse the white communicating ramus of Th 1 and enter the postenor duision (roots) of
this first thoracic nerve Stll uninterrupted the fibres enter the spinal cord and reach the junc
tion in the substanti laty already 1 1 connection with the somatic afferent
fibres The afferent visceral fibres from the cardiac plesuses to the spinal synaptic junctional
zone are continuous and have no relay station

It 1s clumed that the substantia gelatinosa 1s the locus of convergence of somatic afferent
and sympathetic afferent visceral impulses and that from this locus impulses are picked up
by the spino thalamc tract and conveyed contralaterally to the thalamus and cortex These
pathwavs somatic and sympatt are the on which Martyn Hlton
Ross Head and Machenzie (for references see Chapter \I) built ther cutaneo wisceral
conception of referred pamn (see Chapter XI) Each dermatomic area 1s considered an extemal
patch capable of announcing pam from a segmentally related msensitive organ 1n this case
the heart

A similar description holds for the spinal cord segments of Th2 3 4 etc for each segment
there 15 1 related dermatome (Fig $2 p 189 for Th 4)

The enlarged draning (insert A of Fag 51 p 188) of the nerve structures at the Th 1 level
for example enables the student to visuahze the sympathetic and somatic pathways The
afferent somatic fibre 1s represented as a dotted line the afferent sympathetic visceral fibre 1s
drann as a continuous unbroken hine the spino thalamic tract is visible as a dark line ascending
toward the thalamus
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TV wd Terer sng of Refvrrod Argemnl P

Fio 3 The Lsal Terntory of Referred \nwinal Pam Thus drawing 15 in the nature of
an outling or tusp of the dermatorne ared S0l €4 1 the comrron distnt wocn of referted
angnal pan the area 18 smstral a3 nle Mo ¢s the cutaneous surface ling over the
pectoral muscles and 1s congimuoy w1 & the sentral smner surface of the left arm down to the
web between the fourth and bith fingers pcluding the 120 w2 aveg of the enure hith finger

Reterred anginal pan asa rule  tays confined within the borders of thus area There are
however tmportant and sigmbeant exeepyons The ¢orrespondin~ postenor areay not drawn
tecate snoulath enow ky postenor referece of cardumc referred pun 15 ferparatively
uncommon.

4t Awehavea di gran of the parbgular portion of the cardiac sytopathelic mner aban
concerned wath the reierentt of po 2 @ e cutansou  dermatomic areas depicted abo ¢
Iimc les the finafsegments Th1 2 3 and 4 211 the comespontin  [anal nerves whsh
emerge tom e pnal cord as antenpr 2 @ posteryyt divisions to unite an 1 conbinue as one
trunk behond ahe cotre pon ling sympathetie gangla Commomeatng whte rame and grey
ramt connect each Twaal perse to its corsesponding simpathetic gan fion Only the mud Mg
3¢ le ) 0 tdllate! sympathetic sangba 3 ¢ 27K wecause 1t 18 generally accepted that sen
sors impulses 30 not reach the upper cervical ginglion



192 ANGINA PECTORIS AND MYOCARDIAL INFARCTION

nu -—»I\’Jw-fl?fmJAnjulPu

Fic 54 The Uncormon Territories of Peferred \nmnal Patn Above and below theder
matomic district into which anginal pain 1s commonly refesred lie smaller areas The upper
2zone 15 supplied by the brachial plexus and upper cervical nerves C2 3 4 5 1nnervate the
surface area of the upper chest and shoulder region C 6 7 8 the ventral outer aspect of the
arm The lower zone recenes its innervation from Th 5 and 6  ometimes from stll Jower
thoracic nerves These du of pain are far ften simstral than dextral
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Fi6 55 The J eft Sympathetic Carchac Innervation in Relason to the Brachial Plesus of
the Same Side Only a smal} portian of the brachiaf plexus is commonly brought into relation
with the nerve supply to the heast This smal) portion consists of th  first and second spanal
thomac nery es which act as somatic pathwavs i the reference of anginal pmn Other partions

of the brackual 1 lexus are known to particspate 1 tneommon distnl ytons of anmaal pan
{or fuller dhecuss o see hapter \Tt



CHAPTER XI

The Distribution or Reference of
Angmal Pamn

Pu\ that has 1ts ongn 1n the heart, coronary vessels or aorta1s generally re
ferred to other regtons of the body and these regions are related to the
heart by nerve pathways The term referred pam as employed m this discts
sion sig nifies that pain 1s expenienced n areas other than the sites of ortgit Ir
many cases 1t will comcide with referred patn as explamned by Martsn® Hi
ton,?” Ross,* Head,!* and Machenzie,™ and n other instances 1t will epresent
a distribution 1long routes not included 1n the description of these authors
We shall discuss the subject of refcrred pamn under four headings (1) the «tes
of 1ts origin, (2) the distribution nto the common ternitory through pathways
which are well recognized, (3) the distribution into uncommon areas by nith
ways which are not so clearly understood, and finully (4) the charactenstics of
referred cardiac pam

I Sites of Origin®

Dun 15 often centered in the heart or heart repton nd thus sncludes the first
of prouumal, suprasentnicular, portion of the aorta Seme authorities have
maintamed that the point of ongm, aorta or heart determmnes the spectfic
character 1nd mamfestations of the pamn Allbutt! and Wenchebach® argued
that the 1orta was the prncipal, if not the sole seat of anginal pain Alibutt
wrote that angmal patn was produced by rntation of the nerve endings 1n the
first portion of the aorta, and Wenchebach, also Fppinger and Hofertt * and
Hofer % emphasized the role played by the changes n blood tension within the
aorta that affected the aortic or depressor nenve  This school correlated with
angmnal pun not only 1ntra aortic 1lterations but primanly actual pathologic
changes i the aorta 1tself

Howeyver, the attempts to explun anmal pun on ths Itmited basts proved
unsatisfactory largely because many discrepancies were noted between the
autopsy findings n the aorta and the antecedent chnical picture Artero
sclerotic changes m the aort werc frequently not associted w ith pun n rhey
matic aortic disease pain was more often absent than present and cven 8
luctic aortitis anginal pan w1s by no means an invartable occurrence The core
nary vessels that supply the norta were held responsible for the aortic changes

that produced angnal pan
*#See Chapter \III on the physiology of pain
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n 2u analogous manner the cotonty vessels of the heart came to be re
site of pan This point of siew was of course not new
guded as the prurafy P o he “ossification of the
(Jenner> had already wntten to Heherden ¢ about the osi ; "
coronary vessels of the heart 1n angina pectonis and Parry®* held the same
+iew) and although it had wuch spporent vahidity 1t cauld not oy :rc:!lm::l ch
Laim objections Tt was obsenned for example that although many indindual :
with angnal patn had atterosclerosis of the coronary v es<els there wereanginal
\ictims without such nolvement furthermote many of advanced age re-
mamed free of angmal pain though they shoved pronvunced chome arteno-
selerotie chamges 1 the aorta and 1 the cardig vessels
Swnce pathologe change 1n these structures so frequently faled to corzelate
sith angnat pamn or the rest of the syndrome of angina pectorss or acute myo-
cardial nfarction many obserters concluded that the most probable explana
tion of the thncal mamfestations of pam was spasm of these coronan vessels
{Chapter \III} Wenchebach d that stasisand d took place 1n
the coronary vessels and that the distention produced pamn or sumilarly that
depressor reflexes 1n the coronary vessels brought on alierations sn blood pres-
sure 1 these 1essels and 5o led to pawn In these points of view the emphasis
was on the phy siologic not anitomie function of the coranary vessels and this
emphasis still holds with respect to genesis of anginal pain and angina peetons
as propounded by fater wnters
The heart stself rather than the aorta or the nulrient coronary system came
to be loohed upon as the actual seat of the anginal pun The heart muscle of
angnal sufferers 1s often damaged the extent and natute of the damage de
pending upon the nature and duration of the disease that attacks 1t Vet as i
e ease of the aorta and coronary vessels the myocardm may be marhedly
diseased and cause no patn Despite ths the myocardial euology found many
adherems <ome of whom modifed 1t For example Dantelopolu tus Wihitten
that the metabolites of mruscular action have a tovic effect and produce heart
1ailure and pan also that anginal pain is an expression of my ocardial mpair
ment that folloss from madequacy of toTondry curenlation in the face of un
tolerated physical strain Fhe crmmers ge of the cancept of angnal pam for
rearly all students ot the problem is the madequacy of the coronary circulatign
and the enswing effect ye anoxema of the heart muscle (Chapter 1)
From a practical powt of view and our present kronledge 1t does not seem
possible to localize an,, nal pain more accurately than i the hears ot the region

of the i;ml In many respects it wonld be of advantage to discover the exact
ot of onewmn of cardiac pun We
s so pi bave howevcr until now nat succeeded 1n

REFFRRED ANGINAL Pany

pathways of referred anginal pain are complicated and
atall we must first have a ear understanding of the

The mechamsm and
to comprehen them



CHAPTER XI

The Distrnibution or Reference of
Anginal Pain

P ATV that hasits origin in the heart, coronary v essels or aorta 13 generally re

ferred to other regons of the body and these regions are related to the
heart by nerve pathways The term referred pain as employed n this discus
ston signtfies that pain 1s experienced 1n areas other than the sites of ongmn In
many cases 1t Will coincide with referred pain as explained by \artyn,® Hil
ton ™ Ross ¥ Head,"” and Machenzie,® and in other mstances 1t will represent
a distnibution along routes not included 1n the description of these authors
We shall discuss the subject of referred pun under four headings (1) the wtes
of 1ts onigin, (2) the distribution 1nto the common territory through pathwavs
which are well recognized, (3) the distribution 1nto uncommon areas by path
ways which are nat <o clearly understood, and finally () the characterstecs of
referred cardiac pam

I Sites of Origin*

Pain 15 often centered 1n the heart or heart region and this includes the first
or proximal, suprayventrcular, portion of the norta Some authorities have
muntained that the pomt of onigin aorta or heart, determmes the specific
character and manifestations of the pamn Allbutt! and Wenchebach®® argued
that the aorta was the principal if not the sole sent of anginal pamn Allbutt
wrote that anginal pamn was produced by intation of the nerve endings in the
first portion of the aorta and Wenchebach also Eppinger and Hofer! 1 and
Hofer, * emphasized the role played by the changes in blood tenston withwn the
aorta that affected the aortic or depressor nerve  This school correlated with
angmal pain not only mtra aortic alterations but pnmanly actual patholoalc
changes i the aorta 1tself

However the attempts to explan angmal pain on this imited basis proved
unsatisfictory largely because many discrepancies were noted between the
autopsy findings in the aorta and the antecedent clmical picture Arterto
sclerotic changes 1n the aorta were frequently not associated with pun m rheu
matic aortic disease pain was more often absent thin present 1nd even m
luetic 10rtitis anginal pain was by no means an v unble occurrence The coro
nary vessels that supply the aorta were held responsible for the tortic changes

that produced anginal pain

*Gee Chapter SIII on the physioloyy of pan
194
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of paim are then ¢ pded up by the <pmo-thalamsc tract and comvcyed anto
conscionsness as referred pam According 1o 1 hwrge number of authorties
b area of comermence ihay meetng place ectablished 1 the spmat cord 2
smlar zone has not been discos ered mn the brar

Tt s hnown of couree that Anginal pan is often reflected into non cardiae
wsaalls perpheral or dermatome distnsts and that the reflection or rrtation
1sachiened by the cooperstion of somatic nenes that tead from dermatomes
The connection between the ntegument of the bedy and the central nenous
“ustem 15 lad down n the earhy days of embriomal lfe a portion of the n
teoument develops into the central nerous system and the s\ niself neser
foves tts neuragemc properts This earh intrinsic reflex betwneen bady somites
mcudieg L zud the centrsl nervous svstem below the bran stem persists
during hfe and 15 the basis of referred pam o dermatomes The sensors in
bervation of each trunh myomere (or dermatame) conasts of three adiacent
dorsal Toots amd of about five dorsal Toots 1 the case of the imbs We shall
e that this plunt segmental areangement has a practical beanng n studving
clinseal features of referred pan  The capacity to expenence referred pam
d 1s probabh a biojogical end t and eusts s all lthelthood i
3% spevies Inmoan tis tvpe of pun 1o,2ther with intrabiodis pasn becomes
& grim but benencent danger signal There are occasions when the shin alone
s the announcer of v ceral pain

From Reberden s dav 1f not earlier we have been eonfrunte 1 with the prob
ferm of expluming the mechamsm of referved anginal pam As eardy as 1964
these na clear description by Marty ¥ of referred cardwc pain and the path
wavsfor it He recogmized that upper thosacie spinal cord segments also sym
pathenc and intercostal nerves as well as dermatonue zones participate n
the reflection of carduc pawn  Inframamman, paw is a referred seumalme
expression of some distress an the heart, he wrate A sagacious Fnglish sur
geon Hilton ™ who was a contemporary of Martyn knew this also Ross#
:‘:?;e“:‘:,‘c\];.;,’;z :\;\;,:c; zu:lx argued 1Er an rntable focus m the spinal
Mackenzie " elerred pam toch place Later Head” and after tam
Mackenme \\;\:t::d:: and Se\’ell?ped the concept of referred pain Tt was
Viscera, ate u\sﬂ\s\‘\\\eu\“n - a:;mg Premmises as of major importance (a)

eted o pun (b) dermatomes have their soutc
related orgsn and (¢} the mediation of seferted pam takes pla

already commented 1 the ce as we he
e spinal cord
chalienge P These premuses however are apen to

e of patn m a

lhﬁ:n\c[cm;ng the first premuse 1t would nat be accorate toleaye the impressio
Ackenzic may not have been anare of the mh iy
ot o ot b ¢ infierent sensivity of vig
act it was known to R
ooy 2 0ss 10 18%7 and to Head
©  pain from an ergan dufers f
" tom  splanch
k:nz“;e nr:xm‘\:e Mery organ that ss the source of thus smsa\mnp A\th: ‘Ch {l;\m
Ut have known that organs are sensity e o pam he ududii th s
sas
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nervous supply to the heart, coronary vessels and 1ortr This consists es en
trlly of 1 vagal mnervation ansing w the bram stem supplving the 1orta and
heart and 2 separate sympathetic mners ation betw een the same cardiovascular
structures and the spinal cord At mny points the vagal and the sy mpathetic
nerves jomn anatomucally, but this juncture does not mean that the impulses
carnied by one system flow wnto the other

The first to the fourth thorvcic segments, sometimes the eighth cervical
above ind the fifth thoricic below, are the usual receptors for the visceral
sympathetic nerves But the pathwavs of referred anginal paun include alo
somtic or peripheral fibers going to the sime receptor zone The exact location
of the medittion of referred pamn 1 still unsettled, the dorsal grey matter,
probably the substantia gelatinosa Rolandu, as well 1s the dors1l gingha and
the dorsal roots have been considered sites of mediation

Although 1t 1s held generally that 2fferent mpulses from the heart coronary
vessels and aorta travel by sympathetic and vagal routes the latter routes are
not mcluded m the usual reference of pain Indeed 1t may be questioned if the
1IgUs 1S 1 sxgmllmnt afferent conductor of pain under any circumstances
Yet although the existing proof 1s not entirely conncing 1t would not be wise
to denyv categonically m our present knowledge that the vagus 1s an afferent
route Irpm the smooth muscle of the mntestines bronchy and sinmlar structures
the vagus 1s known to carn impulses of pun but 1 similar role for the other
viscera including the heart, 1t seems to us 1s not so well established The
tenth crannl nerve m lower forms 1s 2 guardian nd regulitor of the gastro
mtestinal tract and the heart In igher phy la, with the evolution of 1 separate
breathing apparatus to meet the needs of 1 respirition carried on n free not
dissalvel ttmosphere the vagus develops nerves for the breathing argans
(Pike'=¥) These newly developed nerves and other parallel evolutionan
changes 1n the central nervous system are designed to control the mechansm
of this hugher ty pe of resprration But here agumn the vagus s chrefly  gutrdean
or supervisory 1n character and conduction of pain 1s not part of its function
To a great extent 1 stmilar evolutiontry process 1s followed by the vagus m
connection with the heart the nerve assuming wnd exercising chiefh f not
wholly 4 regulatory function

The sy mpathetics, on the other hand are unquestioned conductors of pain
Cardio tortic smpulses of pam ascend in sympathetic tibers that converge
upon the left upper thoracic levels of the spmal cord 1n the dorsal grey mat
ter probably in the substantia gelatinosa Rolindn Here afferent somatic
neurons from related dermatomic zones also comverge Impuises of pun,
therefore that onginate either 1n the heart caronary 1esscls or the rorta and
those from the dermatomic or surface arens supplied by the spmal nerves of
the upper thoracic region, Th1 to Th4 trngulhte so to speth upon c;)mm(:]n
pomnts of convergence in these four levels and m these levels 1t 15 clume
the mediation of referred pain takes place From these common loci, sensations
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the dorsal grey matter probably w the substantia gelatinoss Ro‘;:lr}r:l ::el::
thoracic spinal cord Yenels This hypothesis domunates the hite

‘t‘l;\’?s‘ub ect As the theony stands honever st bas to pvercome tmporiant
ﬁbjecuojnb Tohegin with and .5z as tanbe ascertained noone h:\sldcﬁn::
anatomucally 1he centrsl connections fot pun 25 exche 1sely in the :fuf) 28
of the dossal grey matter of the spinal d (Chopter \I11) Tihe® thxs;
cotptey and Dantelopolu® 1 Romama Fave wyggested that the mediation o
cefe ence 15 quite Whels to be extraspinal. Sccording o Pike the concept of
20 1ntra pinal mediation yznores the shersation hot referred par 15 nearls
abeavs Tadicular in tharacter a0d this tvpe of istnbution could hardh be
aveurated sihin $he cosd where wmpuites would be expected to undergo dd
fusion through se eral eprental levels b plunsegmental connecttans Pihe
feel that the actsal medintion mas be accomphished by a teansfer of imput e
ot thea effierts trot afierent ~isceral ta afferent somatic fbers both types of
fibers m the dorsal root Yying Jexkapo &d and without my ehn sheaths

Anather objection 1o 1he theory of mediation nithn the spinal cord s trased
oo the fact that the common neurons 1n the cord yecering  comderging group
of semsors wnpulses from multiple foct on the surface of the bods, frequently
faul to produce angnal pain This renders 1t 4 € cult to accept uncriticatly that
the geaerat difference w the acuty and 1 the localization of referred pain
and of Youth dernves from the crcumstance that touch sensations are carned
by fibers eack of nhurh males a contact sath an mdnidual central newron
wE veas the wpulees of painful sensations transmitted slong multiple hbers
ConA eree upon 2 Lo™Mmon central neuron

Recenly Markey” 1 Engfand has evpres.ed bis reluctance to accept the
Rows# theory of the medation of pain based on 2 diffnsion m an urabie
forw o the spal eord Damelopolu hard already published several articles
onthe subject of extra spinal mediation Wath Hrstide® in earhier publications
and again m 1938 alone be viened the meetng pomt of <amatic and \isceral
afferent neutons as an  articwlanion  sttuated i the postenct spmal gangha
and b mehie of L junction could be disturbed by severing the somatic
regran de cut the wtetcostal nerves from Th § to Th 4 leaving the visceral

afferent kbers wtact This brought ret ef and abolstion of pam a result con
rmed by Lemaire* according to Danielopalu The underlving primciple of this
fethod would seem to be alin to that a1 wark m the procedure of Werss and
Banr? mbo reteved suffe ers of referred prsn b locally znagthesaing tte
tated 20 mvohed shin dermatomes e

Bath methads ste dessgned to &
number of somatic afferent wapulses of patn detivered 1o th o e

€ SYRIBTC Junction

nated effect of charges

(\ (‘:c:::;g)ﬁ b:mabn&\c Of tlectnt al tran mitted slong the afferent somatic agml

ummmab\m a:d thst the necessary antitative threshold tor ths effect 15
© nhen an adequate rumber of somane fereary wmpulses are elimy
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having no part in the mechtnism of reference and went even further by stying
that all visceral pamn 1s referred The ability of an organ to “feel” pain was
held as an activity separate from 1ts capacity to project pamn mto cutaneous
ares of the body While the viscero cutaneous theory of Mackenzie helped
clanfy many aspects of visceral referred pun and was of special use 1n account
ing for ntense surface pam and the occurrence of hyperalgesia of the shin with
sudomotor, pilomotor, and vasomotor manifestations, the theory fatled to
recognize that the cause of a peripherally distributed pamn 1s to be sought
often 1n a local peripheral leston and that paim has other than a single possiil
1ty of reference nto related dermatomes T'urthermore, in Machenzie's scheme
there was no room for the posstbility that pamn of one viscus may be trans
ferred nto other viscera

Beginning with Hurst’s 3 observation m 1911 on the pain of hollow viscera
a growing mass of experimental and chimieal evidence and a closer analysts of
the mechamsm of referred pain strengthened the beltef that viscera themselves
are often the sites of pan and that dermatomic pamn 1s not the sole expression
of visceral referred pam These studies demonstrated also that 1t 1s fallacious
(Chapter \III) to draw mferences of visceral msensitrvity from the effect of
artihcial evtraneous trauma, 1t 1s essential for the experimental mjury of
stimuli to be more nearly of the same nature and magnitude as those that
naturally induce pan, 1¢ obstructions in hollow viscera, increased tension
beneath a tight capsule of a solid organ, augmented tension in the muscultr
layers of blood vessels These hinds of stimuli are frequent and natural occur
rences and mduce pam in the organ affected Similr deductions hold for the
heart, and the follow ing obsersations bear witness to the mherent sensitivity
of various organs and structures Pain results from contractions of hollow
organs (Hurst, * Schrager and Ivy # Pollock and Davis # Ashhenaz ! Ryle ¥
Goldscheider™%) The mtrayascular injection of sodium 1odide produces viscer
al artenal pam (Moore, Moore and Smgleton®) Leriche * also L ngston,®
produced pain by crushing arteries, while Odermatt,’ also Spiegel and Was
sermann,® found that distending the larger arteries notably the aorta was
pamnful Sutton and Lueth® developed proof that an abrupt anovema of
heart muscle precipitated heart pamn

The second prenuse namely that dermatomes have therr
related organs while a useful hypothesis and 1 agreement W 1th many if not
most examples of peripheral radiations 1s too inclusne Obvioushy it 1s stronger
than comcidence that angmal radiations re nearly always simstral yet this
does not exclude the existence of local lesions to 1ccount for peripheral punin
these parts Indeed, peripheral nerves blood vessels or lymphatics may have
such lestons that come to Light only after long and dihgent search Fhis ’\spec:
of the problem has been emphasized in the critical observations of Hlton
Tihe, -4 and Livngston i

The third premise of Machenzie®*

source of pam 1n

assumed that the reference 1s medited m
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The radsation often fails to cover all of the usual area outhned aborve but
any portion eXpenencing pain ot any other sensory disturbance will form an
ordesly pattern n accordance with the nenve distributions There are there-
fore in most cates no ssolated buzarte or wnrelated patches of punful sensa
tion The generat rule 15 that radiation follons the caurse of nenves and blood
\essals and ths radiation 18 radicular in type and therefore related to the
nerve roots The pam 1s sefcor of the duffuse type that 1 relat ed to the nenve
trunhs but when 1t occurs it assumes the charactesistics that belong, to difluse
pain and not the patchy distribution of the radicular vanely

\Whertas in most mmstances the dhstribution 15 & left suded unilateral one
xery occasonally 1€ 18 ght sided ar else bilateral These atypical distributions
need not be too disconcerting 2 factor 1n makmng a correct dignoss since
the other aspects of the angmous picture will ordimanly confirm 3t Turther
more diagnostic perplexities will be sohved af 1n nght sided pain the hustory or
{he chatacter of the Winess 'will lead one 16 uncover lesions on the night side of
the body for example night supra or wfra-diaphragmatic troubles In 1he
case of bulateral chest pamn extending mto both arms confusion with apmnal
pawm exmsts when there ate overlapping chimeal features attnbutable to disor
ders of structares ke the spinal cord <pinal nenves or mflammation or tumors
of chest viscera Asa general rufe but this v not always a dependable matter
the angual pam 1s recogmized even when it s referred to the right or 1o the
night and left by Ms pecial charactenstics viz  the character of the paum,
the angor anym  etc These unuswal dustributions theselore 2s well as the
absence of distnbution and the absence of centrally localized pan do not
necessanly mulitate agamst arming 2t the corect dagnosis of angnal patn

The night sided dsstribution as well as the bifateraf are simlac to left sided
distribution w ths smportant respect namely that afl three are hmuted 10 the
sympathetuc and somatic ner & supplies that conyerge upon the st to the 4th
thoracic Jevels the vagal supply aswe have already observed probably taking
na ot a subordinate part The nght and bifateral spreads ate hunvted 10 arexs

that are supphied by the punal cord at Ievels carrespol
with simistra) spread alone g o those Wt des

11 The Uncommon Distnbutions
The reference of angmal patn however 15 not confined alnays with;
lmits In addition to the more common left sided reference pam me hese
MOLe tito Lontiguows ateas abose or belas the psual tertitor r“ g
nations of above and below (Figs 34 and 56) Thest com) f;’» ey o
TOR canes may even be the sale areas registening paan Py uncom

A TiE LprEr Zove von Uscosngon Rapuzion

leht ;zpper zone comprises the head <alp face neck thy
icular regions the shoulder and the \entral aspect of teh:uapr:. Md1 \:ln
meluding
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nated or bloched (Chapter \VII) On the basis of careful expermments on dogs
Spregel and Hashimoto® reached a view contrary to Damelopolu’s According
to these mvestigators, “pain from the stellate ganghon could still be produced
after the degeneration of the corresponding somatic elements of the spinal
gangha” (Spieget) *

II The Common Terntory of Reference

T'rom 1ts locality, the heart or the region of the heart,} the left precordwum,
or the anterior chest wall of the left side, pan spreads into a well recogmzed
area This arer as a rule, 1s confined within well delined borders (Lig 53)
Wath the left arm extended at night angles to the chest, this region forms a
band, broader at the nudsternum where 1t extends from the 3rd or $th to the
6th and 7th intercostal spaces It continues anteriorly outward across the
upper qxlla, almost bisecting the ventral nspect of the arm and remams
hmited to the mmer arez, nirrowing rather suddenly 1s it approaches the
wnist to taper off on the ventral surface of the fifth finger In actuzhty dermy
tomic areas are not defined as sharply as in this description

Lxcept for a small axillary territory this aret 1s almost entirely ventral wnd
practically always sistral The postertor divisions of the left 1st, 2nd, 3rd
and 4th thoracic nerves also supply a similar posterior dermatomic area of
the chest This posterior surface, howeser seems to be as 1 rule untouched by
pam } This 1s an interesting phenomenon and 1s, perhaps, a practical pomt in
the differential diignosis of anginal pain In most cases pain 1s substernal or
close to the sternum neat in frequency 1s mvolvement of the left pectortl
region but spread and diffusion of pain can augment or supplant the more
circumscribed localization Accordingly, the pectoral regon and the nner
surface of the arm down to the fifth finger may pamn and smart while the deep
pun in the heart 1s sill present or has subsided The radition mto the pec
toral region 13 through the lower cervical and upper thoracic nerves the pec
toral muscles recerving ther supply from € 5,6 7, 8 and Th 1 The radition
into the left 1rm passes 1long the 1st and 2nd thoracc nerves the former sup
plying chiefly the mner aspect of the upper arm Both these thoracic nerves
are part of the brachia] plexus and in this way tlus particular part of the plexus
shares 1n the propagation of angmal pamn (g 55) As tius propigated pam
subsides or disappears the cutaneous areas are left numb or tingling or  weak ”
Sometimes this 1s not the rule tenderness to pressure 15 ehcited along the
nerves which comveyed the pan the ulnar and the four ntercostal nerses

* Personal communication
1 For the purpose of this dhscussion the coronary vesscls as a seat of anginal pain are 1

cluded when the heart 1s mentioned
1 Damélopolu suys pam into the tack 1s frequent but he cems to mean thoracic pan a8

1n thoracic visceral disease and not cutaneous mamiestations
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the first four fingers Into these areas with 3 fes exceptions 1o be noted, pawn
15 transmutted by acressony sympashetic aflerent fibers ‘The exceptions a}:c
\be neck and ocorput, the cenical nenes of which are reached through the
intervention of the vagus The rest of this entire region feels pan through the
cervical plesus 1mpulses of pain reachung the plexus through accessory afferent
sympathetic tbers Flembecher® fourd a lrnited nurber of ceruical afferent
sympathenic fibers and 1t is passible that these ate already dev cloped sufft
aently 1 some tndiiduals to act as an accessory route

Auiessory Afferent Cardso-goriec Fubers

The-e accessory Bbets 1 general are an anstormic endonment formung 2
pattern for each mdiidual With regard to the heart and aorta the following
groups (Fig 6} of fibers probably ewst and the number and extent of ther
particrpation determne the distribution and the desygn of referred anginal
pam especially wto uncomanon regans

(a) Afferent fibers 1n the cervical regions serving as winte rami along which
as White” ® has suggested any cardiac afferent inpulses that were carned
would have to achieve 2 summation in the central nervous system belore
Tegiatenng 2 sencation of pam

{b) Afferent fibers passmg through the white ramiof Th 5 Th6

(¢} Afferent fibers 1 the vertebral plexus entenng the ansa Vjeussens and
connecting with the Jower cervical nerves The presence of such afferent fibers
1 demed by Langles™ * bat accepted by Dametopolu

(d) Afferent fibers on the nght side corresponding to the nsual and uncor
mon groups of the left side The heart and 20rta have a bilateral nerve supply
and the nght sided nerves could carry and localtze pamful impulses to the
beart with ar witheut radiation wto the night nide

{e} Afferent hibers passing betneen the vagal gangha of the trunk and the
supetior cervical sympathetic ganghon

) Afferent patheays 1 the vagus trunk entertn,, in the medulla

(2) Postertor rars from the 2nd 3rd 4th thoraue sympathetic gangln to
the cardiac plexuses contamng afferent as w el as efferent fibers
. Any of the fibers of 2 b ¢ e § and g mav be predomuinant dextrally

Mot cases alh the accessars soutes are subordinte byt when the usual left
h‘litch 1;\ner\'ahnn 35 wterrupted or destroyed as after aleghal parsyertebral

or example any or all of these accessory pathways may take over thy
mam burden of transmission of sensory impulses i
Cephalic Distributions

The tracts that transmit pam 1nto the head and intracranit arts th
\:;:nosl @ tnce of this upper zone are more difficult to mmprehen]e;hrh
haement of somatic and sympathete neurons described m conn:clm(n w 11:
g
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T16 56 —A Schema of Groups of Afferent Fibres Capable of Transmutting Referred \n
gnat Pain 1 the usual well d simstral group entenng the Th 14 cord
segments through corresponding white ram (1a) 1 a similar dextral group much less fre
quently involved 2 represents upper left cervical fibres going from upper cervical gangha to
corresp cervical cord (2a) simular devtral fibres 3 represents lower thoricie
fibres going from the lower thoracic ganglia to corresponding cord levels (3a) dextral hibres
4 represents the pathwas of cardiac afferent tibtes in the left vagus destimed for the
medulla (42) a smiltr pathwas on the opposite night side 5 represents the pathway of
vagal cardiac afferent fibres that ends 1n the supertor cervical sympathetic ganghon ( a) a
similar pathway of the opposite right side 6 not included 1n the drawing s the posterior group
of ramu connecting the upper thoracic sympithetic chain to the cardio aortic pletus s also
pot included are the sympathetic fibres from the sertebral plexus entenng the cervical plexus
and sending communications to the ansa Vieus ens The yvertebral plexus 15 generally not
aceepted as an afferent pithway for cardio aortic pam
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e first four fingers Into these areas sith a fes exceptions to Lie noted pun
1 transoutted by accessory svmpathetic afferent pbers The exceptions ate
the nech and ocarput the cenacal nernves of nhich are reached through the
mtervention of the vagus The rest of this entire Tegion feels pain through the
cervical plesus impulses of pam reaching the plexus through accessory afferent
sympathetic fibers Hembecker't found a hmited number of cervical afferent
sympatbetie fibers and 1t 13 possible (hat these are slready deseloped suff
qeatly 1 some individuals to act 2s an accessory route

Accessors Aferent Cardio-gortsc Fibers

These aceessory Bbers m general are an anatomic endowment forming &
pattern for each mdwvdual With regard 1o the fieatt and sorta the following
groups (Fig 6 of fibers probably exst and the number and extent of thew
paruc pation determine the dustribution and the design of teferred angoal
Tain espectally 1nto UNCOMMMON FRHONS

{a) Aferent Shers 1 the cenvica regions serving as white ram along whick
25 White® © has suggested any carduce afferent wapulses that were carned
warld hase to acuese 2 symmation’ . the central nenous system hefore
tegstenng, a sensation of pae

{b) Afferent Bbers passing through the white tamt of Thy Thé

{¢) Afferent fibers 1 the vertebral plevus entennyg the ansa Vieussens and
conecting w1th the lowes cenvical nenves The presence of such afferent fibers
15 dented by Langley® ¥ but accepted by Damelopolu

{d] 4fferent fibers ou the nght side cortesponding to the usual and uncom
mon groups of the left sude The heart and aorta have a bitateral nerve supply
and the night sided nerves could carry and localize pamful smpulses to the
beart with or without zadiatien into the nght side

} Werent fibers passing between the vagal gangha of the trunk and the
wpetior cervical ympathetic ganghon

® Afferem pathnays in the vagus trunk entering tn the medulla
m:g;:’(i‘fz&;;gx‘::“\:: ﬁ;d 3rd dth thoratic sympathetic gangla to

. afierent as well as efiesent fibers
In::S af the fibers of 8 b ¢ e § and £ may be predomimnant

ek st e o ey o when e

Flack far example any or all of these o 2 dlcohal paras ertebral

Coesn;
mam burden of transms sion of sensary ‘mp“‘;}s patfivays may 1o over the

dexirally
usual left

Cepl e Distnbutions

Tre tracts that transmu
Pain into the head and 1
2 ntracranual
;;“:‘m: “:\:::t:(l of this upper zane are more difficult 10 mm}(‘ra:h’m‘:e';‘{.
T somatic and sympathedse negrops describied m connectian vm;
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referred pan that conyerges through the upper thoracic spinal cord or upper
thoracic dorsal roots, 15 lacking here The supenior cervical sympathetic om
glion by 1ts upper prolongation, the nternal crrotid nerve dey elops an exten
sne ntricate sympathetic network that follows the blood vessels and their
ramificatronsand twigs, sending communications to the cranial nerves reachin,
specr1l cramal sympathetic ganglia and m fact, supplying 1 vast vanets of
cranal structures This cephalic sympathetic svstem 1s, however supposedh
entirely efferent and therefore, presumably not actne in the distribution of
angnal pun when referred to this “upper zone ™ Danrclopolu maintains that
afferent scansations pass along this cephalic sympathetic system but there are
not many who concur Livingston,® too, claims that 1n afferent supply to the
head exists and 1s evidenced by reactions of pain when, for example the muddle
meningeal artery 1s hgated In the tbsence of afferent sympathetic fibers ® %
we nre hard pressed to explun satisfactonily why anginal pain and related
manifestrtions tre felt m head structures We present several possibilities

(a) The cranial nerves act as afferent pathways Although the cranial nerves
bear 1 certain analogy to spinal (sorpatic) nerves they fail 1 general to fulfill
the role pliyed by the latter as an arc for referred pain The sensory compo
nent of the fifth nenve transmits anginal pam and 1t 15 quite possible that the
tenth, seventh, and ninth do so also In the case, at least of the sensory com
ponent of the fifth nerve, vagal fibers intersect 1t (C1g 57) and mn this way 1
augurate pun and other fertures 1n the head A sensory component of the
seventh nerve provides a pathway for deep sensation from the face and a sen
sory component of the ninth nerve does the same from the posterior third of
the tongue and from the pharynx

(b) Cramal sympathetic (efferent) fibers register anginal pan 1 the head
region In the absence of cramial afferent sympathetic fibers and since head
structures are hnown to experience pamn, Pollock and Davis#! descloped the
hypothesis that pain i the head region 1s the result of sympathetic motor
(efferent) effects upon the shin and blood vessels m this regton Similarly
Penficld* asserted that referted angmnal pan mto the head depended upon the
ction of cranmal cfferent sympathetic fibers He accepted the assumption that
the v2gus and 1ts depressor nerve carry afferent impulses of pain to the supcrior
cervical sympathetic ginglion Wathin the ganglon efferent cells are stimu
lated and maugurate cfferent pulses along cramial efferent sympathetic
fibers (Fig 58) In this way a reaction 1s registered in the vessels of the head
and localized sweating (also in the face and nech) and other mamfestations
appear e a general nise n blood pressure and perhaps even spasm of the
coronary vessels

The foregorng was the actual course of events 1n a patient reported by ch:l
field with luetic aortitis and severe angina pectorss m whom the mddle an
Inferor (stellate) gangha were removed on both sides thus 1solating the supe
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not gangla ine days afte the operation the patieat developed pain which
sated around s neck Jhe a collar spreading into 1he gums and to the top
of the head Perepsration con eresd both sides of the forehenrt and the svstolw
blood pressure Yose to oves 0 This effect, acrording to Penfiedd ¥ was 1he
cecult of a reflex withn the autoromc system 1 enf eld pomts out that sumilar

/—\\Ci&s:enan gangbon S

FiG S The
e N '\ﬁ:":ﬁ’ # 2 ¥ees Foom the Heart 1o the Me Jula These fbresare ob.
st the o s ity of e "i},“’ the ok gangla then cntenng the me lila hote n‘:e\
€ 3
et sl b s oo of sh 5 erng 0 P ol e ez

TENESES are encountered
ther ay ]
P i ather areas of the body and a
hon r;u;hrzﬂr;\ dos.tibed by Lanpley® 77 2pg by r;::gul:yn ::d‘ :":i"?
1S 1¢
s : "::Z 25‘)\:1: sal: bas s far referred aagmal pain ta the l:r:;
< . ﬂm}’u‘ihthc 5;::::12 5:;3! :np;xlses 1 the vagus nene need not
b
1 10 reavh cranul pery es and perhaps :fhr:xes::ui:: e et dsty
es
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Whereas 1n the ctse of the distribution of pun along the sensory component
of the fifth cranial nerve we hold responstble « mechanism that depends upon
the mtervention by the vagus or inters ention by cramnl efferent svmpathetic

7

SU/IC"'IOI‘ CeI‘VlCA{
g

Tic 58 —Vagal Afferent Tibres to the Supenor Cervical Sympathetic Ginghon (The
\utonomtc Peflex (Sohown:n) in the Vagus) Trom the cardiac pletuses afferent fibres ascend
tn the vagus and cross tnto the supenior cervical sy mpathetic gangha In these gangha efferent
(motor) cells are supposedly stimulited to set off efferent effects 2long cramal efferent sym
pathetic fibres and mto cramal nerves of which the sensory camponent of the fifth nerve1s an

cxample

fibers 1n the case of other cranial nerves, for mnstance the sesenth and ninth,
we are forced to explun their involvement without 1ny mntervention of the
vagus and upon the action of efferent fibers only
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{c) The cephahic manfestations are an expression of 2 Ratter Valli reaction
Tre induction of post-operative pamn and other sympathetic features alter
exurpation of cenvical pangha as observed for example 1 T enfeld s caze may
have a totally dfferent explanation namely the Ritter Valhi reaction Accord
ing to this, ar excrtatory stage follow s the sex evence of a nen eand phy stalogrcal
effects specsfic for this nerse continue until degeneration of the penpheral
nersesets n whereupon its phy siological action 1s abohiched The phenomenen
hoseser has a beanng only durng the early weehs after wjury to the nenves

Ti¢ 1 agus \erce as @ Rowte for {nginal Pan

The apinion and rea.ons to suppott 1t have already been expressed thay the
agus nerve 1s perhaps a subordinate ot nconsequential ronduetor of angnal
pam There cust nevertheless & number of clinieal mstances where the ama
tam < caur & follawed by the vagus and the focation of 1ts anastomoses to
other nen e structures and systems (Fig 22) nould best explain the occutrence
of atypical radiations The sagus nenve thezefore 1s mcluded 1n this textasa
possible route Jor anginal pam

Thaough the vagus nemve sensory wmpulses ase supposed to reach the back
of the head along the second and sometimes the first rudimentary cenical
nene (Danielopolu) or the ear through the second cervical nene The jugular
ganglion of the \agus 1n the jugular foramen gives off an aurcular branch
which supplies the external auncle the bony portion of the external audiory
canal and the lower part of the external ear drum Through this nerve anginal
pammay lash any of these strurtures and by some this nerve is held re<ponsible
for similar paw 1n the side of the nech atnving through the third cervical
nesie and for paw tenderness and hvperalgesia ot the powmts of msertion of
the trapezus uscle and even thiough lower cenical nerves 1o other nech
and shoulder muscles Furthermore by 1ts connection with the fifth crancl
nerve s already described the vagus carmes referred pan nto the lower
Ja% otinto the teeth Vagal together with sympathetic fibers form an eyten
snve thvrowd plexus the sympathetse fibers run to the msddle cervical gnghon
the vagal hibers to the laryngea) nerves Although mansfestations of xv;mal
pam through this plexus are not established 1t 15 pussible that a dusturhance,

a5 after thyrodectomy of this plesus as weld as of the supeniar and middie
ympathetsc catthat ner es close 1o the postersor surface of the thyroid gland
contributes to the alfeviation of angunal pam The tenth nenve s alsg  Senso;
ner%; 10 the p\]mr} oy esophagus and in the stomach and lungs i
¢ 1agus alsa has motor nertes for the palate ph
pharyny traches esopha,
:\";\t\\u:gs :‘w motor branches ta the pharynt transnut the barnble gx[':pp;x;:s
d(:x nmg o the lhm‘:sl afa ly common and extremely distressing m:mx!csm(o:
Af an anginal attack and not to be confused «
! ith the sensation of sufy
1ot This phayngeal spasm allegedly 15 more frequent n anginal m‘:&;(
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aortic orgin The motor component of the tenth nerve also supplies the stom
ach and duodenu, nd referred pain 1nto these organs 1s not rare The spimal
accessory nerve has sensory but also predommantly motor tibers which jom the
vagus at 1ts nodost! ginghon, but these accessory motor fibers have no great
sigmificance

Nearly all authonities agree that sensory sensations from the heart or aorta
cannot reach the sympathetic system above the level of the middle cervical
ganglion The upper cervical svmpathetic trunk contans no afferent cardio
aortic fibers, and although Heinbecker found that the superior sympathetic
cardiac nerve transmts sensory impulses, these are destmned for the vagal
gangha Inany event mterruptions in the sympathetic sy stem aboy e the middle
sympathetic ganglion m 1l hikehihood, ind above the superior ganghon une
quivocally would have to bring high cervical afferent sympathetic fibers or
the vagal system mto action to permut the registration of pun m the uncom
mon areas mnervated by the left cervical nerves or by crannl nerves The
vagal route is not necessanly reserved for emergencies a5 m Penfield’s post
operative case 1t 1s supposed to functon as we have already intimated even
when the cervical sympathetic system 1s mtact providing 1n ascending tract
for afferent impulses

B Tue Lowrr Zo\E ror Uncovmov Ripratron

In contrast to the upper rone, the lower zone for the uncommon registration
of anginal patn 1s much less clearly understood Generally speaking, the refer
ence of anginal pamn 1nto these lower regions, 1e below the level of the 4th or
Sth thoracic spinat cord scgment 13 less frequent than upper ridintions The
Jower reference has 2 special mterest and sigmificance, howeser, m connection
with the reception of paun into tbdomrmal or pelsvic regions where anginal pain
would seem improbable and where extra cardiac disease either obscures the
true nature of the malady or vicariously and nusleadingly tahes on the clinicl
form of heart or aortic pan In exceptiontl cases, pamn from the cirdiac and
aortic plexuses possibly passes through the lower thoricic mtercostal nerves
s far down as the 5th less ltkely the 6th, sometimes cven as low down as the
12th, and, corresponding zonal bands or stripes on the left chest inner ated
by these mtercostals become the dermatomc sites of referred pun, their path
ways somatic and sympathetic, are wdentical with those found in the upper

thoracic levels

Cliuncal Ecamples of 11y pical Radialions
Anginal pan can have very utiusual ridiations With 1 know ledge of the ac
cessory groups of afferent fibers these clinieal occurtences are more readily

followed and better understood
Reliable observers have described puzzling radiations to the left shoulder
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e 9 —Tbe Routes for Referred izemnal Pan to Yhe Shoulder The afierent somatic
Beurens from the shoulder may enter the spinal cord by aecessory fibres as low as the Istor
€ en 2nd 1ho ac ¢ lesels a region which recerves cardiac affceent impulses Angnal pan caul §
thus e referred through the lowermost (accessors § somatic neuzans g the shoulder

would find an ertry not only tnto the spimal cord or dorsal gangha at the levels
of €4 5 6 but alo 1o the upper thoraaic levels by means of sccessony so-
mae fbers yras elling through lowver cervical or upper intercostal nerves (Fig
S9) But even n the ab ence of a penpheral leston at or near the shoulder thiy
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region and 1ts surrounding tissues would be capable of 1cting as the equinalent
of a dermatomic rea or as the equnalent of an extra cardiac organ of struc
ture The shoulder, therefore 15 able to feel referred wmpulses from the heart,
either by the route already described in connection with 1 penipheral lesion

accessor
ardio—hortic
af‘f’erenr ﬁl’rE:

afferent somalic
neurons from

S/louIJEr fo
cervica
cord

T1c 60 —The Routes for heferred Anginal Pain to the Shoulder The 4th Sth Gth cervieal
nerves cannect the shoulder to corresponding cersical egments of the spmal cord Vi veral
afferent fibres from the carduac plevus reach the upper thoracic segments Th 1-4 of the spinal
card by means of corresponding upper thoracic whete rama In this dravang a group of cervical
rami 1s portraged that would be cipable of carrving affcrent smpul os from the heart into
tho e cervical cord segments that recerve afferent nevrons from the shoulder ngimal paut
could thus be referred into the shoulder

thus neighborhood 1e  through accessory somatic neurons or through the

Intersention of accessory cervicil sympathetic tibers (Fig 60) such nccc‘swr\

fibers as we have already observed have been described by Hemnbecker b
Other illustrations of the possibiity of transmission of punful sensations by
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means of actessory Sympathetic aﬁ;;e{)\t fibers a;car'\:elnlt::iu:‘g) a[‘;; s\;\:;:::!e“:
e angnal cniss rebey y sargical

::njm‘:i:e Teft 5::\! {Aronowitseh ) the pessistence of pamn ;m:r n'::‘z‘)‘ l:‘::ns’
spnal nenes were cut (Sptegel® ¥), pam {rom pertomtis aftera .,u‘ trans
\ere m elitts (Linngston®) the d1 tribution of ponantoa :nb:\;mm -
after a coronary thrombosis (Laban®”), and angwal pain referred to :: cary
tooth (Matkenzie®) The projection of sagwal pain into abdomnal + ﬂhccm
a0 constututes an example of the functioning of numerous visceral afferent
sbers 1 addition to the more comruon groups that pass through the upper left
four thoracic levels To tins Jast problem the propagation af pain Irom one
organ mto another e now turt

Tn 3li these references we hiss e postulated the evstence of a pattern of affer
ent pathays wherem topules fram the heart coronary \essels or aorta and
from ncn-cardiac regions cons erge upon the dorsal grey matter or dorsal roots
concerned sith heart pun This pattern s an anatomic endowment So to
<prak and it may eshibut 1ndwadua) differences 1 s mulnple ot locakized
predomunance of entry into the spinal cord

The Reference of Angmal Pa n tr o Noncardiorascular $1scera
I an attempt 1o und $ the mech

and {ollow the path of 7e
ferred anginal o any ather type of cardise pan to regens that ace related to
the sp nat curd belaw the Jonermost level described thus far i this test Ths
o 6 we are Jed to beheve that afferent irpulses in the panghonic trurk de
seend to thus feved also lower To accept such a postulaton however has
<eemed unsat factory and unwarranted Jt has been argued o the first place
that 1o proof exssts that cardic impulses of par descend g0 low 1n the sympa
thetic tranh and 1 the second place even f there w ere such exiderce we would
stil be confronted with the difficulty of hnowng what eventual destination
such unpulses could tave eveept to enter corresponding sp nal cotd leyels
where #f perchance afferent tracts were hit nonradicular penipheral references
sould follos wmstead of the radicutar type actuslly seen an cardiac relerred
pam
Simdar and other objections have been marshalled i connection with the
distriution of cardio aortic referred pain wto organs ather than the heart
Thus tvpe of reference s been ascribed to a meyhanism of periphern) dustr
bution bastng s b an explanation on the welt Luown phenomenon that pain
® announced 4t or referred to the end of the peripheral dstnbubion of an
alferent necve regardiess of tt e site of the ferion or extitation along that nesve
1n the domam of the somatic ner ous Svstem an excellent example 15 the patn
&\:::’g:\\h\u \hle knt:{ a\uni the qudurator nerve thitis imtiated at the hip as
aberculoss £ f the bip But stretly 5, o
ly speaking, Rﬂ‘{g{ @ﬁ ,ﬁ{gﬁ)l@:}\ 0

PR D At
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region and 1ts surrounding tissues would be capable of acting as the equialent
of a dermatomuc area or as the equivalent of an extra cardiac organ or struc
ture The shoulder, therefore 15 able to feel referred impulses from the heart,
ether by the route already described in connection with a penipheral lesion m

accessor
vardion-bortic
a f'ferenf ﬁ bres

neurons f‘l‘DIn
SAOU[‘{EI' fb
cervica

Fiu 60 —The Poutes for Reterred Anginal Pain to the Shoulder The 4th Sth 6th cervical
nerves connect the shoulder to corresponding cersical segments of the spinal cord Vusceral
afferent fibres from the cardiac plexus reach the upper thoracic segments Th 1-3 of thespmat
cord by means of corresponding upper thoracic white rami In this drawing a group of cervical
ram 15 portrayed that would be captble of carrving afferent impulses from the trart s to
those cervical cord segments that receive afferent neurons from the shouider inginal pun
could thus be referred 1nto the shoulder

thus neighborhood, te, through accessory somatic neurons or through the

Interention of accessory cervical sympathetic tibers (11g 60), such acce‘ssnr)

fibers as we have already observed have been described by Hembecher
Other 1llustrations of the possibility of transmission of pawnfuf sensattons by
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torans of gtcessory svmpathetic afferent fibers are not laching Tornstance 2
aseol  sere angnal crsis reheved by surgical AtLERIoD 10 2 PosiojeTIine
ctymp in the left arm { Atonomtsckd) the persistence of pawn alter many dorsal
~pova) negh s were cut (Spiegel® ), pam from pentomus after 3 gh trans
e ryehitis (T tngston®)  the distrbution of pam o2 subacrommal bursa
alter & Coronary thromboss (Libman®) and angmal pawn relerred to 2 canous
tooth (\ackenzie®) The projection of angnal pan wnto abdomral W cery
a0 consututes an eample of the functionmg of numerous aisceral afferent
fhets i addution to the more common groups that pass through the vpper left
four horatac tevels ‘To this Jast problem the propagation of paim from one
or,an Mto ancther B HO tum
Tnall these seferences we hase postulated the enstence of n puttern of afes

ent patimays wherein mpul v from the heagt covorary v essela Gt n0fta and
(et sanesax Jiar reguans converpe upon the dorsal grey matter ot dorsal roots
concetned with heart pam This pattern is an anatomic endowment o 1o

peak and 1t may extuibit mdnadual differences an its multiple or locakzed
predomunance of entr 1nto the spmal cord

The Referer e af tnginal Pan into Noncardroraseular 1 tscery

In an atterapt to understand the mechanigm and follow the pathwavs of re
‘erved annat or any other type of cardiac patn to regions that are related 1o
e gt cord below the low ermost level described thus Larn s Yevr Tha
or 6 we are fed 10 believe that afferent unpulses 1n the ganglome trund de
scerd ta this level also loner Yo accept such 4 postulation howeves has
stemed unsatisfarfory and unsamanted It has been argued in the first place
that 56 proot eusts that eardsac wipul es of pain desrend 50 Jow i the svmpa
thelzc tnak and i the second place evenf there were such es idence we would
il te tonfronted with the difficutty of knowing what eventual deshpation
such sopake s comd have ewvept to enter carrespanding spnal cord Jevels
“‘"r\t i perchiance afferent tracts nere bit nonradicular peripheral veferences
;:‘\; d folle s imstead f the racicufar type actually scen in carduc veferred

Suntiar and other
abjections have been marshatied m cor
Qetotso of et m connection With the

ferred paim mto crgins other than the heart
T\:::otny‘:;\:: )‘tfﬂt;:l‘t hag f;ecn ascribed to a mechamism of penpherat dsstrs
5 S s or el o the o1 5 pengio e
. of the peripheral dpstnbytio
lnt::: :i:‘:; ‘an riz;:d\"is of the site of the esion gr excitation ﬁ'.cng“that ::““ :
B by ‘L& . 4 ?Om;nc Persos system an excellent example 1s the pain
from aheren ¢ 2'ong the obduratar nere thatis muated at the hip as
culosts of the bap But strictly speaking, 45, Doy efernad ’
Q\Né‘ Hﬂn & i}@ﬁz‘ "
N

O
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the sense of the term apphed to referred visceral pun The mpulses of pam
along the obdurator nerve undergo no mediation i any locus of convergence
It would be well, therefore, to omut the use of the term “referred pam” for
manifestations of this hind

Referred cardiac pamn, m contrast, depends upon 2 summated effect betw een
converging streams of impulses that nrrive 2t a zone of mediation or transfer
According to this concept, cardac impulses at the upper thoracic levels are
supposed to imitiate referred pain along tracts or fibers with which they come
1t contact 1n the spinal cord or 1n 1ny other locus of convergence With regard
to the projection of cardiac pan into some other organ, - sensory disturbance
in the heart would be transmitted to the central nucleus of a fiber that carned
this impulse of disturbance and would be referred mto a penipheral distribu
tion other than the heart In other words, afferent impulses of cardiac pan on
reaching the spinal cord (or the dorsal roots or gangha) may terminate in the
cord or medullary nucleus of a nerve that recenves afferent fibers from some
other unrelated viscus

The Propagation of Referred Pain from One V tseus wto Another

Thete 15 1n our opmion an explanation of the propagation of referred pain
from one viscus into another which 1s 1n hirmony with the known anitomic,
physiologic and experimental facts Considerations of referred nginat pan
bearing upon its distribution to virious abdominal viscern and vice versi
abdominal visceral pamn referred to the heart, as well s other relevant mate
rial will be more clearly grasped, we believe, after the discussion of this expla
nation The concept of a mass action of the entire 1utonomic ncryous system
15 n essential part of this discussion for the rest we hold that all abdomnl
organs pelvic and thoracic probably as well possess multiple afferent 1na
tomic pathways that may enter practically all the dorsal spmal roots and
through these multiple afferent fibers as we shall 1ttempt to show 1ngmal and
abdomnal visceral references are mediated

The Multiphcly of Visceral 1ffereni Pathaays

Wealludel to the difficulty of understanding the pathway of visceral afferent
sensations that reach dermatomic levels and viscera connected to the spimal
cord below the Sth or 6th thoracic levels This however s an example of but
one part of the problem The other 1s to account for the registration into the
heart and its sicimty of pain that anses in distant organs or other non cardiac
structures (g 56) Tollustrate a paroxysm of ingnal pan due to an abrupt
coronaty occlusion occastonally simulates acute gall bladder or pancreatic dis
ease or sudden perforation of a peptic or duodenl ulcer and the pain and its
references are located below the diaphragm, even penctrating into the pelvic
region Conversely the pam of any of these abdemrnal or pelvic conditions 15
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forused 1n the heart and s womediate newghbothood and even b er\\m\s‘lnl?
tre brachint and tervical plesuses Ve have then chinically  bi-irectional ;c
erences and with the heart as the focal pomt, the registration 1s centnpeta 1‘)‘r
centafugal Thus state of affasrs raises the suggestion that mediation after alt,
ma\ be § and ac hished by 1 coll Is connectinp the
somatic and s;’mpa\heuc systems The chmeal storm’ <o aften an atcor:l
panwment of angimal pam 1 probably gov etned by higher centers ™ol pob
abiy i the medulfa diencephalon and cortex Indeed without laboning the
pomt an abrupt thrombasis in a heart vessel of 2 sudden perforation of n
peptic or duodenal ulcer or of an intestine ay prove 16 be expressions of very
simiar exatations stesuming {rom common Teguiatory centers (see Cushing,?
Peplic ulcers and the interbra ) and with 3 certain cogency therdfore we

may speak of angina pectons of the galibladder of the pancreas and <o
forth

On anatomic as well as physiologic ground the occurrence of centupetal
tran mussion of pain along commondy shared viscerat afferent fibers <ecures 4
few and strong support w the vecent work of Ashhenar® on the centnipetal
sisceral pathwas of the palibladder i the cat Ashhenaz and Spregel* in
ealier publication descnibed 1n the cat a contraction of the panniculus carno-
=u5 rrusces which produces a mot ement of the shn of the trunk on the under
bng tssues This contraction 15 taused by 3 spinal cord reflex after pasnful
disten 1on of the gall bladders or ducdenum and the veflex has us afferent
Tathway throush the splanchme nernve its efferent pathmay through the ante
tior thotatic rerves and the central part of the reflex arc 1s located within the
pinal cord
Ttilzing, this loralized muscular contraction  viscero-panmcutac  teflex
s a signal of pan Ashlenaz® plotted out the distribution of afferent visceral
bbers from the gal) bladder and he defermined that these hibers £0 10 practt
<l aff the night sided theracic dorsal spinal oot ganglia the upper level was
ThZ the loser level Th 10 asa rule but the lower fevel nas not as sharply
detned as the upper 1n some cases reaching as fow as Lumbat 3 Ye found
furthermore these v1sceral fibers pursue exther of twa ascending youtes se
they ascend i the symyathetie trunk before entenng the spinal card or entec
the Spinal co dat alow level and ascend by intraspmal paths Last but equaliv
mpartant the afferent visceral tibers may cross from the night sympathetic
trunh 1o the left trunh m at least ane amimal of the 60 cats studied afferent
: ;scm\ Sbers entered  number of thoracic dorsat roots on the left side Before
m;; b%;hzg:; ;::,12:,; :::1 Danis et al ™ had called attention to the large
Qns . the case of the gallbladder with many
however are most complete and have

d:rsal Toots Ashhenae s i estigations
the virtue of having utiized a singl
gle well detined and ob
suhject ta ng. Mianterpretation st szt of pam
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The Predonmnance of Entrs of Visceral 1fferent ibers into the Spnal Cord

Thus bileteral, although predommantly right sided, svmpathetic nnenation
and the arrangement of a sertes of multiple entries into miny dorsal roots bear

/«dc /o/exus

16 61 —The Pathways for Referred Pain from the Gall Bladder into the Cardiac Tern
tory The gall bladder has manj afferent fihers entering almost every level of the tharacic
cord on the right side and a number of upper lex els on the left sidc as well The cardiac afferent
fibers haye their usual entry into the upper four thoracic segments of the left side The radia
tions of gall bladder and heart disease are therefore as a rule distinctly apart and reguttr;d
1n charactenstically different areas of the body W hen gallbladder pain 1s referred mto the
cardiac termtory we may explain it on the basis of an arrangement of fibers nlluslnm]:‘bo,\’;’
The predomiance of entry of afferent filers from the gallbladder 15 indieated as onh ‘c:m‘:
sude of the upper thoracic cord the zone i which anginal referred pain 1 mediated The
scheme would hold 1f the mediation were in dorsa] gangha or roots

directly upon our problem of referred pain 1 man Since there 1s every rc1sor;
to believe that a sumilar arrangement eusts for him, it would appear that i
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15
Albladder wese predomt
{ afferent unpubses from the ! N
- fﬂ’;& wﬁf t‘l:f:e:m\d corre-pord practically o the level L;nnclrr:;ir:; ;’ !
‘)‘x:::l\‘pn:; {1 61) (Itss concervable shat the ysual and predomin:
3
aded deselopment of affer

ent fbers from the gl

Myladder mght be Tevereed

[(d.C lp[exus

Fir €2 —The fathuass (or Referred Anginal Paun into the Gall Bladder Resoon Th
drawing sust ates the arran ement of aflerent fibers that would prevasd i those compar
el ynfre uert cases when a ygnal pain 1s propama od tnto the gaflta ider repan

The ca d ac afferent Gibres are drawn here as presfornnant]y dex ral an f overlagyng 1
entny e of the main group of afferent Bhers from the g2l Mad ter

with aleft nided predominance 1 this type of case ) § similar moltple arran;
ment for the entry of afferent 1mpulses 10 all or very many dorsal ro0ts pre
ably ewsts for other abdommnal viscers This would render 5t possible to h:
pamnful impulses pass from noncardiac organs to local or referred areas m:
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about the heart and pain could be projected out of an involved organ, where 1t
properly belongs, mto the heart or aorta

On a similar anatomic basis the probability lies open that visceral afferent
mpulses from the heart are carried, m some cases, to dorsal roots below Th 4
and even below Th 5 or 6, furthermore, similar fibers may find an entry nto
the spinal cord through a number of dorsal roots on the contralateral (nght)
side If the entry of afferent heart impulses were predominantly low, below Th
6 or 7, or fortuitously comncided with those segmental cord levels recening
visceral afferent fibers from abdominal and pelvic viscera, anginal pamn might
very well be expenienced in the related noncardiac viscera (g 62)

The pathways for simulatmg angmal pain in or away from the heart, depend
therefore, upon the architectural pattern of the visceral afferent pathways
from the heart and all other organs or structures With regard to peripheral
structures as mstigators of pain referred to the heart, the afferent somatic
nerves mayv be regarded as analogous to the visceryl afferent fibers with this
exception that somatic nerves enter a fived number of related cord segments,
at most, three to five The references of pain, therefore, cannot be as widel
ranged as 1n the case of the visceral afferent pathways A case m pomnt is the
intense pain of brachial neunitis known to extend to or center mn the heart re
gion and simulate anginal pamn (Lian,” also Boyer®), but the sensory mpulses
cannot reach more than the upper thoracic, possibly the Sth cervical spmal cord
segments or corresponding dorsal roots, and within the spmal cord these 1m
pulses travel up or down for only a few levels by erther somatic or svmpathetic
dendrites as the case may be

IV Characteristics of Referred Anginal Pain

Many of these characteristics, already mentioned are here regrouped and
re emphasized

A SINISTRALITY

A striking aspect of referred angmal pam 1s its simstrahty and extention to
the ventral chest wall and arm Although patn 15 hnown to penetrate to the
back this 1s more likely to be a through and through deep pamn reaching the
vertebral column than a pamn which 1s referred to posterior cutaneous areasin
the left chest The most frequent ty pe of chest ridiation 15 transverse in direc
tion but well mto the left side, and 1s often an extension of the more centrally
located substernal pam The mvolved area on the anterior chest includes not
only the usual pectoral regon but the left shoulder the entire nech, and the
Jeft arm as well or 1s confined to only one of these reglons There re odd n
stances when the pain in the arm 1s mited 1n glove like formation to the ven
tral surface of the 4th and Sth fingers or the pun may form a bracelet encir
cling onlv the regton of the left wrist Sometimes the left biceps muscle rcglo(r;
1s the seat of extremely sharp pain similar to the excructating kind of a crushe
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Enge The spread into the head regions especally to the jans teeth «calp
and ear 15 not alto.ether rare and 15 apt to fead 1o much confusion and uncer
tamty m disgnosis Interesting observations ate tho e of refenred mandiowlat
pam in teeth with canes or mto a subicromuad butsa ete Referred pam w the
epystrmam 1 the flanks sround the urabilicys and even fower 1o the scrowm
of teetv 6w 8l but occurs I all these Teft sided radiation 1s predom
nant The tioht and bilateral distributions are much less frequent Damelopolu
and Danulescot® obser ed nght sided sadiation i a casé of complete sttus in
sersus Whereas referred anginal pain 18 usually radicula? i natuze 2 number
of the neurologic mantfestations detatled above belong wmstead to the nene
trand. or wifuse varety

B AMpLIFICATION

The attack of angsa pectons or acute myocardial Infarction consists of
physicaf and emotional upheasals The emotiona) elements do not concern vs
at this paint. the phywical elements take the form of shoth and other featutes
amaty,, whuch pan 15 predominant aod overshelmin, Ihe paimn 1 2 furous
storm surpassed 1 seventy by no other kind of pain This mtense agony s
often associated with anatomic Jesions that are themsels es disproportionatel)
sl to the navoc of pun they produce While there 15 not alwnys 2 perfect
correlation betw een the extent and degrees of anatr= ¢ Yes on and the quahty
wtensuts and duration of pam the dispanty. 1 the casz of sngwal pam may
be so strikmg as o call for some explanation

An atrempt at an esplanation is provided by the theory of amplhfication
and summation develnped by the studtes of the electrophy <wlogy of the
nenous ssstem Tt claumed that evisenne yorr § to the summation of effects
from the impulses of anginal paw 1hat avmve @ cammen Heuron connections
1 the spinal cord At these connections {or i the darsal raots} weak of wter
rupted sensations af pawn from the heart <oranasy yessels of aorta supposed);
are comerted into stronger of contmuous <ensations of pam In the si:ox: r)
g1ans of the cord 5t common synaphac s tions or agai possibl y 1t the ders;[
oats) sumidae sonpulses are ampliSed sod 1 ths form pass con!mlat:ra]))aand

upward i the spinal cord ta the thalamus Th
ere 15 & bhelef ¢
U and cotte these sensations b e a2

may be amplired st further B
Mgt

Qus capaeity of  amphfication  umpulses of paln reach cnn:clous:ess(\“\?‘

aupmmented and frequently benond th, passthilicy of control This phcrm\'nas .

1 dssumed to aperate for seferved par § o™ ay s1scera but nowher, o

spicuoushy and dramaticaly than m that of angmal ongin e mote can

¢ Rysmusr Errecrs

Tu general dirert pain o tth

nan oyan splanchnye pam

sharp than pain weferred from an olgan  somaye pm‘:, ﬁi“dit:;;“d ‘gss

an e
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tween deep “splanchnic pain” n a viscus tnd superficial ‘somatic” penipheral
pain was known to Ross, Head also differentiated “sharp, aching stabbing
referred pamn from “dull, wearmg” direct pain

Referred anginal pain 1s often much more intense and sharp than the sternal
or retrosternal variety, and the pain may be wholly referred and the sternal
region escape As referred pain subsides the affected region often undergoes a
feeling of numbness or dullness Sometimes this effect 1s a tingling or a sharply
tocalized thermal sensation, hot or cold The nerves that distribute referred
pain may stay sensitive to pressure, or they may set up reverse and paradowt
cal attacks of pun, travelling toward the precordium Attacks of anginal pain
have been provoked by pressure or thermal stimuli to extra cardiac surface
areas on the left arm for example, and 1t would almost seem as 1if these areas
become more readily responsive to the initiation of stmilar attacks after having
expenenced the first one The anginal pun that comes after chilling the skin
belongs 1 this category

In addition to zones of hyperesthesia, trophic changes are hnown to appear
and swellings 1n the breasts, even mastitis, in the arms and in fact in areas as
far away as the lower limbs and testes The left arm, after an attack, my lose
1ts motor power and atrophy of the muscles supplied by the ulnar nerve has
been noted Herpes coster along the course of nerves that have carned angmal
pain 1s not altogether a rare occurrence

D LsorionaL COMPONENT

The emotional suffering scems to possess singular psychogemc traits that
are seldom seen n other tipes of agony, and the mtensity of this emotional
picture overshadows that obsersed m nonangmmal hinds of pain An intimation,
therefore, may be 1n order that this inordinate psychic upheaval 1s produced
in the higher centers through the ntervention of some mechamsm of amplifi
cation 1nalogous to that described 1n connection with angwmal pain
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CHAPTER NI

The Simulations of Anginal Pain, Angma
Pectoris, and Acute Myocardial
Infarction

Tm: SHIULATIONS of anginal patn are not to be confused with 1ts abnormal
projections (p 31} The latter represent examples of anginal pain with

1 whereas i s the pain that oniginates in non
cardiac organs or other structures 15 evinced 1n the heart nd i adjacent ve-
gons Thest sumilations from a practical pownt of s1en are best grouped with
regacd far thew regonal localits. Chinscally other tvpes of heart pain produced

by nonangmous cardiovascular disease or by general tovic apents fall nto
other groups

1 The Sumulaton of Anginal Pain 1n the Steroum orin the Region of
the Sternom
Swnce anginal pan as we have defined 1t 15 5o Srequently and customanhy
tocalized 1 the stetmal tegion ot dexp beneath it in the chest there 1s the
danger ot or erlooking non cardiac causes of pain in these regions These causes
are numerous The shin overlying the sternum the subcutaneous tissues the
stemum wtself may be the seat of infections or the stemal arhiculations are
attacked by asthntic changes after an allergic or mfectious {towc) process
Rheumatsm of the articulations of the breastbone including the claviculo-
sterzal 15 rare but 1t does occur also snvobsement from gonorrhea or in gout
Pathological alterations of any of the contents of the anterior mediastinal
space may foralize pawn w the region of the sternum the jymphatc glands
and loose areolar tissue the blood vessels and nenes Gastrilga from hyper
chlorhydna ar obstructne conditions of the lower esophagus diseaces of the
Wmach or of the dome of the diaphragm will wnduce patn m or directly be
neath the sternum abvo myunes il or pl of
the viscera In the other mediastmal compartments Pressure of tumors atew
n::s “Sa;culauuns of fluid 1n the penicardial ot pleural spaces 1z able to register
KM . \l:(1 10 or close 1o the boundries of the sternum & curious and tather
clined tvpe of pamn resembling i some Tespects the anginal 1> that de
setibed by Posselt % itermittent claudication developed it alleged 1w the

pulmonars essels The nearer the lesion 15 o the sternus
m the better define
will be the sternal locahzanon of N

pain and the greater the possibility ¢
fore of confusian wath, angnal sternalg b b thee

m

PNy —
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II Into the Left Anterior Chest or Pectoral Region

As far as the thorax 1s concerned, angmnal pam and its reference are pract:
cally always confined to the left anterior wall It 1s much less common to have
the corresponding left postenior wall or the posterior awlla participate Oaly
the non cardiac conditions, therefore, with pun and reference 1n this anterior
region 1re germane to this discussion

Disenses of the superficial tissues are pamful also of the brersts, mastitis,
hematomn, unusutl hvpertrophy with pamn from its dragging weight Some
times the pamn associated with neurofibromata or generalized adiposity 1
localized here Mjyalgias of the pectoral muscles or infections (abscess), new
ralgis along the anterior thoracic nerves to the major and mmor pectoral
muscles (C 5, 6 7, 8 and Th 1), radicular pains manifested occasionally with
1 Herpes Zoster and confined to the anterior chest, offer difficultzes in differen
trl diagnosis Local pan accompanies osteomnyelitts, periostitts neoplasms
or nutnitional or endocrmal disturbances of the bony parts of the thoras, blood
dy scrasiis, multiple my eloma, and metabolic disorders belong here There are
lso disorders of the left chest with contralateral or bilateral pan

111 Into the Left Upper Extremity the Shoulder and the Rest of the Limb

The left shoulder 15 not commonly part of the anginal ridiation that begins
n the precordium nd ends 1n the fingers but 1t may be either by 1tself of to
gether with ridintion well mnto the hand, the sole locality of angmal pun
(Ldeihen and Wolferth,'® Libman,*® and Boas and Levy ® etc) As 1 conse
quence, 1 number of noningmal types of pun in the shoulder requite dufferen
tintion from the anginal pain in this terntory Inflimmations etc of the over
Iymng tissues cervical arthntis and subacromial bursitis, belong in thus group
Arthnitic alterations 1n the shoulder girdle are punful, 1lso neoplasms, etc 1n
and bout the bones of the joint The deltoid (C 5 6) and trapezius (C 3, 4}
muscles very occasionally are touched by anginal pam through the interyention
of afferent somatic or vsceral hibers (Fig 94) ot possibly through the vagus s
1t connects with the upper cervical nerves More often these muscles are the
locations of pamnful local conditions or of nonngnal references 1¢ from the
diphragm by way of the phremc nerve mto the 4th occasionlly into the 3rd
and 5th cervical nerves \on angal pun m the biceps muscle hs 1 amifar
general sigmificance n rehtion to angmal pam

The charactenstic sprend of anginl pamn covers the smrll ternton of the
left antenor 1ullh supphed by the second thoracic nerve and the nner aspect
of the left upper 1rm and forearm down to and mcludmg the v entral aspect of
the httle finger supplied by the second and first thoricic nerves fornung 11
ulnar distribution In contrast pamn in the left arm from non cardiic causes 18
practically always more extensie m area and overlaps zones supplied by the
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rusculo-cutaneous nerve (C > 6and in many cates 1) or the nd:a\ musculo-
cutaneons nenve (C 3 6 7 8, Th 1) ot themedian nene(C>,6 7 8 Thi)as
well 25 the wlnar nerve (C $ Th 1 and m mamy cases € 7) Moreoer the pain
15 of the diffuse and 1ot of the radiculac type

Neants of the feft cenvical or brachul plevuses 1 extremely painful It
follows fractures or dislocations of the nech or shoulder or results from pressure
to the plesus from tumors aneunisms 10 the nech of vertebral caries The
neantss after infections (mfluenza) from takung cold  or from possons {touic
a,ents) 1o quite nten e The spread of this pun vanes » 1th the extent of the
imalsement of the plesus Lesions that attach the 4th sth 6th and Tth and
fth cervical nerves produte pan 1n the shoulder 1n the avulla and along the
back. of the aren soraetumes 1t the forearm and the muscles supplicd by this
Innervation sometimes dexelop paralysis {deltoid biceps coracobrachilis and
supmator muscles) The neuntis that strikes the lowest cery 12l nerves includ
ing the 1st thoraaic nerve may move across the claviculir reg 07 2nd along
the front of the arm and into the hand and fingers and the muscles of ths
mnenation also suffer paralyuis

The neuritis of the lower cervical nerves 18 apt ta encroach upon the left
cervical sympathetic trunk producing left oculo pupillary signs Horner § svn
drome 1e contraction of the pupil and 1nability to dilate fully nirrowing of
the palpebral aperture and shght retraction of the eyeball also shght paller
of the Teft face and nech marked dryness of the nostr} and mouth and a de
erease of the sweat secretion of the nech arm and chest flushing and per pra
ton are subnotmal An unusual form of neuntis associsted with wyury to
cervical sympathenic nenves was desenbed by Khumple aad s sometumes
called Klumphe s palsy

Brachual neyritis 15 2 common disorder very painful otcaswonally very ab-
Tupt m its onset The arm 1s hept wamobile because of the mtense pam and
patesthesios are fretuent and troublesome Muscles supphied by the affected
rerves ate hkely to show pacalysand fater on atsophy trophuc shin changes
are common The condition lasts sey eraf weeks or months then subsides stow, [
lext ing residual weakness for several weehs Brachal as well as cen scal nen
nl:; ﬂ:res up violently and Imgers 1 gout diabetes anemias and leukemus
and the neunts from alephp) t;
dct;cmq 1s common Lm\ﬂ:igem etaic and oher porsons and from \wamn

he presence of a cersical th 1 often not always att

nevralga Distnbution of Pain eic vares with (;e pot:::i“:(b\)h: Z:‘x‘\“\z‘:m
brachual plevus compressed Trom prolonged pressare the muscles of the Tuy?t‘,

undergo atrophy penerally those of the fin
gers and the h.
sigm of diffu e not Tadieylar nenve i oy emer s e it &

nt The muscles show
" " RD 1
danﬂs‘nanﬂ}nss n the cutaneaus aved agam varies with the parts of the pi, -
sed touch 15 not greathy distusbed At some stage neunus from ;\pr o~y
ervi
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cal nb may be constant and unreheved More often 1t 15 intermuttent and
aggravated by exertion or m unfavorable posture of the body, and reheved
when the pressure of the nib against soft tissues 1s hfted as when placing the
hand behind the head In most cases an v ray will reveal the nib and fix the
ditgnosis but in some cases a negative ¥ ray gives no intimatron of the existence
of 1 hgamentous band pressing upon the nerves at a spot corresponding to 2
supernumerary nb

Although sy nngomy elia 1s characterized primanly by a loss of pain sensation
together with perception of temperature, this diseise may be pamnful and m
the case of cervical cord affections, emit darting neunitic pans down the arm
A neuntis of left cervical distribution may lead to confusion with referred
angmal neuralgia Generally speaking, however, n 1ts developed form synngo-
myj eha will not be o\ erlooked or mistaken for angnal pain Tirst of all, there s
selective cripphing of the sensory fibers that carry sensations of temperature
and pain, those for tactile sensation remamming intact This disturbanee, named
by Charcot dissociite anesthesia 1s a striking charactenstic and no less stk
ng 1s the frequency with which this dissoctate phenomenon remains unknown
to the patient until revealed to him by the physician Other charactenstic as
pects of the disease are the trophic changes m the shin, muscles jomnts and
sheletal parts, and gradual muscular atrophy and paralysis

\ anations of symptoms depend upon the extent to which the spinal cord 1s
mnvolved, leading to spastic paraplegia to derangements m tactile sensations
with pun etc The physical signs ard symptoms are bilateral but not neces
sanly symmetrical

Twn® and his pupil Boyer,® described a form of very severe left brachia!
and mtercostal neutalgia in which reference of pain mto the precordwm 15
prominent This pun 1n localization, character and associated signs stmulates
anginal pam Not only this but all left sided brachio intercostal paios have s
certain resemblance to the anginal variety of radiation The latter howeuver, 1>
usually radicular with patchy zones of dermatomic reference the former, as
a rule, diffuse and wregular This point and others described above, help m
accurate differentiation

Radicular or diffuse unilateral pain with hmitation to a portion of the left
arm 1s associated with affections of the vertebra spondyhtis, for example of
the upper thoracic or cervical region Pam of this onigin 1s prone to gro® worse
with uncontrolled moxements of the body during sleep, evertion or unfavor
able postures of the body intensify the pain and rest and measures of immo
bilization bring relief Affections of the spinal cord may or m1y not cause
neurtic pain, moreover, lesions of the cord result 1n bilateral signs not always
symmetnical, with paralysis of the parts above and spastic signs of the parts
below the level of the lesion
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IV Into the Left Side of the Face, Neck Head

The face and neck usually escape anginal pain, though 1L 15 bnown {o get
1o these regront Much more frequently pain in these parts 1s due to other
caases

There ate special pormts of interest about the pan which enters the head
and the cerebral structures Tn such instances one must make certan tht the
pawm 1 these distnibutions s not of anginal ongn because as we have pre
vigusly eheenved (Chapter M) 1t 1s possible for the <ensory component of the
Bith nerve and the tenth nenve to carry angnal pain and posubly the sensory
pactians of the seventh and nunth nenesactina similar maner

¥ Thorzac Condinons thar Simulate Anginal Patn

Tung discases pleurisy hernations at the diaphragm and other duaphrag
matic disorders (ncludmg subduphragmatse contitions) are capable af g ov
ducing chest pasn 1n ot near the heart The mtermittent claudication of pul
monary sessels (f osselt) has been mentioned Thrombosis of large yems m
the theracic cavity seen in rheumatic cardiovascular disease or after mpury
or with artenosenous anastomosis or in diseases of the Hood or with deep
phlebitis from anv ifection (including the migeating tvpe) are painfu) 1f the
lesion 15 left sided suustral radiation mto the cenvical or brachial plevus may
accur Anginal pain may appest ®ith pulmonary ewbolization and wfasction
the embolus may have a cardiac or penpheral venous ongin

V1 Cardiorasculzr Condinons with Simulated Aaginal Patn

L2003 of the pesicardium i general and espeaally those close 10 the aorta
and other large vessels may cause patn that resembles the anginal vanety
Isarule however pamful pericarditis 1s not nustaken for anginal pamn The
fresh perua dius with heart muscle infarction produces pam 1t 15 locatzed
aogravated by moyements of the chest and by pleurat complicatians The
pethsay of pericardial pam 1s by nay of the phrenic nerves nto the fourth
cenical dorsal root and afong the fourth cervical nerve nto the shoulder re
gon (Loffey and Brown and Humber® have descnbed an anastomasis be
t5ee9 the phrenic nerve and the superior sympathetic cardise nerve )
Distention of the aorta in hypertension 18 wsually pamless Diatation of the
30Ktic fing a feature wn the dilated flabby heart of masked anemp 15 occa
vwnally aceompamed by cardiac pam The pam of aortic regargitation man;
fested 1 luetw gortins with s obstrucine encroachment on the coronas
:nhwa :;nes not helong n this category of heart pain 1t hag already be:x
Q:s;r:: - a:r:::la“y;g,:\a}lp;m b%neu)\nsm of blhe aorta produces pressure pam
N as Lieen hnown however to produce apginal
‘::(;;: u\lhe rest of the angnal syadeome (Osler™ Coded and doig’.\le(‘l‘ ;::‘
ic Bartas are not punfu) A d ssecting aorhic aneunsm may be ex
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tremely punful and intense pam 15 associated with sudden blocking of the
large tnibutaries of the aorta as from embolization

Rheumatic 1ortic disease and arteriosclerotic alterations especially when ac
companied by stenoss of the valve are panful in some cases Pair occurs n
advanced arteriosclerotic alteration of the aortic valve Rheumatic duease
that attacks the mitral valve, the stenotic variety, produces pain, somewhat
more frequently i children (Schwartz®) The pun that anses i disease of the
blood vessels in the chest has already been mentioned (p 33) Precordial pam,
even ridinting into the arm, 1s known to apperr with sudden or severe de
rangement of the rhy thm of the heart, particularly of the paroxysmal varety,
1¢, aunicular or ventricular tachycardia parovysmal auricular flutter, paro
ysmal auricular fibnllation, and some forms of heart block also belong here
The pain 1 many of these mstances 1s due to acute coronary msufficiency as
sociated with some degree of 1schemna of heart muscle Pain under these cir
cumstances 1s truly anginal in character

VII Simulation from Abdominal and Pelvic Conditions

We have already suggested that pamn wnd the rest of the angmal syndrome
will stem from a physiologic mass action of the entire autonomic system and
that the different constellations of signs 1nd symptoms vary with the specific
pathnays called mto action

The s1me mechanism functions in the case of abdonunal or pelvic organs
that produce pain Most diseases of these viscera develop no “heirt * pain, but
this hind of pun, however 15 capable of reaching the cardiac terntory and of
sumultting angmal pan It 1s either 1 mild, more bemyn type, comparable to

mterval pun or intense and parorysmal The hatter together with manifes
tation of shoch anety, etc, are hardly distinguishable from the state attend
ant upon 1cute myocardial infarction with or without coronary occlusion The
angina pectoris or acute myocardial infarction masquerade of abdominal dis
ease therefore 1s responsible for tragic errors i surgical Judgment Acute gen
crihized postoperatine peritonitis simulating acute coronary occluston 15 3
striking case 1n point (Averbuch?)

Acute gall bladder disease (cholecystitis empyema) rcute pancreatitss, sud
den perforation of the stomach duodenum or ntestine are explostve conditions
characterized by pain and often with references of pain ind by general mam
festations again suggesting a mass excitation of the entire autonomic system
This 15 amalogous to the state of affurs that preyals i an attack of angina
pectoris and we could, therefore with some relevancy speak of angna pec
toris” of the gall bladder or of the pancreas Intense cohic from bow ] obstruc
t1on or from mechanical obstruction to any hollow structure urcter bile duct,
etc, from extensive mfarction of an organ or from thrombosis in Iarge abdomt
nal or thortcic vessels (including the pulmoniry) or dissecting aneurism of the
aorts, all these mnduce pam and assoctated features closely simulating the
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\nterse attach of acute myocardil snfarction with or without acute coronaty
\hrombosis Although of rare occurrence the pefvic organs male or fernale
en ender pam that finds 1ts way to the cardiac tegion the teverse of thishas
been descrbed 1 Chapter \I - Abdominal viscera act i 2 sumar way the
organs clocest 1o the duphragm causing the most pronounced effects For
eumple 1n no other condition 15 angina pectons or acute myocardal infarction
more closely <umulated than 1 esaphageal herniation Lpper abdominal or
gan possess 2 double and full innervation (sympathetic and parasy mpathetic)
and perbaps also 2 more diffusely developed <ystem of visceral afferent fibers
Organs foner 1 the celomic tavily are pot as well developed 1 thus vespect,
and this may account for their comparatie Immumty as sources of evplosne
episodes
Surgical conditions of the abdomen and pebs do not s 3 Tule offer any
ble difficulty 1 diff \ d from anpma pectons or
acute myocardal mfarction but there are unfortunately enough exceptions
when 2 differential dagnos:s 15 almost impossible and the reason for s 1o
some extent we have tried to clanfy elsexhere n thus text (Chapter \I) We
see no point 1 connection With this problem to detml extensnely the «igns
and symptoms of the surgical conditions that attack the sbdomen and pelvis
Although these are well Lnown even expenienced physicians well grounded i
these details eacounter cases that defy accurate diagnosis

Vi1 More General Causes that Simulate Aagial Pata
These form a rather large but Wl-defined graup

A ToMC AGENTS AND STATES

N ES these pansotis ke lead and arsenic etc and the abuse of tobacco are
eld under specral suspicion These substances evert a general novous influ

ence on the nery ous system d ‘egetat

e centers of peripheral nen es
“h‘y‘\; ;aps set :p :ll(ergxc changes or some degree ot chemucal alteration of
10 1 the heart and referente 1s one feature N\utry
nional
tates probably helong here also 7ot defcencs

w{:::\r\?l ‘T; speak of the simulation of angmal pamn from tobacco presup-

s n\; : uc\:c)) an cawse angmst pam The guilt of this weed however, as
MR 15 1

R PR 15 not entirely clear Allbutt believed smaking causes

Huchard® described severat chny
wcaf forms of
Ema - and empha ved the effect of nicotine e o

o pecially m connection with the
I; i ;ux‘:: orl\ antenosclerasts on the other hand Brooks! from bus espenence
e ‘; ‘i::‘y::l\: toharco The literature contains many statements pro
and dthal et :‘;h: [f::hh;ssmier‘ published cases with a Precipitating
ard to deny and \oshe "
cases oshcon1tz™ 1
“1th s\mproms closely simulating anginal pan poried seveal
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tremely pamful and intense pain 1s assoctated with sudden bloching of the
large tributarnies of the aorta as from embolization

Rheumatic nortic disease and arteriosclerotic alterations especially when ac
companied by stenosis of the valve are paimful 1n some cases Pain occurs m
advanced arterosclerotic alteration of the aortic valve Rheumatic disease
that attachs the mutral valye, the stenotic varety, produces pam, someshat
more frequently 1n children (Schwartz ¢) The pain that anses in disease of the
blood vessels m the chest has already been mentioned (p 38) Precordial pam,
even ridiating into the arm, 1s known to appear with sudden or severe de
rangement of the rhythm of the heart, particularly of the parotysmal variety,
1e, auricular or ventricular tachycardia, parovy smal auricular flutter, parot
ysmal auricular fibrilltion, and some forms of heart block also belong here
The pam 1n many of these instances 1s due to acute coronary nsufficiency as
sociated with some degree of 1schemia of heart muscle Pain under these ac
cumstances 1s truly angmal i1n character

VII Simulatzon from Abdominal and Pelvic Conditions

We have already suggested that pam and the rest of the anginal sy ndrome
will stem from 1 physiologic mass action of the entire autonomic system and
that the different constellations of signs and sy mptoms vary with the specific
pathways called into action

The syme mechanism functions 1n the case of abdominal or pelvic organs
that produce pamn Most diseases of these viscera dev elop no “heart” pam, but
this kind of pamn however s capable of reaching the cardtac territory and of
stmulating angmal pain It 1s exther a rild more benign type comparable to
“mterval pam, or intense ind paroaysmal The latter together with manutes
tation of shock, anxiety etc are hardly distinguishable from the state attend
ant upon acute my ocardial infarction with or without coronary occlusion The
angina pectoris or acute myocardial infarction masquerade of abdominal dis
ease, therefore 1s responsible for tragic errors in surgical judgment Acute gen
eralized postoperative peritomitis sumulating acute coronary occlusion 15 3
strihing case m point (Averbuch?)

Acute gall bladder diseast (cholecystitis empyema), acute pancreatins sud
den perforation of the stomach dusdenum or 1ntestine are explosis ¢ conditions
characterized by pain and often with references of pun and by general mam
festations, again suggesting a mass excitation of the entire autonomic system
This 15 wnalogous to the state of affairs that prevails m an attach of angma
pectonis ind we could therefore with some relevancy speak of angina pec
tons” of the gall bladder or of the pancreas Intense coltc from bowel obstruc
tion or from mechanical obstruction to any hollow structure urcter bile duct
etc , from extensts e nfarction of an organ or from thrombosts in large abdomi
nal or thoracic vessels (including the pulmonary) or dissecting ineurtsm of the
aorta all these nduce pamn and associated features closely simulating the
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autonomne e ous centers On the other hand these powons have & (\c{rm\\{
el effect and cardiac pain may be therefore 3 conzequence of an mduced
neurtty. for eample or perhaps even of a tovic action on heart muscle

B Drucs

Adrenalin s hnown to induce patm in the heatt and meahia has precipitated
paroxysms practicalh 1dentical ith those of anmna pectons his ocours
more frequently 1 angmal sufferer than 1n normal subjects There 15 some
tumes 4 genexally accepted nation that caffene and strong tea also may pro-
duce pun m the heart While 1t 15 conceded that these substances bnng some
deyree of cardiae distress from cardiat overactinaty ot mld arthy thron they
bive no great practical signikicance as instigator” of heart pan

C STayES OF AstinyNiy

Thus has been alluded to elsewhere (Chapter \) Conditinns of low oxygen
anufically produced as 1 testing, the endurance of aniatats oF n very high

altitudes provohe pawn 1n the heart Asphyauing gases may abo cause candiac
M

D Axrstas anp Orier Broop Conpirions
The heart exhihats pan ot always to be sure 10 mpotetished states ot
decorders of the blood forming tissues € allavardin™ reported two strilung
Wnstantes of pronounced precordsl pam with radiation mio the left arm due
to hemorrhordal loss of blood and sudden <evere loss of blood from gastric
wleer leads to acute covonary msufficiency and angnal pain {Scherf ® Master
el  Buchner ¥ Aschend ) Anemis pecialls permia

hate peunitic features and these 10 the left arm or chest may simulate anginal
Rm

E ExpocRve DIsORDERS

Heart pain 15 associated With endocrine disorders and in menopause pre
cordial fain may appear Sometimes it 15 assocated w1t by pachromic anemia
4 this stage of hie of without anemas flushing  hot and cold sensation
emotional changes and neuntic pain in the lmbs ate frequent

Myvedema Mewsner * Zondeh* Fahr M reported cardsac enfargement (d:
latation) m my<edema that receded o~ ths "oud therapy heart pain was pot a
feature In view of this the case Epo

med by Lawbry Mussio Fournter a d

Walser™ and 1no cases publist ed by Abrame Brutc and Heitz! have unus\:‘a]

Mterest Thyrowd therapy topped the parotvsm and hefped the mv<edema

1h:; ca<esnd{ Abramy et al the therapy aggravated a hvpertensive state
rares disease (ardiac pain 1S sometimes ob:

s s ) e c:‘ ds‘car:ccl mn this condition witk

peractvity The pa




228 NGINA PECTORIS AND MYOCARDIAL INFARCTION

It 15 common experience to observe heart pamn or distress from smokmg ina
certain number of healthy and perhaps more often m carduac subjects The
older view held nicotine responsible, but this has no established foundation
In statistical studies, to mention but one publication, Winte tnd Sharber?
from an analysis of 750 cases of angmnl pain found no more smokers thanma
control group of 750

There are of course, ndnidual differences 1 sensitivty to tobacco For
some a Inrge amount of tobacco 1s nnocuous for others with marked sensitn
ity a smnil quantity 1s injurious as from an occasional short inhalation of
tobacco smoke or absorption of tobacco protemn through the mucous mem
branes of the mouth These short exposures to tobacco are known to induce
pain 1n the heart or 1ggravate an already ¢usting anginal state More recent
mvestigations point to a relationship between tobacco and the cardiovascular
system

Harkavy™ believes the incidence of sensitivity to tobacco protem (he 1
careful to make 1t clear that he 1s not speaking of ntcotine) 1s high m mduidu
als who have vascular diseise Tor example, of 140 subjects with thrombo
angutis obliterans 70 per cent gave 1 positi e shan rerction to vanous tobaceos
tested and of these positine reactors, one half had reagins (antibodies) to
tobacco in the blood serum About one tenth of the number of the 70 per cent
possessed 1 general constitutional allergy to many proteins This would sigmfs
that of the total 140 cases with thrombo 1ngutis obliterans 60 per cent nere
essentially sensitne to tobacco but were free of every other type of protein
sensitin ity In contrast were some 400 unselected normal smokers as a control
group of these only 10 per cent were positive to tobacco alone out of a total
of 38 per cent w ho reacted not only to tobacco but also to the protemns of timo
thy hay ragweed and horse dander in various combinations

Similar observations on coronary artery disease disclosed results of <pecil
sigmficance with respect to angina pectoris Testing 100 subjects with coronan
artery disease Harkivy uncovered about 40 per cent that were sensitive (0
tobacco 15 well as to some of the protemns listed above Of these 33 per cent
had personal or famuly histories of allergy This contrasted with an meidence
of 10 per cent of constitutional alleryy wm the thrombo angutis obliterans
group Of the 40 per cent reacting to tobacco two thirds had reagins to tobrcco
n therr circulation Tinally 1 pomnt of some clncal import  the majority of
these hypersensitive coronary artery disease subjects fell into an age group
averaging 45 years or younger

These studies appear to confirm the climcal impression that the carho
~vasculr system 1s peculiarly vulnerable to the ravages of tobacco and seems
toact within certamn hmits as an  allergic shoch organ

Jead arsemic other metals These have the common property of acting on
the vegetative centers It 1s, therefore concersable nlthough no proof 1s 1t
hand, that these poisons produce cardinc pun as part of the reaction of the
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dividuals with so called eweulatory neurasthema  soidier s heatt,” Lelong
bﬁ:\'x these vl may be regarded as belongin,, to @ hypersensitis € group
{Crapter \IV) It s well to appreciate howeser that angind pectons and
acute myocardial infarction show no tendency to <pare them as a class
deed large numbers are sictuns Dyning the throes of a severe parovism espe
cally 1f acute coronary occlusion has occurred there 15 seldom any doubt
2bont the true nature of the malady but after recovery the patient mav com
plain of p 1 pawn and rad; or of appret that tax the dug
gostic shill of the attending physician Are these subjectue signs without any
orgamc basis of are they the attestations of recurrent occlusions in <mall
(oronary twigs ot of episodes of acute coronan wsufficiency® The ansser 18
that one or A1l may occtr but the mpartant fact will remaun thiat 15 wiser
and _afer to look upon these complaints as not 1maginary i view of the past
fstory of the patient and to temper the prog agamst the hyp [
background of this type of indimidual One can never wholly disregard the
anginal factor m a person who has once had 2 genuine paroxy s;m

There 15 still another group of wdniduals who over many years have suf
fered with pamn that seems to anse from vanous viscera In many nstances
the pan 15 50 intense and so well localized that surgical treatment js mstituted
These ndividuals are apt to suffer the removal of appendix pall bladder
pelvic organs anly to continue to hase pa
the heart with radiation mty corresponding 15 ts these
Pams have no organic basis and are induced by pey rhogenic states for evam
ple by reaction to fear to subconscious causes or to conditioning, mechanisms
Many of these subjects are consersion hysterics who express the con ersion

by card ovasewdar features with precordial pam and radwation a prominent
mamfestation

1t their remaimng organs often
A A
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may require separation from the anginal type particularhy 1n subjects with
auricular fibnllation or other signs which denote myocardual alteration

T MiscrLLANEOUS

Laubry’ had a remarhable experience of witnessing mtense precordial pan
with radiations nto both arms, shock, etc, pointing to angina pectoris 1 &
man of 60, 1 smoker, who, two days later, proved to have epidemic encepha
Iitis

Biliary duct disease also has been described with the occurrence of angmal
pain, and Osler® wrote of the assocration of angmal pain with migrame at
tacks and with Rayniud’s diseise Much has been published on the connection
between angio spastic states of blood vessels in general and the coronary
vessels (p 281)

Pam 1n the heart 15 not a rare occurrence in subjects with gout and diabetes
mellitus Coronary artery disease 13, of course commeon i indniduals who
have these affictions The matter of incidence 1n similar age groups may be
relevant or 1t may be that the metabolic disease 1s fertile soil for the develop-
ment of occlusive manifestations 1n the coronanes and other vessels These
metabolic disorders however, are alleged to nduce non anginal carditc pam,
that 1s to say, i the absence of mvolvement of the coronary circulation Lib
man'® mentions a case m point

In dizbetes mellitus pamn 1n the precordial region, especialy with radia
tion mnto the cervico brachial plesus or nto lower intercostal nerves suggests
some form of neunitis The neunitic pain, as we have indicated 1s able to

flow” toward the heart region and so simulate either anginal pain or even
the entire syndrome of angina pectoris An interesting corollary 1s the severe
precordial pain with radiation and other features of angina pectoris precnpltated
by the adminstration of insulin

G EMOTIONAL STATES

Many emotional states ranging from intense 1nger, grief, fear mental dis
tress to mild upsets of worry or anviety produce pun that is felt 1n the heart
This patn 1s nonangmous unless the heart coranary vessels or aorta are actually
imphicated (p 194)

There are many hinds of nonanginous pan in the heart or i the chest region
of the heart variously termed heart pang’ heartache ? etc Fhey ranget
from mild almost gentle discomforts or paresthesiis to sharp and severe of
dull and throbbing mamifestations Their duration 1s, as a rule brief The sub
jects are usually high strung neurotic indinaduals heart conscrous and ner]
vously apprehensive often sensitnve to any discomfort and generally m:’(c
and fatigued They hive nervous heart trouble or pamn and are very apt m]
on the defensive regarding the vahdity of their symptoms or complunts In



SECTION TIVE
Concept and Mechamism of Anginal Pain

CHAPTI'R NIII
Phvsiologic Aspects of Pan

1 General Considerations

Pu\ has general biglogic and more spectfically  physwlogic significance
Bulogcally 1t 15 allied to other sensory phenomena and seems 10 act
ithin certam hmits as a premonitory $aming and asa protective mechanism
The of pam n ¢ 1e the of pam prob-
ably belongs m the realm of psychology the mitation and transmisston in the
realm of physiology

From the physiologic pomnt of view pam depends on two factors the nature
of the stunulus and the function of the nerous apparatus which receives and
transmits 1t and regsters the effect The outer mtegument of the body 15
nchly endowed with many nerie endings from winch nerve fivers go to the
cerebrospmal system and along these fibers a vanety of sensations are con
veved There are nerve endings for pckang up tactile and thermal sensations
and spectal nen e endings with arbonization arrangements for pam Moreover,
certamn zones i the shin are unusually bypersensitive to pan the cornea for
example the tympanic membrane the nail beds the junctions of slin and
mucous membrane at the mouth and anus The finger tips lips and genitalia
and anus are Tichly supplied with all forms of nerve endings The comea,
tympanum and dental pulp possess pain receptors only

The muscles covered and protected by the skin or outer envelope of the
body are not required to appreciate or discern thermal or tactile sensations
but they can produce pai after extreme or prolonged contractions or marked
stretching Muscles betome pamnful whea their usual range of actnayy s ex
ceeded and cramps m the rouscles are every day occurrences Muscular activity
llsobsemd also m hollow organs of thebody 1e bile passages gastromtestinal
fact gemlounsnary tract artenies the lning or inner coat of these structures
s:;:fled with the shin 15 nsensiuve to pam The outer coat or setous fayer
e e e e e i o U et
tractions for exam ])’ are provoked into exaggerated or prolonged con

ple m overcoming an obstruction 1n a lumen Muscular

Contracuions beyond a certar pomt or threshold i other words an mcreased
tension of the muscle fibers 15 announced as pain

k)So‘hd organs hhe the brain the Iner the spleen the Jadneys are insensitive
stunul that readily produce pain ia the sban Countless meidents are on
233
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1n cutting this nenve pothway Tlsewhete we have commented upon these
ews (Chapter W1}

States of intravascular pressure within the aosta and the speaial beanng this
bas upon the aortic nerve endings (perhaps including afso the nene supply
and sction of the carotid smus [Koch ™ Henog ™ Heymans & at ")) ate in
\ohed as responsible mechanical agents for Ahe provocation of angmal pan
On this passs. with the vagis and the depresset nenem constant touch with
(he heart and wath thewr partiaipation 1n the regilation of pulse rate and 538
temic bload pressure the aorta 15 looked upon s 2 fund of tambour for the
announcement of effects nithin and for the imtiation of important regulatory
refleces not only pam By briaging mto prompt action a refiex ol monyv
temuc blood pressute thus trigger ready action of thas part of the sorta yenders
1 posuble to nard off distention 1n this vessel and i the heart alsa The wnde
vadual 18 thus i possession of 3 wider masgm of safety and not only 13 pam
warded off but more unportant sudden and overshelmung cardiac mhibition
The action of the vagus and depressor nerve have been aplly called the safety
vaheof aottic and cardiac distention

The zortic theoty has recened the brunt of many onslanghts and a seeming
teutng blow 15 the absence of a depressor nerve w mwan (Chapter T\) Thus
blow however s not as devastating as one yught beheve The exitence of
<enofy £ ers 11 the vagus is not questioned and these may be capable of car
ryag pam impulses from the aorta Moreover, there are sympathetic fibers
from ts regon {aorta) that po stbly function 1 a simidar way and indeed

sntme anatotmsts tnd that the equinalent of the depressor nerve may consist of
sympathetic strands

B Coxonvary Oriome

% second concept has been advanced that the coronary vessels of the
heart are the primary seat of angmal pain Here agaw there are chemical and
mechmcal stunah at worh The chemcal ate esther i the vature of <olutp:
or substances acety lchakine ot sympathin (adsemn e} ete 1berated dur .
the transmuesion of mmpul &5 to the nerve endings or chermical substa -
ehborated during the metabolom of heart ruscle the procinat; e
latter substances to produce e hese

pain 1 regulated by the
the blood supply to the heart musdc‘> > smount and character of

Mechames! stimulation alse aeco
unts for pam that anses 1
n the caror

::‘::el; ':’t\&e sessels are very prope 1o suffer temporary or prolonged u‘c‘.“l“y
e 1; he former mstance poin attends the transient block or cafxst ‘C .
n w;o ::: 1am ::d :u;’ sccompansment of the first hours that en ne n;l ‘;:
en argued that pai follow  from the y
N natial spas
n ‘Z!;n:esd:nd that the block wself 15 not 2 responsible azzn? !l‘:::ﬂl -
0 difate on thr subject but data euist to indicate that the rfc:: y thc‘
anica!
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record of sharp and deep wounds or lacerations to these organs m which no
pain was experienced The coverings of these organs, howeyer, are responsne
to pamn producing stimuly, such as injuries, mflammations stretchings, pres
sure, etc As a result, headache from meningeal irritation 1s common, patn from
hepatic, splenic or renal capsular mvolvement 15 not rare It seems that 1
these solid organs, the thelihood for the occurrence of pun 1s in direct relation
to the linear distance that separates the lesion i the organ from the em elope
that encases it The heart and 1ts envelope, the pericardium, 1re no exception

While pain in the foregoing conditions 1s caused by a varety of stimuly,
n cardine, coronary or dortic pamn the stimuli are pnimanly mechanical or
chemical

IT Sutes of Origin of Cardiovascular (Angtnal) Pain

The victim of angnal pam, and for that matter of any type of heart pam,
1s unable to localize accurately 1n what structure his pain ongmnates It 15
sometimes stated that any pain that starts n the aortt or coronary vessels
or heart muscle possesses some distinguishing truts i each nstance This
view 15 muntained by some but most agree that differentiation on this basis
15 not possible Be this as 1t may, 1t 1s, nevertheless, of practical value to con
sider these three anttomic structures as the chuef sites of the ongin of anginal
pam

A Aortic ORIGIN

With respect to the aorta the theory has long been held that angmnal pam
and the entire angnal syndrome 15 produced 1n the first or ascending portion
(As a matter of interest Heberden’s® description of angina pectorts has been
mnterpreted as of aortic ongin ) This theor; presupposes the mechwmaal or
chemical irnitation of sensory nerve endings in this provimal portion of the
aorta which undergoes spasm and leads to the most frequent vanety of angnal
pam, substernal The occurrence of spasm or constriction 1s supposedly facil
tated by alterations i the vessel wall or of 1ts nutrient channels According
to Allbutt?~ and to Wenchebach * the spasm follows mechamicd and chemical
wnitation or upen ntravascular alterations of tenston, and sensory impulses
from the aorta travel nlong the so called depressor nerie, a vagal structure
Vaquez ° also was a strong proponent of the nortic genesis of angmnal pam and
angina pectors, ind Allbutt and Wenchebach were the chief adsocates of
the importance of the depressor nerve Allbutt wrote that this ner\e¢ became
hvpersensitive worried,” 1n angina pectons that it was  stung by anginal
pan to act upon the heart often decrescent and in this way caused cardiac
nhibition and death

4 enchebach not only upheld the aortic genesis and the role of the depressor

nenv¢ but, with others Vienna mauntamned that the relief of ingmnal pam fay
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neotrahized or enhanced by (b) an adequacy or deficiency ?E ;hc cl({cu!;urlli;
10 the muscle affected Ischernt proves to be = comman uderly N8 lacto !
many stuations Thus anginal pam s frequent mn duease of the hc’lut r;mscne;
or of ats wmgating channels or of the prowimal part of the aorta “"‘l ;“ m A
these circumstances 1scherma of heart muscle mas be an associated ac{mr
peciat forn of coronary autery disease s attended by a tugh mcnlilence(;‘ angt
nal pan namely fuetic disease of the onfices of these vessely Here the n:rl\
wsite blood supply to the heart muscle 15 duninished and ischemua obviou by
1s not an wnanticipated consequence Anginal pamn 1S not at ol rre i ardac
or even normal ndnaduats suddenty subjected to low axygen tenston as i
attamng great mountasn heights (Monge? ) or worhmg at mdustnal pro)
ets at low barometnc ptessure Angmal pain 15 encountered 1n <evere anemta
1 ponotungs s hick lower the oxvgen capacity of the blood, and alter <evere
exercse ndis tduals who has e had cardiac pomn may develop angmal pam with
charactenstie. electrocardiographic signs or electrocardioprapine signs my
otcur without the pam (hat2®) Tennant and Wiggers * beheve that angmal
pam 15 produced by the penodse stretching of damaged hent ruscle, simitar
to the stretchimg of muscle elsewhere i the body 1 gall Wadder miestine
et

Studies of the chemistry of 1scherma have uncovered new and signihicant
data Lewss Tichening and Rothschuld found specsal metabolites formed dur
mg the contraction of sheletal muscle these products stimulated the pain
nene endings They lahelled these chermcal products P factor The same
productsor T factor elaborated at a much lower rate were found in muscles
atrest This was established by Perlow Marhle and hatz * The concentration
of these metabolites was greaty hastened m the ca.¢ of heart muscle when
the organ was compelled to contract i the face of difficulties s Tugh aortic
pressute or when already damaged as in marked dilatation of s chambers
and from the haaturin,, of 2 coronan 1essel the related muscle segment was
ShonT to develup excesan e quantiues of lactic acid with depletion of gly cogen
On all these grounds an 1schemiy of heart muscle came to be Yoohed upon as
the cause of angia) pain
\d::\\lz: t:udrs‘; :ﬁ;n‘\azngmuns Wtwas recogmzed that the P factor of not

scacid at deast 1 many respects 1t hehaves ke lac

tic acd (ot phosphoric acid) Yor example lactic acsd 15 known to cause pan
10 muscles when injected mtraveno sY (Moare Moore and Singleton™) mus-
eular contractions will cease with the accumufation of the acid (Fennant 3
and 3 tugh concentration of the acid depletes mescle glycogen Siace hetie
ackd i neutrafiaed by afkab mgested soda bicarbonate s been employ ed s
cesstully to retard the anset of PN 1 an ar ©
propertes of Yacue acid e ere el (Rata") These
factor are almost anterchangeable with tho.e of the B!
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occluston of coronary vessels obseryed in gradual obliteration of the lumen or
m an organized thrombosis of long standing 1s not pamful This statement
however 1s not intended to 1gnore the vital function of collateral circulation,
the relation of spasm to rtenosclerotic v essels 1s not clear

To some extent, but only to some, ammal experiments lend support to the
belief that 2 temporiry mechantcal constriction of 1 coronary vessel s panful
We have in mind the signs of pan that attend the sudden rapid hgaturning
(squeezing) of such a vessel Although Cohn” has argued that experimental
traction on or squeezing of an amimal s coronary vessel may not be identical
with the spontancous spasm of a human coronary vessel 1t would scem to us
that 1t cannot be dented that all three events have a common denonunatof,
namely, 1 physical mechanical element, and this regardless of any chemcal
chan of reactions The mechanics of spasm, therefore, may be common to
artificral and spontineous coronary constriction Wiggers 3t ¥ objection or
rather his resersation to the acceptance of the theory of spasm 1s more to the
point He stresses that the coronary vessels contam very few muscle fibers for
the development of sufficient tension to produce pam The mduction of pai
by ligating a coronary yvessel or by tridirectional traction exerted on the vessel
in one plane (Gorham and Martin®?) probably depends on mechanisms ather
than tension of coronary muscle fibers A further criticism of the spastic the
ory 1s that 1n coronary spism coronary flow may not be reduced after all, a
position advanced by Wenchebach® on chmical grounds and ndirectly sug
gested by the work of I ew1s, Pickering and Rothschnld®® who found that blood
vessels of 1schemic sheletal muscle becime dilated and developed an inereased
pressure Wiggers and Cotton¥ do not accept this

It will be noted that pam has here been described 1n terms of mechanisms
outside the anovic effect on the myocardum (p 6) 1 point of view emph1
sized again recently by Wyburn Mason * The theory of sprsm of the coronary
vessels cannot et be abandoned

€ MyoCiRpIAL ORIGIN

The occluston of 2 coronary vessel is a mechanicil event the signiftcant
results that follow from this are chemical This 15 true under natural conditions
1n man and i esperimentnl practice on ammals A coronary vessel that nour
1shes a section of heart muscle and remox es metabolites from 1t cannot func
tion when suddenly and tightly hgated The heart muscle is mumed and
develops changes in electrical potential Tlectrocardiographic records of such
changes resemble closely records obtuned after an abrupt coroniry closure n;
humans The logical inference 1s therefore, that m each cise an 1schemin of
the cardiac muscle occurs This 1schemia as we shall discover 15 conditioned
by two opposing factors at least (1) a chemical alteration oxygen Ik, 31

* factor (lactic acid production) in the muscle which 1 turn 15 numnuzed,
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a0t thrombosed The systerme the constitunional features accompanving a fe

duchon 3n toratan treulaton 3 reduchion shich appeats to be essentulfy
funetions] 1 nature {p 1) 25 1 the case of acute coronan msufficiency , ami
those Shich come with structural damage of the heatt 1¢ - acute my ocaraat
mfarction are Yne expression 10 both wmstantes a¢ Beline of autonome
20tnity Varvang onty m antensity srd Jduaatton 1t 1s not suggested that the
ceduction 1 corgnary flow brought on funciionalh te by vasocanstriction

or by sudden blocking of the lumen of the vessela or the actwal firvet muscle
dama, e precipiiates the autonomic reaclipn OF Ve Vo< There 16 1o settied
Lnoviedge on thus pont Fowever 1t seems to be established that carduac
pam {and cardiac pam with be 2 sumed to be a testmony of dimmshed coto

nary arculation) can be mduced by stirulating 2 patt of the autonomie sis-
tem Lerche® brought on intense cardiac pain in human beings by stmwlating
e feft steliste ganalon and Spieget and Hastimoto™ obtained the same re

sult in dogs

1§ The Nemous App for the 1 and Tr

of Para
Our under tanding of the imtiation and transm sion of pain has been aliered
and extended by the use of the cathode My osoillograph This mstrument
based upon vacuum tube amphfication il record the amphified achion poten
tal of nerie axons sumulated b, pasn The electnical potentials of sersory
nenesare very minute and have different waves with respect 1o <i2ze shape and
aite and differences also i refracton period in electnca) exod) 11y arg i
e predifection to tranel n nere tibers depending upon their diameter and
the presence or absence of myelination On the basis of these cntera rere
fbers for carnying puin appear to fall mto four general groups and of these to
e esproally wered s paa w general and from our sproal porat of
siew with cardac pam
These tvo groups <o-called L and B non medullated and <mall-sized
medutlated nbers are sfow  thers that 1 they comney Pan mpulses at
s'ow selocities about 15 t0 60 per second contrasted with veloaes of 100 to
758 per second from muscle spandles There 1s some ey dence that fbers of the
€ group nan medultated tbers are wWennficd with duly
fibers ot the B group small medullated fibers with transient sharp 1
general however vananions of inten 1ty are due chiefly to an agpre) Ilmql}' i
obtawed by amultaneousty extitng differen hinds of fibers eu{:'ﬂ“ﬂc o
own charsetenstic it of veloaty shape and swe of potential way. I“lhll“$
\o matter what dynd of excitation thermal mechanical or rhtmc;;}
Dlied to the nerv e ending- fot pain these strycyres 1n Teacting ohe —
e By s femeast it the s potentul sases et arentn way o
ed ran ¢ of frequency and of o de
the mtensity ufcg)c ..pilecd swn“:;:: 3?\:;:%’;:‘:‘1:2‘;:0:"’ 1 ’t‘“ et
wavee Tl <y
not thesr frequercy beyond a defimte rate Yar example 2 E::::‘X}:s:

\ngennz pam and
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The production of lactic acid or a “P” substance, however, 1s but part of
the story, the other part depends, as already hinted, upon the airculation to
the tissue affected The piling up or removal of metabolites 15 governed by
conditions which exther facilitate or prevent anovemia (ov gen lack) A blood
supply msufficient to prevent (by neutralization or physical di placement)
the concentration of these chemicals tbove a certain threshold shares i the
mechanism that incite the pain nerve endmgs to produce pan

A natural corollary 18 the alleviation or termination of pain in a muscle
when 1ts circulation 15 mproved and the ovygen lach or debt in the tissue 1s
thereby wiped out For anginal pan an adequate circulation or 2 blood supply
ready to meet the urgent demands of mmpending 1schemua of cardiac muscle 1s
a sine qua non Pan, therefore, m the heart and its allied structures 1s deter
mined and regulated by the 1ccumulation 1nd concentration of metabolic
products and by the wvatlability of adequate quantities of ovy gen transported
through the arculation (See Chapter I for anovemia of hert muscle )

The pamnstahing studies of Blumgart 1nd lus co workers® & carned out ond
large postmortem matenal of cases showmg chmical mamifestatons of angina
pectoris, coronary thrombosis and my ocardil infarction, and congestne fail
ure, led them to conclude that “the underlying mechimsm in angint pectons
coronary failure and acute myocardial infarction rests upon a relatne dispre
portion between the requirement of the heart for blood and the supply of
the coronary vessels* The extent and duration of the relitnve 1schemia was
responsible for the myocardial alteration, not the manner 1w hach the change
was caused This myocardinl damage (infarction) and not the closure of the
coronary vessels per se was responsible for the climical syndrome designated
as 1cute coronary occlusion and characterized by severe precordnl pamn, pollor
and other features of shock and by well recognized electrocardiographic find
mgs Extensne and minute examnition of the autopsied hearts cons nced the
authors that in the human being an effectrve collateral coronary circulation 1s
formed to meet the new demands consequent to myocardnl nfarction and
that the sudden onset of ingina pectorss or marked evacerbations in witensity
or frequency of attachs of angina pectors is presumptn ¢ es 1dence of coron1ry
occlusion or progressn e narrowing which has gone bey ond the rate of develop
ment of coronary circulation  Attacks of severe and enduring pan associated
at times with collapse, were attributed to anosia (1schemit) resulting from &
prolonged msufliciency of blood supply to the heart muscle, 1n other words IID
a disproportion between the quantity of blood the heart needs and that which
1t recenses This coronary failure’ they go on to say  may occur with or
without simultaneous, or immedintely preceding coronary thrombosis

1f for the sake of argument one substitutes the condition 1cute COTONATY md
sufficiency for coronry fulure’ 1t will be appreciited that 4 wide range an!
intensity of symptoms mry attend attachs m v lich the coronary sessels 3¢
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The second objection revolves about the concept that differences i the
acuity and 1 the localization of referred patn ate deterrned by the fact that
sensations of pam are catried atong MAM Hhers COMEIRINE upan. cormon
mtraspima) central neurons whereas Louch sensations are transmitted by fibers
each of which makes a separate contact wath an indn 1dual imtraspinal central
neuron Tt 1s chfficult to accept this concept unreservedls because the common
neurons 1n the spinal cord concerned wath referred pam may N recene a
comerging roup of sensory impulses from multiple focs on the surface of the
body and yet fail to produce angmal pam

Tmpulses of pain hase the smailest magmitude and their veloaities are <los
and imtermttent yet pain from the heatt and aorta often 18 thy thre even
constant 4 theory of the function of some amphiying device at work i the
<pinal cord and probubly 1 the higher bram centers has been proposed to ey
hain the regstration 1nto consciousness of pawn s an wntense and continued
<en.aton The thalamus and cortex are recognhized as receptors translators
differentaators of pain whereas the lower centers especally the central synap
fic junctions n the spinal cord according to Wi gers are supposed ta fulnll

e main amplifying function The concept of pan amphfied m the neuravs
nastyet fully established
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citation to these nerve endings produces a volley of impulses which 1s readdy
recorded as potential waves along the avons of the fibers connected to the
nerve endings This volley or train of mpulses travels at a slow rate, about
30 to 40 per second At this rate pamn has an mterrupted or pricking char
acter VWith a faster frequency, about 60 per second, pam grows continuous
or smooth This change in rate takes plice 1n 1xons that are the ame (iden
tical) and with no vanation m magmtude or form of the waves, moreover,
the velocity does not exceed 1ts upper imut, 60 per second, and this mereased
rate 1s stall slov compared with that of touch

The heightemng or intensification of pam 15 accomplished, therefore, by
variations tn the rate of the frequency of the potential waves that pass along
dentical nerve 1vons except for this rate of frequency the waves undergo no
change m range magnitude or shape The main cause of ntensification of
pamn, 1t 1s alleged, 1s 1 spread of activity among an icresed number of dents
cal avons The imtensity of pun, however, does not nfluence the duration of
pamn, pun does not linger merely because it 1s more mtense I'urthermore, the
mtensity of pun 1s not related to any mcreased acwnty 1n 1ts locafization Hem
becker Bishop and O'Leary'* demonstrated experimentally that an mncrease
In the total number of nerve fibers carrying touch merely enlarges the area
wherem the touch sensation s felt

Like referred pun from other organs, the coronary cirdic varety has two
mdependent routes a visceral and 2 somatic, both active and with common
focal pomts for the meeting of their impulses This hy pothesis 15 well estab
Lished m the literature As 1t stands, however, 1t has to overcome important
objections only two of which we shall discuss at this pont * First, as far as
we know no one s yet has finally defined anatomically the central connections
for pain n the entry zone of the dorsal grey matter of the spmal cord Indeed,
the zone of entry m1y be elsewhere * 1n the dorsal roots according to Pike
(Chapters I and \I) The premuse of medmtion of reference m the dorsal
grey matter ignores the fact that referred pamn 15 nearly always radicular
and that this type of distribution could hardly be maugurated wathin the
spinal cord where mpulses would undergo diffusion through several cegmental
levels The referred pam that assumes on occastons, a diffuse charcter 18
accounted for by Pike on the basms that mediztion of reference occurs 1 the
darsal root penpheral to its ganglion Thus again places the locus of con ergence
and mediation outside the cord with the actual mediation tccomplished by 2
transfer of 1mpulses or their effects from afferent visceral fibers to afferent
somatic fibers, both types of fibers in the dorsal root Iymg juxtaposed and
without a myeln sheath

. fuller discussion

tSDe:gf‘;l;n? :e"rl;:rc{l)e::;:c found such connections but this dacs not exclude therr eustence
outside the grey matter



CHAPTER \IN
Psvchologie Aspects of Pan

I General Considetauons

Tm PSACHOLOGIC concept of pain 15 comples and difficult to detine 1w
pren e ferms Yot essential that we consider 1t not ony as a buologic
and physiolo,c entity and try to differentiate vanousty locatized types of pamn
but alo that we recognize sts psychologic aspect from the standpomnt of the
physican and the viewpoint of the sufferer

Pam cannot be simply defined because althoughitis found m the realm of
ensation 1t 1s not clearly established whethertisa single speaific sensation ot
whether what we describe as pam 15 a comples of several lnown sensations In
its simplest form pam would seem to be a reaction ta unpleasant  stimuls
Tromitree antmal forms respond by a reflex Among the lower vertebrates the
thalamus 15 a receptor organ for pam In pnimates and in man the lighh de
+eloped thalamic and cortical structures are the regions n whith pam 15 not
only recened but d and lated nto * Cunously
enaugh the thatatus and cartex ke the vest of the bram are them elves tnsen
sittve and serve only as the mstrument through which pain 15 realized

P vanes i type and intenstty 1t has both qualitatne and quantitatine
dumensions % famjuar example 15 the efiect of fncton on a portion of the
shin Gentle friction which may be neutral or pleasurable can readily become
anpleasant ot even exquisitely pamful The change 15 brought about by 2
Quantitative mncrease 1n the stimulus rather than by any change i s nature
The cumulatn 2 effect of the stimui causes a gradual transition from a pleasant
sense of Inction to one of pain The same principle obsenved here in connection
with a tacule stimulus can be seen 1 the case of thermal stmul 16 warmth
can readidy become heat and this m ts cumulatise effect become painful This
Te emphasizes the idea atready cxpressed—that pain 15 closely alied to thermal
tactite and compression sensations Bat 1t t5 more than a physial reaction
Thete 1 alwass an accompany g emotianal component seemingly urpleas-
«mt ¥ Toes unpleasantness or unbearableness 1s <o much part a(athe meture
that oftentimes we gauge pawm by our emotional reaction { emotional com
MENt ) 1o 11 rather than by the merely phyvsical aspects 1e the valume ot
strength oy qualits ete of the stimulus or the phsical response of she orgap

T35 nat 1 thin the srope of this heasssen 1o attempt prease {ry cholopic de)

:::ﬂ‘:x;:‘smud:n:: conscousness sepsation feelino The terms, ..J\.Ld n g\\:ru n‘?:;“:‘l‘
m'::::::::::us:munn or gralification Ut (o) assotated 1 ith pan are syt ects by A

"
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gina pectons the characler of the pan 15 an outstandwog feature Tt seems to
be difierent from ans ather tvpe of pan representimg something distinet and
apart from the physical descrptions of crushing vise bike ete Asa matter of
fact aside from 1ts horrible intensity, the pain s of such a nature that the
suffefer find» no adequate wosds to chafactenzet

Genera cansiderations of the psychology of pan are but the backpround of
Abe problem The more practical and \ndwidual details depend upon the ather
two aspects sduch belong 1 this chapter, namely the physicians ability to
terpret ohyectine and subjectise evidence and the capacity and ability of
the sufferer to feel and expenence pain 1o react to pun to adjust hamsdli 10
the onslaught of pam with all 1ts cuniously related emotional trumas and to
the nhole cy cle of his hie of which puin 1s 3 recurring, feature

11 The ledindual Capaaty To Feel and Expersence Pain and To
React to Pain
Tsychologic as well as physilogic factors are \ital determinants in the 1l
sidual s capacity to feet and expenence pam and to react (o pain Compared
sth thesr role 1n the mechanistm of pasm (p 239) these factors here are fess
clearly defined and almost inseparabilc one from the other The capaeity an the
patternof the reactionare however the result of more than these two factors
Race heredity disposition qualtties of distipline and traming emational en
donrent sex age and perhaps chmatic and atmosphenc conditions are also
fopartant
To disentangle these maatfold wfluences 15 extremely difficult The tash
)::\::\ne:n::wéﬁz lt:u :)lf:"erres\::da\ ;’:ucs of approach an understandiag of the
phssiologic mechanisms that pick up transmut

and register pam and an apprectation of all the
tentiahities for function
that are developed on this bags e

y 1

o1 ted by tmy ele
ments \nfortunately on ail these points our knowledge 1s fragmentars but
we Can at least atvempt a crtical apprasal

Asfar as the problem permits therefor
't We must study pau
Yo i untated and D e

d by the physical apprratus that
custs n the body and (b) secandly s a psychologic teaction by the wdn il

;‘(:‘ch:\::\ce :‘esn:aucn or expenence Sometimes the physwlogic and psycha-
et pp:alr to act simultaneously  sometintes ane precedes the ather
e nhys pp: atus cons? tsof chemical transmitter substances acetyiche-

ssmpathun a rither ntncate synaptic junction system 1 the cord

and a veceptor system i the
€ thalamas and 1n th
stuties in neuraphy swlogy mdicate that rrenents et

nysical asrane
Tatus alone ran account for e o o ot 2P
quality and sntensiy of
b ity of pain Quabty of
:‘ 13::‘ :::“i):::&ﬂﬁwg“}i effect that follass a sunuha(al\wus,shm:;;:;
W bbers each with
P ith 1s oyn physwology
Rers*) Intensity of pam 13 determines) by the rate o‘(‘ :\smnno '\’\:\c: (s‘:f .

up
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1sm A linkage of emotional and physical factors 1s normal, m fact i severe
pun these two factors are scarcely sepirable and engender 1 feeling of revul
ston But that this revulsion (unbearableness) need not be an mtegral part of
pumas proved by the fict that m mald pun it 1s practicrlly noneustent ¥ Pun
therefore, rests lrgely on a physical basis

This physical basis 1s still further exemplified m the case of referred pun
from viscert, the heart for mstance, by the feature of “amphificition’ of pin
It has been suggested that referred pun 1s amplified 1n the synaptic junctional
arer of the spmal cord and perhaps mn the thalamic and cortical regions The
amphficttion m1y be physical and apart from any emotional rection or the
element of shock, 1t 1s perhaps t frequent concomitant i angmal pun Should
the concept of an amplfying mechamsm prove to be valid, it mey contrib
ute to our understanding of how 1t comes to piss thit a compirateels small
lesion 2 thrombus, m what 1s after a1l 2 small vascular channel 1n the cse of
a coronary artery produces such ternfic pun On the other hand, the explana
tton m1y rest upon 1 Jocal ciuse, 1 ¢, 1 speciilized threshold for pan t the
cardine nerve endings, or other factors

The sources of pun m general, are twofold those which result from stinth
thit mpinge on the mtegument of the body and those which ase therr onigin
within the organs or decp tissues The sensation of plewsure nd pam from
the mtegument or envelope of the body 15 1 matter of great interest and con
cern to the psychitnist cspecially m its connotation of generdzed libiido 0d
specrtlized arexs of erotic rewction The problem of intribodily pun may tihe
on 1lmest 1 similar sigmficanee 1, the libidintzation of mternl orpans Tor
the mternist therefore the generl emotional 1spects nins become w importind
field of mntercst The mdnidual with angin1 pectons for example may be
exemplify ing a ibidimzation effect diverted to his hert when he s victimized
by emotronal retctsons which spring from ansiety frustrition gudt or
engendered by inherent or nequired psychologic forces set mnto ction by the
orgnic illness  These emotional reactions according to I'reud 1re connected
with sesunl mstuncts nd deives retasmed m the unconscious ad often phty
an important if not primary role n the total chmeal picture On the other hand
the individual with 1ngin pectoris m1y be concerned chiefly with a realt te
anxiety appropritte to the serious natare of the mahdy (See (hapter N3 for
ps chologie spects 1 sy chosomatic disorders of the heart )

Ihe language 1s prolific m 1djectives that ire commonly used to deseribe
pun s 1s evidence of 1ts manifold 1spects words such 15 horing burning,
piercing  twisting and countless others wdicate the varicties of pun These
terms do not denote differences i degree of mtensity that 1s they re nt
quantitative measures but rather expressions of quilitative virnts In

* The role of the unconscious 15 not included in this conpection
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g3 pectors the character of the pam 1> an outstandimy, feature It seems to
be different from anv other type of pum representing comething 1 tinct and
apart from the physicat descriptians of crushing vise bke ete \s a matter of
fact aside from ats horrible mtep 11y, the patn s of such a nature that the
sufferer inds no adequate words to characienze st

Ceneral considerations of the psvehology of pawn se but the backround of
the problem The more practical and mndridual detads depend upon the other
tx0 aspects which belong i this chapler mamly she physician s ability to
mterpret ohjectne and subjective evilence and the eapatity and abuhty of
the sufferer to feel and experience pawn io Teact to pn to adjust humsell to
the onshau it of pam wath alf its cunoudly rehated emotional travmas and to
the whale cycle of hus hfe of which pain 15 3 recurning feature

If The fndnsdual Capacity To Feel and Expernence Pa and To
React 1o Pais
Psychologic as well as phvsiologic factors are vital determipants in the mdy
wtual s capactty to feel and expenence pam and to react to pain Lnmpared
with therr role 1n the mechanism of pan {p 139) these factors herc are dess,
cleatly defined and simost mseparable one from the other The capsaity ard the
patternof the rexction are honever the result of more than these tho factors
Race beredity o position qualities of disapline and truning ematwonat en
dowment <ex age and perhaps clynatic and atmosphenc condstions are alvo
important
no’?n d:““'ﬂ“?.\e these mamfold influences 1 extsemely difficult The tash
uﬂ““ahz:w::irs to offer 1wo avenues of approach an understanting of the
ot gy ’ac %lmc;uns and phy siotogic mechanisms that pick up 1ransnnt
ot e e[luyu)‘ed and an appreciation of all the potentialities for function
on thy basws suppl by important cle

ments L nfortuaatel
ly on all these ponts our hnowledge 15 fra;
na
%e can at least attempt a crivical appraysal ¥ menan bt

lo:z irz:fr:;’;?km perts therelore we must study pan {2) 35 a phvsio-
€T 1 the bod m:xhal:d and transmutted by the physical apparatus that
ol to the SCHSJ){ m:]“o‘“:) secondly as a psychologic reaction by the mndiid
10.1c elerments o xperience Sametunes the physiologic and psscho.
e phy sica iy f:‘l ﬂ:“ui(m:musbl sometimes one precedes the other
1me and s 1515 of chermeal transnutter substances acetyle
d m:::z:(::x: rathe ntricate synaptic junction system 1n the c::;
Studies 1 ncump‘sw::] - (h:d‘halam“s and n the cortex The mose recent
08 2lone can am:uq‘:w( m0na ¢ that physical arrangements 1 this appa
ity i chietly b e or quality and stensitv of pam Quality of pain 1=
o dfterent 1 pis i agflegizﬁ effect that foliow s a simultancous stimulation
Wizzers) Intensry, of gx: 15 ;Ser:f:e&‘::h e ol phystologic effct
y the rate of action waves set up
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i the nerve endings 1n response to painful stimuli and transmtted along the
same kind of fibers, C and B, to common synaptic connections Although this
mechanism 1s 1mportant, the main factor 1n intensification of pain appears to
be an mcrease in the total number of the same ty pe of fibers, with no alteration
m the veloaity of their electrical waves

Leaving out of account for the moment what transpires i the process of the
deltvery of pam impulses from the central synaptic connections to the thala
mus and to the cortex, 1t 15 clear that in the lower limb of the nenearc, 3¢
from tissues and organs to the spinal cord, there are anatomic and physiologic
determnants of the quality and intensity of pamn, and quabty and intensity
are practical criterna for estimating the individual response to pam

Diligent study 15 being directed to 11l three components of the lower limb of
the nerve arc, nerve endings, axons, and sy paptic connections, but we still fach
information on the norm or standard of the quantitative relationship that
exists between them The number of nerve endings may be subnormal, the
arrangement of the axons not always the same for each person, or in a particu
lar portion of the nervous system ‘The chemical substances elaborated dunng
impulse transmission are not fixed Morcover, we are ignorant of the exact
conditions by which groups of fibers other than C and B" are calfed mto
action and our 1gnorance 15 no less with respect to the arrangement and func
tions of the common synaptic Junctions It 1s therefore not possible to say
whether quality and intensity of pamn are not largely deteranned i this por
tion of the nervous system This ignorance renders 1t difficult too and perhaps
even futile to appraise the influence of the hugher pathways and centers For
con enience, human beings 1n their response to pain haye been roughly divided
Into three groups, normal (average) hyposensitive and hypersensitive These
differences i response are undoubtedly attnbutable to the action of the
hgher as well as the low er centers but 1t may well be that the latter play a far
more significant and mportant role than we have hitherto understood

The pathwy from the central synaptic areas in the spinal cord to the thal
amus and then to the cortex are also shrouded in darkness A few things
however have come to hight All sensations of pamn reach the thalamus and
according to the neurologist many probably go no further Lesions i the thal
amus 1nd 1 the cortex frequently areaccompanied by emotional derangements
T hese parts of the brain not only recetve pamn impulses translatig them into
consciousness, but function to achieve a hind of basal emotional cquiliyrum
These structures are all important stations in the consideration of the mdnad
ual response to pain To the physiologist thalamus and cortex are one nstre
ment with the thalamus capable of affecting, broad and gencral influences ont
emotionality, the cortex finer and preciser controls Both structures are roﬂLC;l
upon as a phystologic umt m a manner similar to the consideration of the di
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fuse rencutar 2ome spreading through the medulla pons mesencephalon and
dencephalon by whach control of physical and chemical bodity processes s
acomplished Unfortunately vers Little 15 hnown of the mterplay of forces
between the thalamus and the cortet but theres Fardly any doubt that emo-
nonal element  as well as the wteligence resding supposedly in the cortex,
hate much to do with the response and reaction 1o pain 10 each case

The hiher centers however and 1 fact the pathwavs that start at the
junctional tissues wn the cord the spino-thalamit tract possibly aba sampa
thetic fibers m the spinal cord as well as extraspinal sympathetic and vagal
Tontes afl pla 3 gnineant patt 1 the fesction process of pam By the reaction
Process we mean the potentialities of function that are dey eloped from ths
POt 1€ Junctional LISSUES DT INLO VETY CONSCIONSHESS This postion of the
cerehrospinal system has to do with €very respon e that neutralizes dimin
shes ot augments the effects of impulses of pam Moreover in these higher
centers restdes the capacity to differentiate pain, to evperience 1ts \arious
tohes a3 here or to use another figure to distinguish vatous binds of pam

through consciousness as ane recognizes the composition of liht that passes
through a prism

Race
It 15 more than probable that different races* vary 1n their emotional re
sponses and especially to pan There 15 .ome mtimation that male Pucblo
Inchans and possibly Eshamos and \egroes also a number of primitis & groups
in various pants of the globe possess esther a higher threshold for pain of are
wncapable of generating hughly emotional states 1 the presence of pam or at
any other time
In ge.eral the proof of snherent hyposensiiveness 1s dificult to ohtamn o
appraise The mference that such a state exists in \egroes 1s based on 1he ex
perience for 1n tance that they often devejop anatomic lesions that RO with
20, 03l patn and angna pectons 1n other races and yet there are in this facy
propottionately few subjectine accounts or objectne obsersations of :m:\n:!
?I::d(PaLlh 1) This mfrequency 15 not entirely accounted for by the unrc
- lrlgmand wnartculateness of many Negroes in g ing medical histonies 1§
" h?’pﬁs e\;:“shqu\d. prore vahd that the Negro who 1s often \ery emotional
oy 1\‘ : i “aulg poiat to a nice and wfteresting distinction betw een
Tndan ey ::;:n :: “gier;::;:r;suon;lm Tihman beheved make § neblo
of sty ce bowever we must consider the factor
s :nda‘:?}l:;:ls : t;:,l:,dn‘;m}’,[“;c and traditon n other words Spattan
the farce of tribal opymion as a deterrent to (he

This term 1s by
ere emplo; heanth
L b groups ployed aot i sence 1t

wtl stcog
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display of signs of pan The power of this force Stefanssont has emphasized
m a similar connection for Athapasha Indians and Eshimos Among these
people, to show suffering 15 to lose prestige

In response to a request for mformation, Mr Desmond Holdridge! was hind
enough to furmsh the followng comments

“I have been among Eskimos, Kjuka bush Negroes m Suriname, Neshopt
Indians in Labrador, and various Indian tribes in tropical South Amenica Vth
Eshimos and Negroes I have noted nothing unusual 1n therr manner of react
ing to pan I have, however, noted agan and agamn among Indians both in
Labrador and in South America, a willingness to endure pamn that on first sight
18 quite remarhable Almost all of the Amazontan tribes have hunting and
puberty ordeals that involve 2 great deal of personal mistreatment that must
be borne without evidences of pam, and as 1 general thing these tests are
passcd successfully But that this apparent msensitnaty 1s due to 1 nervous
peculinnty I can hardly believe Rather I would trace 1t to environment and
upbringing which brings about an attitude of stoicism

As 1n example of the influence of this attitude, I had often noticed that an
Indnn hunting might stand on a nest of 1nts or astride a large colurn of ants
while close to game, and make 1bsolutely no sign of the wtense pan At first
1 was quite admiring, but later T found that when suffictently interested m
hunting myself and accustomed to the Indian example, I was able to do pre
asely the same thing letting ants bite me without disturbance and even get
ting a perserse hind of pleasure from 1t, and I am no stoxc ”’

Hy posensitiveness should not be considered 2 deficiency, 1t 1s rather an
endowment and 15 not to be confounded with stotcism, a state wheremn a prac
ticed self control simulates lack of cipacity for emotional response A mild
subjectn e response 1n these races therefore, calls for special caution 1n angmil
cases The mildness of pain 1s no gauge of the serious import of the malady
and this 1s equally true of the absence of pain

Hy persensitiveness 1s comparatively common n some racial groups It s
of course dangerous and misleading to label an entire people as hypersensiting
or for that matter to endon them with amy special charactenstic, although 1t
would seem that the Latin temperiment and the Semitic groups, Jewish
Arab etc, for example, are more lihely to have their emotions touched off
by pamn It 1s not established that ensironmental rather than nherent cle
ments evoke the reaction

Hrrepity AND Disrosirion

Tmotional response to pun 15 however, governed also by the inhented
mahe up of each ndnidual A patient horn of strong sturdy  emotionally
stable forebears has an adsantage m coping with angina pectons  The emo
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wonal eqifbmum he whents ofted \ save hum self mficted feat and anguish
tat the over apprehensie ndnidual suffers Yor want of a bettes term we
speal. of the inhersted disposition of « human being as placid p\\\cgn;:\l;c
amuble happy or explosine apgressne mascible sullen These band of dis
posItion are bound up with psy chologt traits and especaally 1th introsetsion
of extraversion of nund and spint

There are of course inhenied physical factors upon which the emotions
depend for example hormonal secrebions thebiody that undoubtedhh shate
¢he cauce of (he mannet 1 which an ndnidual 1> prov ohed by pawn and reacts
to1t Inhented and acquired phy sical somatic and emotional of psy chie forces
are terloched and fashion the various hinds of response to pamn

ENVIRONMENT AND TRAINING

The response to pain is subjectn e as well as objectine wehave already com
mented rather extenssely on the objective reactons (Chapter 113 The be
favior of the angmal sufferer m the presence of these objectnne migns wall ofien
depead on bis capactty to control s subjective reaction The obiectine syms
conform to fairly well recognized chinical pictures and are i heeping with the
physical nature of the malady Objectve and subjective features combined
facm the otal expression of the way 1w which any angisal sufferer acts

o elaboratian 15 necessary of the power of the subjective features or emo
tions wthere pamn 1> concerned Tt 15 not the same for every indnidual and
“oadly viened omfferences rest not only on racial and hereditary 1tubutes
to nhick those of sex and age may be added but upon {actors of endironment
ard training

Stoscism and tolerance are elements often esched in the reaction to pam
They are not necessards wherent qualities though 1t must be admitted thay
one cannot draw too fine a lme 1 this respect Stotcsm s a form of disciplined
self control and represents & hund of protectne atmor fashioned by the psyche
oward off the penetration of pawn This 25 Austinct From tolerance of bearable
ness which may be detmed as the equunalent of resern e upon which the indid
wal draws 10 wyhstand Do that mught othensise be annthilating or beyond
“\;: (;:'::1\0 :':1:; ‘::exc ::f (eset; e :s comparable to the allal reserve w the

The capaets be;: ;\e “‘h ;-‘hact as :z:er\mrs m time of urgent need

o manake o n; Zt:rr‘xbuz :of ; :ep?‘: ol 0‘;; st teren beatableness 18 not

03 10 pann Physical mechantm invohed m react
The acquired factors
hoeenty “‘;\\ca\ d\ﬁ:Zn:riT:\':::T:;:r;d ot aate apart from iy
2&2\.\ not be able 1 withstand pam or
e inwnfancy chidhood ang adolescence the preparation for the chal
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lenge that meets the individual during these stages and later 1dult life des elop,
or 1t feast ought to develop, qualities of disaipline and fortitude An environ
mental eustence reasonably adapted to the individual’s potentralities should
produce 1n emotional (quipment adequate to face WHiction and pam with
sound sense, free of ascctic martyrdom or of indulgence and self gratification,
even with calm and equamimity 1n many cases A philosophy that recognizes
the futility and the deep martistry of fighting inexorable biologteal taws and
that accepts the mnevitability of certain problems will s1ve the individual from
wasting his emotional strength This does not 1mply 1n attitude of fatalistic
defeitism

All this 1s not accomplished by exhortation on the part of the physiciin or
by gurding up the loins on the part of the patient A long ntecedent perod
of ehnld and adult traming 15 a prerequisite or, 1 fortunite mstances, a natural
gift of wisdom The practical beaning for the anginal sufferer 15 that all the
supports him 1f the pan 1s not too overwhelming and devastating to prevent
him from replemishing his strength from the wells of his emotional reserves
It cnables him to contrive 1nd develop distractions with which to throw off
or soften pun It colors his outlook on life, safeguarding him from unwise ex
ertion and shirpening, within his own restricted himuts, his indrvidual capacity
for adjusted living during the mtervals free of pun An 1djusted human bemg
should not fear death nor Iive 1n apprehensive wt of death or pun and dur
mng the waiting, process miss his opportumty to live 1n the fullest and best
sense as far as he 1s able The mvalidism of anginal patients 15 by no mens
a time of total Joss for Ining As 1s well known, the ingmal victim who so
often comes 0 close to death learns to apprecitte life and savor its best & ith
moderation and a heener sense of awareness The degree to which this can be
attained 15 however unfortunately governed all too often by the acquisition
of peace of mind that comes from social and cconomic secunity ANl this 15
true not only for anginal sufferers but for many patients afflicted by other
senious forms of organic heart disense

Another tspect of the armamentarium which environment 1nd traming
forge 15 reflected n an attitude of resignation This strange reaction 1> at
times the outgrowth of deep religious feeling 1nd not necessarily an escape
from reality At ats best 1t 15 an indication and expression of emotion] equt
Librium achicved without terror and without frustration and guilt This 1ty
tude 1s an imalutble bylwark against the mental ravages of angmal pamn or
severe distress associated with fear and anviety It 1s hardly to he expected
in younger people who are more likely to be embattered and resentful of
thewr premature meapacitation but m older persons too 1 guieter resignation
15 by no means the rule In fact those with cercbral arteriosclerosis frequently
develop irascibility and an abnormal tendency to struggle aganst the n

evitable
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AnyospreRic AND (1nIATIC CONDITIONS

These are difficult to evaluate Tt 15 Common expenience 1o hear of 3 hghtiag
WP OF HETIIFALION of varous binds of pam dunng mclement weather or
crmates that tat the resources of some diniduals Unfortunately no exact
studies exist on this pownt As nearly as one can 1tell the influence on pam 15
not due to tlectnic tondations of the atmasphete as in bad’ weather storms
etc but rather to excessive vanations 1 humdity

Classificauon of Individuals Wath Respect to Pain

Tawm 1 2 valuable vardstich with whach to measure the emotional and men
tal equipment of most patients The capacity to dufferentiate pam resides in the
hygher bramm centers notably the cortes and pethaps the adjouning subcortical
terntory Humarn consciousness s capable ot only of recognizing pan but aan
differentiate nuances and modahties of pamn By virtve of constousness the

wiltodo andthe will tolne pam may be marroned or deflected or dis-
regasded Distraction disapline trmming bear on this problem as we have
already obserned but the wund 15 also able to develop substitutne reactions
that repel tetam or quabfy pam Al these factors Telare 1o and condition of fix
the individual s capacity for expenencing pamm

The reaction to pam and practically speakng ths alone 1s at present our
ehance for placing al hutnan bemgs o the three groups already mentored
hypercensitive or overactive hyposensitive of underactine and a mddle or
average goup This classibcation 1s but a rough expedient and leaves much
to be de wed

o The Inperser st cte group The first the hypersensitive group comprises
tndividuals who are apprehensne overanvious and whose reaction to pan 1s
ususly evaggerated The pam 1s not wnagined there 15 no question there-

fore of 11> vahdsty but i such mdiduals an uncontrolled magmation may
amuse unw ted phasis The =

only mashed but may d » ot

the scene ! i ns taking a
secondar or even neglected place It 15 surmssed though by no means proved
that the higher brain centers of such patients are hypersensittve that 1s to
Sy tnggerready and overactive when they are touched off The physiologic
::\t;:‘\;::‘ »hch do not g lgher than the spmal centers do niot evohe aan
Compunent since the h gher parts of the brawn concerned with con

S\C‘::;:\Q)S‘s ?n not mvolved The Jower neuron system however has its oun
iy h:\‘e ) Zts[\w;cl\l;\g up and transmithm, pain hut it 4 oot Lnown whether
o o ystem oo may become hypersensitive tn the same w ay as the up

6 The inposensity ¢ z

ro¢p I hyposensinve peopd

Yo Yeople the reverse

o hrtue The upper centers are low and stuggish to act and their oo
At ot negligible The emotional accamy Rt

pamment 15 therefore feeble or
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submerged Since the upper centers are not called upon, the lower pathnays
and centers are probably chiefly responsible for the subnormal reaction 1
general, and for the special pattems of radiation, etc that are encountered
m these subjects This 1s by no means fully estabhshed and indeed the entire
relationship of psychologic to physiologic factors requires much more study

The usual forms of pain mn this group their reference the substitutes and
equivalents for pamn have been studied by Libman He recognuzes types m
general by applying 1 simple test which he devised In his own words ‘i
performing the test, 1t 15 important, after one has exerctsed the control pres
sure upon the mastord process and proceeds to press in the direction of the
styloid process not to also press upon the ramus of the lower jaw There exsts
a naturally sensitive point 1t 1bout the muddle of ats border, and when ths
1s pressed upon, 1n 1ddition to the sensitive point behind 1t, the patient, if at
all sensitiv € to pam, responds more than if the usual point lone 1s exammned ”
The pressure 15 exerted upon 1 branch of the auricularis magnus nerve

According to this suthor the hyposensitive subject whom he recognizes by
this method will not only feel hittle or no pam when afflicted with condttions
that usually produce cardiac or anginal pun but whatever cardiac pam he
has, 1s much more 1pt to exhibit greater radiation he 1s more likely to have
refles symptoms as well as substitutes or equinalents for pan Muld pata ot
absence of pain occurs 1 other groups, but m the hyposensitive patient 1t1s
practically the rule, at least intense pun s not 1 frequent meident The ra
dration 15 on the left side this m1y be looked upon as the same side m which
the lesion exists, or the radiation may be contralteral “Inverse’ radation,
or perhaps better expressed, a reversal of the direction of radiation, 1s consid
ered charactenistic of the hy posensitive state e g, referred angnal pan miy
begin 1n the httle finger or wrist and spread to the pectoral and sternal areas
Turthermore, the hyposensitivc state 1s supposed to be more prore to develop
reflex symptoms in angina pectoris 1n the presence or absence of pamn

It 15 clumed that this group exhibits a greater propensity for developing
substitutes and equnvalents for pam  dyspne3, not 1 usual ferture mn angina
pectoris (apnea mstead) 1s outstanding with pam secondary or completely
supplanted or covered up by the dyspnea \ertigo may tahe the place of pun
or of nauses and vomiting and instead of pun the victim will complain of
heart weakness or profound general weakness or heavy fatipue As 1 rule the
severe local pam of the sensitive wndividual 15 absent Other substitutine
symptoms of anginal pamn of a noncoronary variety are a feeling of pressure
a weight 1n the chest, thermal sensations hurning, or severe cold m the chest
or in radrated areas a sense of constriction n the throat or chest, ora feelng
of fullness 1 the arms forearms et

¢ Between the hypersensitiv e and hy posensitis e groups ase those who when
afilicted with angmal pain exhibit retctions which go to neither exireme
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Thus does not mean that patients m ths group will not suffer {rom gradatons
of paum, but whether mild or ntense the whole pictute of their reaction 15 In
farmony with the degree and duration of the pain experienced They differ
more especally from hvpo ensitive indniduals in that they respond n the
average normal way to Libman s pressure test It 15 possible though for a
pasoxysm of angina pectonss to Seize them and cause little or no pan
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SLCTION St

Psychosomatie Disorders of the Heart

CHAPTER \V
Psvehosomatic Disorders of the Heart

Introducton

COMPRENEND psvchosomate disorders & tuch muobve the heart ot 18
T:tcvsa:\q 1o by ¢ an ynderstanding of ps: chosomatic disorders 1 general
Accordingly 1n this chapter some of the general pnnciples of these conditions
il be dicussed and masmuch as this yolume 1s chuelly concerned with the
ftavior of the HULONOTIC NET OWS SH4LEM 1 telation to Angna pectons and
myocardial miarction the discussion wall center on psychosomatic disorders
whuch may siraulate these conditions The rematks which follow are however
equally relevant to other forms of heart disease

Atibough the 1erm Psy dhosomatic signifies an ever present nterdependence
between psy (hological and somatic factors and thus ymphies that every condt
tion 1 health or disease 15 psychosomatic, 1t 15 nesertheless true that the at
tempts to single out certam couditions and diseases under this designation
have the advantage of alwavs directing attention 10 both factors shen one or
the other mght be 1gnoted These factors not only affect each other but ta-
gether achieve a dynamc equilibtium of the activities of the mind and Lody
ard to a great degree these actn1ties are controlled by the autonomic nervous
system

We shall i this chapter touch ypon certatn aspects of the autonomie ner ous
Svitem even though they have recened rather full attention earhier i this
\olume These aspects conaprise the flexibility of the autonomic dynamic
equdibragm the ™1ss action of the autonomic appiratus as a whole and its
related patterrs of climeal dusorders and disease and the process of referred

Paun Before however consdenng these features we shall briefly review
el relevant psy chological processes

IsscroLoctcar Aseects
m:;m: xm};oxlam element in the pss chogenesis of psy chosomatic disorders 15
_— :s m;]a tension which budlds up in the mdndual The smalt conflicts ang
o m(‘: :;:; wdady ining are usually quickly resob ed but they may be
— mmnsbe ar:d augmented and tind no ready outlet Emotional disturh
st 3 be acute dramatic and violent as i rage or fear or msidious and
Trenean w the form of guit anviety and therefore less obnious

2>
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Emotional Reactions and dulonomic ctuaties

The strony, emotional upheval of excitement or rage, accompanied by 1
multitude of physiologic rexctions cin be relieved just 1s quickly and dramat
teally as 1t cime by utilizing the voluntary or sheletal musculature and the
sensory perceptive system Motor acts brought into ply 1n 1 fight will greatly
decrease and even obliterate emotional tension Che heat of battle over and
wnger cooled, the wutonomre nctivities which tccomprny the emotionnl storm
rapadly return to normal and no emotional residue 1s left behind to stimulate the
autonomic nervous 1pparatus

Trequently, however, the ndividual 1s the victim of slowly piled up conflicts
which lead to emotionnl pressure This pressure 1s kept up by recurrent psychic
stimuh which induce 1 state of yeneral autonomic exaitation Since the physio
logicn] accompaniments of wutonomic by peractivity are themselves mcapable of
relieving tension the subject becomes a victim of emotional and bodilv dis
turbances, these are termed vegetative neuroses Lssential hy pertenston and
chronic hyperchlorhydria are held to be eximples of autonomic or vegetative
neuroses

Lmottonal Reactions and Coniersion Hysteria

In many cases, howeser, an mner or unconscious* urge for relief of the re
taned emotional tension will not down and the patient often resorts to 2 con
version mechanism to obtun relief The mechamsm consists of unconsciously
projecting complunts and symptoms Into \rigus regions or OIgans of the
body T or this purpose he employs the same apprratus 1 ¢, the sheletal mus
culature and sensory perceptine system but since its use 1s partial and meffec
tual the result in terms of relicving tenston, 1s madequate In short although
he secks outer means for expressimg the need to reduce Ius inner tension these
means are w cak substitutes for the vigorous and full acts of the somatic sy stems
Yor example the decp unconscious impulse to secure relief or to protest ot cry
out mny tahe the form of a dysfunction of the larynx or bronchil musculture
or an nbility to walh as mn hystercal paralysis of hmb muscles

Incffectual as these symptoms are they nevertheless represent 1 kind of
mstinctual urgency and are symbolic of this need The sy mbolism attaches to
the process, 1€ modus operaindi by which the symptoms penetrate to 2 par
ticular organ 1nd not to the signs and complamts in terms of the orgun s alved

Attempts have been made to distingwish comversion hystern from ute
nomic (vegetatne) ncuroses on the basis that the former 15 usually free of
autononue 1ctivities, but psychiatrists are well avare that such 1 distinction
15 not 1lways possible To begin with the patient with conversion hysterin may
actually suffer from emotional stress which inugurates rutonomic reactions as

* This word 15 employ ed 1n 1ts psy chodynamic meaning
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1 other subgects Moreover, the psychoneurotic may undergo autonomic ac
mities expressed as phveiclogic reactions n Aarious organs ncluding the one
that 1s the sexprent of the con\ ervion svmptom This hand of svmptom there
fote ma of May not be assocuated with general autonomic hyperactiuty In
any event the conersion symptom although at best an ncomplete ind futile
attempt at rebef rep AN UNCONSCIOUS TEG) 1 and 3 soutce of satis
faction. Abetted by the conviction that a tissue or organas diseased the patient
ghes dramatic import to tus «igns and symptoms and thus procures <ome
measure of gratification

Emotional Beha~tor and Infantile \fechamsm

Ty chosomatie disorders possess a strong etiological basis of regressive or
infantile atttudes and emotional triumas These disorders are 1 1 psychods
nimic emse diorders of wfancy namely they conform chietly to the instine
tual and emotional lite that starts in the pregenital penod and continues mto
dulthood The contentration of the patient s mterest of energies on omatic
featares 15 accompamed by a strong unconscious wish to withhold from view
whntlle emotional motnation and bekavior This appears 1o be the case
persons who bave a disordered physiology 1€ functional disturbance imolung
the awtanomic nen ous system who have organic disease or who through a
personality defect cannot cope with phy sical tliness

Arronome Mas  Action® v PsucuosoMaric DISORDERS
Physiologec Responses
The
- Nm:‘;\!t nervous ap § asaumt te asd all
!‘*muohgm‘:}‘,“mnmmm were <et in motion These representations extend
e
g spwat cord medula pons mesencephalon diencephaton and

T the Mmost part consis

¢ of aggregations of cells  nucles

o with rather
defunnd anatome bound and specibe physiologscat i

ey Some oo

v«houil“‘&"’ "{f less clearly detined anatomucally and distinguished almost

touched )oﬂ :s“ physiologic properties A1t the areas or centers together mas be

\nsmited by :n‘“a bt\ . ﬂt:mfn‘ amal and the effecs of he reactuon are
st number

PoLbRavs (o ai parts of the bm;’\ efferent sympathetic and parasympathetic

Onee 2
—_— ml\ﬂ:f::;gtﬂ:g l;Lzle tsmetby fhightorfhght the autonomic responces
e ol pme ;mouamﬂ tension practically disappears  Autonome
gy e 20 :' 30 24tHNOMIC Mass reaction are however Lrought
pticin e oo T than fnight or anger These responses are kel to be
P i pread and as afteady mentioned are usually withe
fidding the body of emational teqsion goes o
Aller exposstion of thus subject will be found in Chapter I\



256 ANGINA PFCTORIS AND MYOCARDIAL INFARCTION
Emolional Reactions and Anlonomic Activltes

The strong emotional upheaval of excitement or rage, accompameil by a
multitude of physiologic rerctions ean be relieved just s quickly and dramat
teally as 1t came by utihizing the voluntary or sheletal musculature and the
sensory perceptive system Motor acts brought into pliy n 1 fight will greatly
decrease and even obliterate emotional tension The heat of battle over and
anger cooled, the autonomic actnities which accompany the emotional storm
rapudly return to normal and no emotional residue 1s left hehind to stimulate the
autonomic perous apparatus

Irequently, however the mdividual is the victim of slowly piled up confliets
which lead to emotional pressure This pressure 15 hept up by recurrent psychic
stimuli which induce a state of general autonomic exaitation Since the physio
Togical accompainiments of autonamic hy peractivity re themselves mctpable of
relieving tension, the subject becomes a victim of emotional and bodily dis
turbances, these are termed yegetative neuroses Essential hypertension and
chronic hyperchlorhydria are held to be examples of autonomic or vegetatine
neuroses

Emotional Reactions and Conterston Hysteria

In many cases, however, an 1nner or unconscious* urge for relief of the re
tamed emotional tension wall not down and the patient often resorts to a con
version mechanism to obtamn reltef The mechamsm consists of unconsciously
projecting complaints and symptoms into various regions or organs of the
body For this purpose he employs the same apparatus 1e, the sheletal mus
culature 1nd sensory percepti e system, but since its use 1s partial and meffec
tual the result in terms of relieving tension, 1s inadequate In short although
he seeks outer means for expressing the need to reduce hus mner tension these
means are weak substitutes for the vigorous and full acts of the somatic systems
For exxmple the deep unconscious impulse to secure reltef or to protest or ¢ty
out may take the form of a dysfunction of the lary nx or bronchial musculature
or n mability to walk as n hysterical paralysis of imb muscles

Incffectual as these symptoms are they nevertheless represent a kind of
instinctual urgency and are symbolic of this need The symboliam attaches to
the process 1e modus operands, by which the symptoms penetrate to a par
ticular organ and not to the signs \nd complaints in terms of the organ s olved

Attempts have been made to distinguish conversion hysteria from auto
nomic (vegetatne) ncuroses on the basis that the former is usually free of
autonomic activities but psychiatrists are well awtre that such 1 distinction
15 not alnays possible To begin with the patient w 1th conversion hy steria may
actually suffer from emotional stress which maugurates autononnc reactions as

* This word 15 employ ed 1n its psy chody namic meaning
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10 tance The mitial emotional prosocation may range from lethargy 10 extite-
ment and rage or from grief frustration to joy and other emotional expert
ence

Tue Tomc Stale of the Emotions

3 normal human being 15 probably never devord of emotions  Just as the
dvsamie of tome state of the body 15 determined by physwologe and psycho-
logc factors o 100 psychogenic and physiologic elements determine the dy
namic of tome equilibnum of the emotions The body possesses mechanisms
m the phasiloge Tealm which function at fevels that are tngger ready to
react they do not start at zero or at zenith and a simudar provision halds for
the emotions (p +6) Chemicals hormones and other agents partiipate i1
the preservation of the emotional dynatme balance but the chief control de
Aales on the cortex and adjacent subcortical terntory In conjunction with
other areas of the neuraxis they function as a whole to establish an emotional
equitbrium ye 2 tome emotional state

The far tan of the cortes ‘The cerebral cottex (neopatiium) has autonomc
zepresentations of 1ts own but 1t exercises a supervisory inhibitory poer over
the broader and fess discriminatin e functions of the lower archaic brain centers
It posses 5 also an exotatory effect on many actsities of the bram stem
Despite this dual action the cortex in the aggregate holds the activity of the
lower older centers 1n leash and gves thew actisities a finer sharper focus

There s e doubt of the wnteraction betseen cothical processes {wil)
power wtellect disciphine conditiontng) and the deep pseudoaffectsve reactions
hich are demonstrable 1n anmals deprived of cortex and thalamencephalon
® 5) An wteraction al.o evsts betneen cortical processes and emaotional
states s.ach as anger expenenced i full consciousness The cottex is the tepost
tory of highly organwzed pracesses with which in the form of consciousness wall
1:;“; ?S(‘rlmma(lon the wdinidual can shield himself or modify and fend
e cu‘:(;“::leohszﬂughlt The supervisory or restratng fluence of the cortet
Yl egons ::: ;:)na ‘;‘la‘les engendered 1n the cortex nself or in deeper cere
st v elent wed )CT)‘O' afamus particularly 1s very great Were this not the
e touched off by i Glsue reactions without semblance of control would
aacks (D‘l\d\wé,e\n;: pravacation and the tumult and intensity of these
Per and theostay Iara tbc“;'xg 1ﬂ|:“ an for exampie the cortex acingasa dam
ex0luton of shades of moo‘))"ﬂod(‘ﬂlam\c Tegion permits the slow and orderly
12y a0 progresrse nut:m el m$ T(;lxe gradient sotospeal of emotion s
full grown mdx\eldunl de\eks““c;gn) Srupune and bounding The normal
10nal storm TDV; sap ‘hm‘u“ with which to meet the strayn
COrtcalTaculie Thospormtof s oy S, LSS bterally

point of view 13 also supported by expenimental
cat and dog reactions of ynwar

Lyt
dence 0 dower farms. Tt wxample 1n 1he
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The autonomic mass action mnduced by psychic stimul differs n no respect
from that produced by other types of stmult The general and peripheral reac
tions are coordinated and give nise to a clinical picture which mav be mild or
intense, brief or prolonged intermittent, regional or wide flung Under some
conditions as 1n excitement, the adrenergic or sympathetic adrenal actiity 1
to the fore, under other circumstances, as n lethargy approaching sleep, the
cholinergic or parasympathetic influence 1s ascendant and dominant

A large vanety of emotional stimul may disturb the autonomc regulations
and these are registered as central and penipheral effects producing deviation
1n heat or water exchange, metabolism, circulation, respiration, gastromtestinal
and gemtourmmary functions, sweating and pilomotor acts, sleep-waking
rthythm These disturbed activities make up 1 a varnety of combinations, the
chnical patterns of disease Since an autonomic mass action 1s common to them
all, 1t 15 not surprising that varied and unrelated conditions, as for example
cerebral apoplevy acute coronary occlusion, and even food poisoning, may
resemble each other and even defy clinical differentiation This principle 1s
valuable in appraising the nature of cardtic manifestations produced by organic
lesions m other parts of the body

Lmotional Facters

A great many psychosomatic disorders are examples of an exaggerated of
subnormal autonomic activity which has not gone on to produce morphologic
damage Prolonged, marhed, frequently recurrent autonomic disturbances as
alreads mtimated, necd not cause tissue damage Witness the chromc recur
rent condition of neurocirculatory asthenia or ohserve the palpitation essert
tial hypertension or spastic phenomena that recur and endure over years and
yet lead to no structural mjury A chronic or oft repeated state of emotional
tension may however set up morphologic alteration A classic example 1s peptic
ulcer The ulcer or crater 1s the somatic consequence of a stomach under
protracted neurogenic bombardment nstigated by emotional factors The
ulcer does not relieve the emotional tension on the contrary 1t may add to 1t
Nor has the ulcer any connotation of a wish for self punishment or self immola
tion since 1t 1s devoid of any psychodynamic implication of sy mbolic expression
The morphologic destruction 1e the peptic ulcer may however ser¢ as a
useful gauge of the fluctuation of the unrelieved emotional tension or con
flict
"The autonomic disturbances of the body induced by emotional factors are 1n
turn capable of arousing superadded emotional phenomena F'or example fear
may be the onginal precipitating ctuse of a general autonomic reaction but
the associited change in the behavior let us say, of the hert bowel laryny
can cause further fear and anxiety Fear therefore will engender new fear
dernved from the symptoms and complaints 1n the organ v olved the heart for
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Each organ posseses 3 supp'y of afferent sympathene fibers which goes to
a speaific number of dorsal roots and then 10 the substantia gelatnosa 1 the
cord In most indwsduals these hibers converge predormnanthy upon lumated
umber of dorsal Toots 2ad then travel 1o corresponding cord levels Tor ex
ample the preponderance of camvergence and entry of afferent sympathetic
gbers from the heart 15 at the levels of Th [ to 4 on the left side from the gall
$hadderatthecord fen i on the nght side of Th8and 9 perhiaps 7 Thus tather
sharply defined ¢ of afferent visceral fibers accounts
for the past culanity with which asa rule each organ announces aasceral pasm
tto us telated dermatomes

The second set of the dual system of pathnass consists of afferent somatic
fbers which connect each group of dermatomes related 1o a speaiic organ to the
substantiz gelatinoss mn the cord The concentration of somatic and viscersl
asanon it HLers upon common cotd levels mahes possible the selerence of pain
t0m a0 organ mto its related dermatomes For the mediation of cardiac re
ferred pan the afferent somatic fibers travel in the left intercosta) nenves of Th
Y404 for pam referred from the gall bladder the somttic fibers run n the
nht mtercostalnenesof Th 7 8 apd 9

Whae referred pain 10 the greatest number of mstances depends upon the
¢atey of the bulk, of afferent autonomuc fibers from the oryan 1n question into a
banited vuarlbes of cord lenels 1t seems 1o be abo true that multiple accessors
ﬁ’:’:};:;fa:mnx (autonomic) fibers from the organ may reach still other cord
ot d;;“:?:r: a;e outside the zone of concentration and are usually too few
Yo e phs arausr:;nt any appreciable quantity of sensory 1mputses of pan
s e ﬂ:mn er certatn circumstances transmut much or most of the

utasis The existence of these graups enlarges the poten

113 of any viscus f 4 cord s
for bringing o action mans cord segment
: gments which are

Psythosomanc Cardiac Disorders
GENERAL (ONSIDERATIONS
Ttma;

— c)'d\;;:;t;d’\;‘ hy s the heart 20 frequently a target or offender 1n P9 eho-
Shyeced e robably as in the case of the child s gastrointestinal tracy
0 Brenty e mrucd‘« 1th the patents emotians the cardunascular system
ek e é"d]::sd u";e:uly Dife by emotions and the neurogensc des ces by
cotons cular apparatus 15 regulated are alwars responsie to

It bas Yeen
Profle whuch lnctl‘:z‘lmsd that certamn mdrviduals with 1 special personality
¥ytiosomati ;5 ANy constitutional features are mate prane 1o des el
riiac symptoms  This touches on the entire prohlem o‘;
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ranted ferocity re produced when the restraint of the cortex or the mtluence
of the forchran are disturbed or removed

The function of the Iy pothalamus This regton and the adjacent subthalamic
territory are closely related to the regulation of the sleep waking rhy thmand to
certain aspects of lethargy lethargy and somnolence follow damage of this
part of the brain The emotional components of lethtrgy and excitement are
n reality not neutralized but combined and integrated so that either element
sans ascendancy under suitable conditions * In ammals, angry behavior as
well 15 sexual excitement have been cherted by stimulation of the hypothal
amus

REFERRED Parv 1v Psyciososatic DISORDERS

When a patient ts undergong a gencralized (total) or even a lesser degree of
nutonomic mass reaction, the distribution and pattern of referred pain will
often indicate the specific organ responsible for the reaction (p 226) On the
other hand, although i many mstances a psychoneurotic may appear to hae,
in addition to generalized 1utonomic responses referred pam with respect to
his heart or any other organ, 1 careful mvestigition may disclose that the
character of the pain and the absence of contigmty of dermatomic involsement
point Away from referred pun A somatic disturbance or lesion 1s not to be
held responsible for what appears to be but actually 15 not referred pain

It 1s profitable to recall mn this connection that many thoracic and even
lumbar cord levels may participate i the mediation of pan from any single
viscus This accounts for the propagation for mnstance of cardiac pun mto
unrelited 1e noncardiac dermatomes and what 1s even more important to
the student of psychosomatic medicine, expluns the behavior and registration
of noncardmac pain mnto cardiac dermatomes (Chapter AI}

These physiologic and autonemic considerations only serve to emphasize
the practical need of determining whether simulated angnal referred pain
to take but one example originates m 1 noncirdine lesion or 1s evohed solely
by a psychic process The chnical cases cited below (p 256) bear on this sub
ject Tor convenience a brief description of the mechamsm of referred pain 1>
included at this ime even though a fuller account has already been gnen
(Chapter \.III)

Referred pun depends essentially upon the participation of a dual system
of afferent pathways the one somatic the other autonomtc Impulses carnied
by each system conyerge upon common cord levels

* The reader 1s cautioned aganst concluding that the problem of emotional response 1
relation 1o brain structure 1s clear or simple Enough howeyver 1shnown to indicate that emo

tional excitability and angry behuvior as wellas placidity and stolichty hwve their anatomic

n Moreover the experimental results are not the same i all mammals

ral representatiol
cereh ! t the opposite

damage of the forebrain structures grves nsc to angny behavior 1n the cat bu
effect 1n the monhey
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poesses fauly well-distinguished features  Tts ongm distribution and
16,50 hav e been connidered at length n Chapters N1 and NI Cardiac
g pscheseuratic gbjects howeser 15 frequently nonanginal chamacter

Deschosomabic cardin mantfestations may be dus ded into those ohsery ki)

ms ¥ jects with a norma) heart and (2) in subyects v wh a diseased or dh turbed
teart,

Mamfes ahons wn Subjects vtk N o Orgam Ueart Disease®

The newrotic indw dual free of orgamc heast disease but enraged ot greath
exated eshibsts general autonomss mamfestatiors and cardiae features sachas
wpde wregular heart rate and often cardiac pam \beeh is referred If the
wdniduat 15 peurotic 3 victim of anxsets frustration, or guidt the cardiac
mantestations may make up almost s total contern with general autonomic
fem e ouchas weating sabvaton glycosuna insomnia wnwal or ab ent
of the general autonomsc features may be farly v elt marked \either carduac
09r general mamfestations bring emotional relief as 2 rule and they subside
wheg the emotional pressure 15 teduced A por.douscal conthition s fted n
wme pdients the cardiac complaints are dimimshed 1 the presence of 1
creased emotional tension and aggravated when the patient 1s comparin ey
Tree of emntional stram
dﬁ::f:;:m:or”rodageluhl 1e the terronzag realization of impending
Fusthermen x‘t: :02 ADFIN3 PECIONS bf acute myocard;at infarcthion s abseny
bl s cert T l;c ;vr;nploms provde the psychaneurotic with justihica
by hmcnmg\(m: ::d & 0& mmd He feels he has ganed a <obid foundation
0 27 it m:@? ehenmon and what could better zenve this purpose
The senee of airos ‘:r u&agmcd of an organ as vulnerable as the heart
et o 1 8 o (a: ‘os :r:i makes st extremely difficult to separate the
10 the o of ghe h*; o ma“ Symiporms among which pam m the heart or

3 be mort promnent
Sononginal Cordraz Parn

Pa
M\:‘:nu:,:::‘:;: (;: gm‘ Tegon 1 frequently encountered in subjeets who
o (s sease Ttus type of pam seems to fall into four main
e reret 13 m&n ot heart tegion produced by lesions in organ. other
sctom st ‘;:n L\l}n tﬁ;hc heart at heart region cau ed by physiologic re
frtor o hawmomm mass reaction precipitated by severe
5o ors a1 Pam in the beart o heart region mantesied as a cons eysion
! Pam e 25 2 deliberately malingered complamt
o g oy b n;c;l:; h«r:hngnu $roduced by extracardiac lestons This form
ematerme s t]o e heart rezion 13 often transmitied into cardiac
. usially accorpagied by general agtonomsc mamfestation
mm&?::t:;; f:se:n €56 ded on the bass

of th
Card funpranegy ceen. nxuo: matents hatory ghvdical exam
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specificity 1n psychosomatic research * One group of students mamtuns that
emational tenston induced by any cause may affect any part of the autonomic
system, that if the subject 1s already conditioned by a weak or disturbed
organit will beha e as 1 shock organ and rect toany and all emotional provoca
tion Another group contends that autonomic dysfunctions will follow specific
emotional stimuh and supports this premise with the argument that the
phystological responses to different emotional tensions re varied Recent
mvestigators hive urged that the psy chologic bachground of emotional drarrhex
or constipition 1s not the same 15 1n gastric neurosis and that curdiacs are
unlihe 1sthmtics in this respect

That the heart and emotions are closely connected 1s a tradition older prob
ably than recorded history The heart s well as the bowels have long, been
considered repositories of compassion and hindness, wrath and rage Indeed
many viscera have been assocrited with emotional quilities the spleen with
anger, the gillbladder and the biliary system with hostility, the hidney with
aggression The heart however and the entire cardiovascular system eventually
came to be regarded as an actual 1s well as literary and poetic vehicle and
mstigator of emotional reactions, and 1t was noted that the heart could function
1n thus respect w hether it was sound or maimed

Generally looked upon as a vulnerable, delicate organ whose failure may mean
suffering or dissolution, 1t 15 quich to feel its owner’s mood, apprehenston or
anviety , and hlke ail other organs of the body 1t 15 the recipient of tutonomic
actnities induced by the psyche or body I 1ke other organs too 1t appears to
serve as an object for 1 conversion symptom The symptoms in either case may
be focused tlmost wholly n the cardinc apparttus Tinally the heart may, by
the symptoms 1roused 1n 1t aggravate and magnify pre evisting ety and
thus complete a vicious arcle

Cirp1AC PN AND ITS SIMULATION

One of the strongest links 1n the chamn of events which heeps the psycho
neurotic attached to his psychosomntic disorder 1s cardiac pam Many psy
choneurotic subjects tre nlert to the forms and guises that cardiac prn 1ssumes
and are likely to employ this knowledge unconsciously to confound and afarm
physicians nd relrtives This form of motivation 15 not dupliaity or <lculition
as 1n the malingerer The patient furthermore, soon comes to Jook upon s
symptoms, pun 10 particular with a sense of personal possession and he wall
fight for the validity and retention of his complaints and svmptoms even 1 the
face of quthority In all psychogenic disturbances associated with pun tn the
heart ot the heart region angmal prin must be excluded This form of pun s
produced by discase or physiologic disturbance n the cardie apparitus and

* The question of specificity 1 general and Hs beanng on the heart s heyond the scope of
this volume Psichoanaly tic studies indicate that peciticity 1s bound up with deep dynamc

1 Tmerm [artare
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faly well.distingushed features Its ongin dhstnbution  and
f:j&i:\e\s mha\}e been consid red at fengthin Chaptess W1 and \HI Cardiac
pamn ps\ chonewrotic subjects hoseer 15 frequently nonanginal in character
Py ehocomabic cardiae maniestatons s be diwded inta those bseryed (1)
2 1b ects with 2 normal heart and (2) 1 subjects witha diseased or disturbed
beart

Manfestations 1 Swbects with Vo Qrgansc Hearl Disease”

The neurotic indn adual ree of orgooac heast dusease but entaged or greathy
excited exhibits general autenomic mandestabions and cardiae fratures such as
rapnd ot wregular heart Tate and often cardiae pan which 15 referred 11 the
1wl vidual 18 neurotic @ vichim of anwiety, frustration or gult the cardiac
mamfestations may mahe up atmost s total concern wath peneral autonomic
features such 25 sweatng sabwation gWCOSUTA nsomMA Tnmal or absent
or the general autonomic features Toay be fanty weflwashed Newther cardiac
not general marufestations bring emotional relief as 3 rule nd they subswde
when the emotional pressure 15 Teduced A paradoviel condstion 1s noted 1
<ome yatients the eordiat complunts are dimmshed i the presence of 1n

creased emotional tension and aggravated when the patient 1s comparativels
free of emotional strain
of d

Theangrranars ot Codesgefubl 1€ the \ ¥ 4
death charactenstic of angina pectoris or acute my beirdiad snfarction 1 absent
Furtherrmote the cardiac svmptoms provide the psythoneurottc with jushiica
tion 3td & certaw comfort of rund He feels be has gamed a “ohd foundation
for s conplants and apprehension and what could better serve thys prurpose
thaa an affuction seal or wnagmed of an oxgER 2 \ubnerable as the heany
T ense of affirmation often makes 1t extremely difficult to separate the

suhjert feom fus romplamnts and symptoms among which pain n the heatt or
1@ the tegion of the heart may be most prominent

Venangn al Cardsae Pown

m‘:“‘“ 1 e hears or Feart region s frequently encountered in subyects who
© 0 ofgani. heart disease This type of pam Seems to fall wnto foar mam

&4ps {8} pan i the heart ar heavt region prod
o e et g10n produced by lesions m organs othes

he heart or heart region cauced by physiologic
;‘:\";‘\:‘i{ﬂ;::’agenem)z.cd aULINORUE Mmass Teaction pr:c\p{\‘xczl By i\;:e
Sspton :nd (4) pat \z}': tlte hieart or heart regon manested 15 a com ession
N, i> Rs: Ietxber wtely mafingered complaint

hpam i z’:;:’r u'{ tlrar! vegion produced by extracardioc Iesions This form
dermatoms o ur ‘u the heart region 15 often transtmutted nto cardiag

wually ac d by general i
mmﬁ:\n fiseacs swas exclya

o on the bas s of the pavent s hus
o raphic and Buorascepie exammanan © - PN €
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of the same hind and degree observed mn angma pectors or acute my ocardral
mfarction Acute gallbladder disease, acute esophageal hermation, acute pul
monary mfarction (post phlebitic) are examples of such noncardiac lesions
The combimation of a severe autonomic upheaval and pain referred 1nto typical
cardiac dermatomes will naturally arouse the suspicion that the acute episode
15 of organic cardiac nature But if such a susprcion 15 not tenable as, for ex
ample, 1n young subjects with a sound cardiovascular apparatus, the physiczan
may be led to believ e that the attack 1s hysterical The [atter diagnosts how ever
should be considered only when organic disease has been carefully excluded
Examples of the simulation of angmnal pain due to orgamic extracardiac cond
tions will be found in Chapter X1I 1histype of pain can also occur m neurotic
subjects, 1n whom 1t must therefore not be mustaken for a neurotic complaint

2 Paw tn the heart or hearl regron caused by autonomc actiaizes Although it
can not be said with certanty that autonomic activty will produce cardiac
pamn 1n subjects Who have normal coronary vessels and myocardium there 1s
suggestive evidence that tends to support such a possibility For example, 1t
15 recognized that the autonomic mass reaction noted with fright or anger
will hberate undue amounts of adrenalin and that this substance can raise
arterial blood pressure to high levels and thus throw a severe strain on the
heart Theoretically at least such a stramn, accompanted perhaps by a tachy
cardia which results from stimulation of the cardio accelerators might be suf
fictent to upset the autonomic regulation of the normal coronary circulation in &
young subject who possesses a sound cardiovascular system Pounding throb-
bing sensations in the heart, and even cardiac pain are not unknown mn such
subjects after the parenteral injection of fairly large amounts of adrenahin or
after intense emotional stress It 1s however, not yet determined whether
mulder forms of autonomic activity are able to produce similar sensations in the
normal heart

3 Patn w the heart or heart region as a comersion symptom The character of
the pamn and 1ts mode of onset and reference into the mtegument are not
related to exertion or emotional strain The pain 1s transmitted mnto dermatomes
that are 1rregular and bizarre and lack the continuity and well-defined contour
of cardiac dermatomes Such dermatomic patterns indicate that the autonomic
nerves associated with cardiac pamn have not been nvolved and that the pa
tient 15 complaiming of manifestations which have no relation to autonomic
pathways or functions The preoccupation of the patient may be largely or
entirely with fus cardiac pam and 1ts radiation If he possesses accurate Lnow!
edge of the anatomy and physiology of referred cardiac pain he may mimic
angmal pain, refernng 1t nto dermatomes indistmguishable from those as-
sociated with anginal reference This may occur when the patient happens to be
a physician or nurse or even an untutored layman who may have acquired 1n
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formation by alert obsersation of angina) sufferers General or cardnie imnifes-
121005 o} 2WONOIMIC ACLIVILY T3} be present or absent

The following three examples of a cardiac conversion symptom lustrate
the first case {he absence and in the other two cases the aswociation of awto
nomic mamfestations

Carduat comversion sym ptom with buarre dermatomsc seferemie o oMl momis mam)‘ablwrgc

J B amanof 39 had had over a penod of several years recurreat attacks of teml
gan i the heast and m the left precordium  Aftes some of these attacks he suffered Iron;
tightness 1n the chest for days at other times he developed panan the head and a fecling ol
wrakones a0d faintaets. For the greates pazt of his adult | fe he aas depressed fearful and
anxious and found 1t extremely hard to have pleasant relavtons with fus close relatives o
most Lussness colleagues e bad two unsuccesstul marnages 8 son now 13 was bom of the
first marnage The son and the paticnt s parents mere a con 1ant source of dstress even when
Besomuchas thought of meeung them The depression and withdran al bebavioe grew steadily
werse and he cpent a considerable part of fout successtye years in seseral mental inshitntions
uadergoing trestient by in whn metrazol and electne shocl, Mslellacm was(eacturedun fet
metrazl therapn

An woistandin, and recurrent complmnt was waere precosdial pan radiaung oiten into
the left dermatomne area suppled by the Th 1 to 6 nerves The dermatomic reference con
sted of wregular and disconnecred porhons or 1stands of tht shan of the left forearm Pam
was frequently set off by acute emotional distress but oceasionally withe ut discermt e provo~
<tion Orgame heant du,ease and autonomg features such as tachy Cardia vasomotor mam
festations, swesting elevation 1 blood pressure ete were absent \n especialh nteresting
Seature was hus description of the occasional parsdozical onset ot heart pain when he was
spreeatly calm &nd ot under intense emotonal stratn

Thovs tenewed psythotherapy hie 928 eventually able to establish a closer and better rela
Lonsbipwith bus rarents an 1 lusson he extricated humselt from a tormenting frien 1ship with
 giinend  aad though he still retmned obsessional an 3 some halluainatory symptoms hia
groeral adjustment irproved The cardiae manitestations gres less frequent and mi ler

Cardac conersion sympiom assorated wils awtonomic mamifettabons
nd\fh):m:“ 1teligent woman of $3 apparently nat self indulgent the mother of two young
s ten bad mamned a 1br age of 0.4 man of foreign extraction 25 years alder than,
— artly after the marnage she realkized that the husband was emotionally difficult and
e dsu l:l;gn\\ml saterests and famuly background were very different from her own Foco
i ‘moy le’::rx )3::::: frequent artacks of cardiac pun often with radiation up the ster

These 8t3atks neze pearly always assoiated nth masked
wmotor flushes anllan sweanng cold mot ¢ hang s i

ds rapid pulse a fechng of gone ness and
> ;:\:'l::n of chokung She was blived ta spendt ses eral days of necba tn bed and her prostsa
end ‘\“:\':l!\:irb:: these epusodes Her symptoms had been aseribed to metabohe disease
\wnm e and at ane time to acute coronaty occlusion with my ocardiol nfafe
Physical examination

D reve
vessed and p oved to be of

ezled no organic heact disease The Qlushung she descrsbiod was wit
about 1§

a stahing vislaceots Fue involving large areas of the sh.
in R lasted
:I:s;g ‘mlmlm dunng an attack and then gave 'ace ¢33 Tl top per Yhe color
A lx::l bours edems of the shin or throat was pever a feature
‘e delving ta establish that the pattent bad been \T¥I0g 20 do her best to



266 ANGINA PECTORIS AND MYOCARDIAL INPARCTION

keep up her marnage with a man whom she respected but who was still alien 1n mam re
spects and madequate to her emotional and sexual needs She had neither the courage nor the
“conscious wish to protest aloud but protest she did by means of her conversion symptom 1¢

through the heart The attacks of cardinc pam which scemed to simulate anginal pan and
were associated with autonomic reactions became less frequent and less marked when she
succeeded 1n finding work and interests to heep her away from home most of the week

Cardsac comersion symptom assoct1ted wuth autonomic mamfesiations

G S ayoung man of 23 who had had an agitated and storm; childhaod and adolescence
began at the age of 10 to have attacks of severe palpitation and pain in the heart which trav
elled 1nto the left upper arm Practically always these attachs were accompaned by sweating
and clammy hands blushing and a sensation of fecling hot Organic heart disease was ex
cluded

Persistent questioning revealed that the attacks had come on ongmnally when he was 10
years old and passed through severe anviety and panic on discoverng that hus parents were
about to break up the home The parents however remained together for the next 12 vears
but during this peniod the threat of their separating never quite left lum They were finally
divorced when he was 27 but the cardiac and other sy mptoms persisted for two years belore
he was sub d to psychoth Wath psychotheray guidance the basis of hus worry
became clear to him and as his confidence 1n hus onn worth and personality grew stronger ns
symploms became less severe

‘The autonomic mamfestations which probably included the element of pamn were asso-
aated in this case with long continued emotional tenston induced 1n childhood

4 Malwngered and referred heart parn The malingerer has 1 clear, calculated
aim and no mnner load or pressure that requires hfting pain in the heart serves
Ius realistic goal If unshilled or 1gnorant inthe way sof cardiac pain he is ikely
to refer the pamn into dermatomes that are rregular and unorthodox, or his
mnformation and the enswing mimicry may be accurate The malingerer will
seldom exlubit signs of autonomic mass reaction Character defects and antt
social thinking are not mstigators of autonomtc hy peractivity

Cardiac parn and referred cardrac pan as o malngered mamifestation

A 40 year old female L G always in good health developed for a perod of a year ept
sodes of severe pawn 1n the left chest which radiated up the sternum into the left nech and down
the leftarm The attacks were usuaily accompanted by 1 chohing sensation Walking ot climb
ing stairs appeared to bring on the attacks The pain w1s referred accurately along the ulnar
distnbution of the left forearm and according to her descrption ymolved the entire hitle
finger but only the ulnar side of the fourth inger She was very tender to pressure oer the
anterior kft 5th to 7th nbs

Orgamic heart disease was readuly excluded and y et her symptoms persisted de pite strong
reassurance by competent physicaans that she had no hert discase and therefore no ground
for worny After a few interviews it becume evident that the patient was grethy disturbed
over the infidelity of her husband and suffered intensely from jealousy nd anwety which
were more marhed during the three to four nights a weeh she was left alone at home The his

that a much older brother had had attacks of acute coronar occlusion

tory disclosed also O e vecalled too

assocrated with pan and distribution of pain almost identical with her ow
ftarm
that walksng gave her brother patn 1n the heart and i the )
She was an mtelligent straightforward woman and readily admstted that she had hnow
ingly taken on her symptoms to frighten her husband and heep lum from wandering She



PS\CIOSOMATIC DISORDERS OF THE JEART 261

e Yo rove €91 saee oty la ber husband 5 pund about her health and she knew an
dorg e was mot sick and nay amazed that the speoalists had had tomake somany Lestsin
reach the same conclusion She was advised o sy 4o whebee martiage wahuher head 3t Laat
with beart symptoms.

Thssisan example of frec of § Thepa nand i efer
exce accurately Eydowed the loae dstribution she bad witneased 10 torieThon wih hee
broder s earduac sflness

Mamfests tons wn Swbjects wath Cardro-asclar Disease

Tre subgect with argimc heart discase suffers as far as emotions ga from
2 double disadvantage Frootional stunult or stress may afiect the orgame
disen ¢ or b fattes alrendy as.otiated With phvsical and emnpiom suflenng
My gne Tise to emotional reactions Case R J R (p 31) 15 a demonstration
of cuperadded grave heart damage tesmunating n death induced by griek
and examples are frequent of patients with orgamic heart de e ¢ who dexelop
anmets and even pantc at the thought of a recurrent attach. of heart Wne-s

4 sersible awareness of the likeliood of the recurrence or aggravation of
&z drease hould be part of the panent s equipment Y et alihough these dan
gers 10 man)y nstances may be hght and practicalls nonexistent emotional
s urbances acepmp i by cardiac pl w3y be marked This s
vually accounted for by the fuct that the patieat having Ined through the
dreat and angursh of & previous cardsac iiness and atmost touched death, s
@ dnm ed {o react n terms of his expenence nith his sich carthac apparatus
1 msy gake but a nunor event such as a tapid pulse, mild palptation, or a
shott pang oF p 1 am ehe heast semon 1o produce great emotional s\rss' The
1;22‘“‘ dh'hc hysiologeaf events which pany it are quickly provohed
BNy e tbey 2 € 50 to spean close to the heart Furthermore many subjects

orgame hears disease 2 e psychorieurotic and m them the readiness to

Teact emotionally and the eva
grerated mature of the reaction point to 2,
g emationat maladyustment point toan under

, m&;“a:tg:m\ rule emotional sumul 1 pattent, with organic heart disease

P “nxse Udtgxbe of zutonomic hyperactinity even when the cardue ap-

R e::;o‘es ‘:}.o Lerther physiolagic change or mcreased morphologic
steatin

moed et g, «alny A:l m nsemn hl.ood pressuse tuchy cardis

m sleep and

&en feye 3

N(bs: )\;n:"lg:’; c:”:{ !Thfe features of an Autahomic mass seaction te aot
3% autonomic mass ;'5 arganic disease Emotianal stimult may gnve nee
o they may ffect t;:e ct;an ;n dependent ofan custing oranic heant date
el attacks of gn_.z alfeady dymaged carduac apparatus causing, super
tamproducng auganom f;c“" s or acute myocardind nfarction the latter 1
and cardine ‘manes yperactn ity [nerther event the reneral autongmue

lations are
Lo of grganye deease 3pt ta be more marked than m wndnduals,
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Orgamic heart disease associated with coronary sclerosis, hypertension, myo
cardial mfarction 1s often responsible for anginal pamn with reference 1nto well
defined cardiac dermatomes, and this 18 true whether the pain 1s brought on
by exertion or other precipitating elements including emotional strain The
organic cardiac state, on the other hand, may appear to be little affected by
emotional factors and go on to sertous symptoms and death This 1s illustrated
by the case of a comparatively young man who suddenly succumbed to or
gamc heart disease following a period of ten weeks of striking tmproyement of
his emotional stratn and conflicts

Organic heart disease and emotional conflict

S L amanof 45 in good health and a fine athlete complained that for several months he
had had repeated attacks of pain n the left chest transmitted into the left arm The pam
first appeared when he was 36 years old recurred three years later and again about ten weehs
before s termnal iliness ¥e was 2 heavy agaretie smoker drank mfrequent but large
amounts of alcokol and was very vigorous in all kus physical activities Despite the absence
of structural heart disease the pain was looked upon as anginal because the patient was cleatly
not a mal hehadan le cffort synd and his pamn was referred into well
defined cardrac dermatomes

As far back as he could remember he was under the mfluence of 2 strong and gifted older
brother and he recalfed vividly that at the age of stx he was humihated at the protection this
Drother mamfested by separating hum 11 a fight from an oppanent who was getting the worst
aof 1t The patient referred to thts incident manv times Al through hus early youth he expent
enced angursh and self reproach at being a meek male trying to follow in hus brother s foot
steps He had marnied against his will and hus wife s wealth made every thing eass for him but

robbed hm of his manhood even though he was an adequate male sexually He was forever

vacillating between complying, with his brother s and his wife s wishes and strihang out for
himself

He improved rather rapudly under psychotherapy commenced looking aiter his business
affairs methodically and established a quieter and warmer compamonship with his wife and
two children He began 1o enjay what he called the best and happiest day s of hus hfe and was
apparently frec of anxtety and depression About ten wecks after the start of the improve
ment he was suddenly stricken with an acute attack of coronary occluston and myocardal
infarction and died withi a few days The alleviation of his long standing emotional conflict
and strain failed to prevent the terminal acute coronary attach

An ndnidual with organic heart disease 1s also subject to the accurrence
of nonanginal pamn This form of pain will develop by mechanisms practically
identical with those described 1n the nonorganic group Stmulations of cardiac
pain produced by noncardiac lesions are not rare and add difficulty and con
fusion to the problems of diagnosis and therapy Mimicry and malingering of
anginal pain also occur 1n this group of patients The nonangmn 1 forms of pam
are possibly conjured up more readily because the patient retains the memory
of having lived through the reactions and manfestations that accompany
organic heart disease The following case sllustrates the concurrence of anginal
patn due to organic heart disease and of pam which simulated the angnal
type The latter was associated with a psychological mechantsm mantfested

1n early childhood
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Org wic heaet dusease outh amgenal and simi dated eardsac pain
sétymroldmle 4 R sustaned at the age of 60 an acute foron1n ocelusion accom
e by masave beart mwscle wfarction he had matked artenal hvpertension for 15 ycans
presiaush After 3 severe liness of sevéral weeks he became u ehronic nvahd with congestive
Yeart fushure passing throngh three crtical attachs of acute It ventncular faure t roughtvn
by emeyonal prosccation. The physical examination at the age of 64 rev caled 3 heart greatly
erfarged Dotably the left ventnicle the electrocardiogram showed signs of chrome my ocarthal
dmageand esdenceof an.old ntenat wall nfarctian. Frootional excigement often produced
I pam with radation At other times, e<pocially when
balked by bisadult son_he compluined of fraim 1 his heart region that seemed to be hvstencat
Tae at Jeast the latter 30 years of ns adult hie be was a hugh strung aggressne person
determuged 10 succeed 3nd 1n hus own w3y 48 a child and young adofescent he woul{ have
atacksof pun s husheart and have to he down Many of these attacks were prepymtated
B altereations wish s parents fater with his wife oc children and he recalled that even as

ayoun child be was hkely to expenience pamn 1n the heart region when he failal to have his
v

Summary

The autonomic mass action and the radiation of pain nto dermatomes are
wportant elements 1 the study of psy chosomatic disorders

The psy chosomatic disorders related to the heirt may be divided 1nto two
gioups one concerns subjects who have a normal cardiovascular ystem the
ather subyjects with organic heart disease In the former group emotional dis-
turbances wil] produce systemic autonamic mamifestations that are usually
mMand ardiac features which are for the most part subjectis e and promment
The cardiac pat will seldam conform to the pattern of anginal pan and its
detmatamye seference The pamn may serve as 8 cony ersion Symptom of even
ke on fantasy or hallycinatory features or it may be cleverly smulated or

l;?ﬁ k] ]elrul making the diffesentiation (som angnal pam somelimes extzemely
cul

“T::Di:’“i) » ll:l] organic heart disease exhbuts the syme tendency to systemie

-l xespo;:w: as cardiac manifestations These may all conform to the clin

ardac pamts Previously expenenced as the result of the organic discase, or
m3} be superymposed as a d

maudestation wh ch rentams outside the realm and functions of

Nous 1 Sem Emobig

ardiovascular appara;

Of Con\ersy

the autonomie

nal factors can how ever precipitate new damage to the
tys
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SECTION SEAIN

Treatment of Angma Pectoris
and Myocardial Infarction

CHAPTIR NI

General Management and Medical
Treatment

IxTrROpLCTION

chapter 1s dwded mto tao parts The first 1s concerned with the acute
T’:::odts of coronary msuffictency acute myocardial infarction with or
without acute coronary occlusion and the complications and sequelae at the
time of the acute episede ot shortly thereafter The second part deals with the
mtenal state between recurrent episodes and the eventual chronic state of the
patient Tnderstanding the symptoms and signs of each condition mn refation to
the actuvaties of the autonomic nersous apparatus will we believe bring the
medical and surgical therapy mto better focus and give the physician a deeper

1n$1,ht nto the genesis and mechani ms of the clinical features and a sharper
suill with which to treat them

Part I Acute Episodes
A TREATMENT oF AcvTE CoRONARY INSURFICIENCY (ANGINA T ECTORIS)

For most cases of acute coronary msufficiency evenf general sy stemic many
festations ase marked 1t will suffice to put the patient to bed for approumately
aneth remove hum from physical and other influences which favor or preapl
tate an attack admnister some form of sedation and ot less 1mportant
rebuild hus confidence and hope He must be guarded aguinst what 1s for him an
excessive cardiac demand 1n the face of his ympawed ot fired coronary ar
culation and he must be protected from local or sy stemic eawses which damage
theheart This may mean guarding against undue exertion or exposure to co?d
and wind avoiding overweight especially n dubetics apd hvpertensne 1

dniduads interdicting large meals or eating before retinng re-educating the
individual Lo avend wasteful loss of energy or

upsetting hisemotional balan

m fancied or even well founded an. eties Smoking often should be \:ﬂl:::ts\
with finalty The danger of a coronary Teflex from an extracardiac condit;
uch as a diseased gall bladder duodenal o

et or esophagesl hernmty
be removed by treating these conditions Anemiy or hypesthyrouds ::‘ oth ::‘;ld
r

m
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oxysmal tachycardia, any of which may mduce coronary msufficiency, must be
corrected The general autonomic disturbance 1s usually not sev ere and central
effects such as fever, leukocy tosis, etc, are absent or shght

The patient may require first and 2Imost foremost 1mmediate relief of his
pain This 13 best accomplished by grving mtrogly cenn® 0 0003 to 00006 (gr
757 t0 vip) sublingually or orally, the preparation can be repeated frequently
The other nitrite products are not as good Alcohol 1s often an excellent coronary
dilator, 30 to 60 cc (1 to 2 ounces) 1s enough, given “straight” and at frequent
mtenals Papaverine, proposed by Pal*® many years ago and recently raised to
popularity m this country, 1s a good coronary dilator Doses of 006 to 0 24
(gr 1 to 4) three to four times a day are grven by mouth or mtravenously
Nicotnic acid, 50 to 100 mg daily, has been advacated 15 1n effectis e means
of increasing collateral circulation The best recourse 1n many cases 1s morphine
given without delay and i adequate amounts, 0015 to 0030 (gr § to })
This can be followed by a good morphine dersvative or substitute (p 274) For
poor or restless sleep, barbiturates are often helpful carbrital 03 to 06 (gr
5 to 10), nembutal 01 to 0 2 {gr 13 to 3), seconal 01 to 02 (gr 11 to 3), are
good preparations Lxcept for the use of miroglycerin as n acute coronary
msufficency, these directions are also applicable to ~cute myocardial
farction with or without acute coronary occluston

B TREATMENT 01 ACUTE M3OCARDIAL INFARCTION WITII OR WITHOUT ACUTE
CORON 1Ry JCCLUSION

General Consideralions

Although the autonomic mass action associated with acute myocarditl
infarction 1s more vigorous than in the uncomplicated episode of acute coronary
wsufficiency many of the central autonomic manifestations frequently require
no direct or special attention, provided the cardiovascular apparatus holds
1ts own and 1s spared repeated or overwhelming mnjury Thus fever, leuhocy
toss, abnormal sedimentation rate, sleep disturbances and mild or moderate
changes 1n water balance substde or right themselves after the storm of an
attack lets up When, however the cardiovascular features are marked or crt
1cal, 1t becomes imperative to determine whether the myocardium has suf
fered as a result of acute coronary occlusion or whether the injury has been pro
duced by severe hemorrhage, postoperattve shoch etc and 1s unattended by
acute coronary occluston In the latter instance measures such as transfusion
of blood, vigorous antishock therapy, etc are obligatory and can be life saving
whereas such measures may be contrandicated in the former case

In any event, 1t 15 not Wwise to move the patient n the throes of an attach

* Recent studies in the dog have raised the theoretical question may not mitroghcerin
actually merease the work of the heart when this otgan 1 aleeady dimaged? (W egra®) and
thts may apply to other vasodilators such as papaverine
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The victm himself snstinctis ely becomes immotnie and this clue the wtellhigent
physicran recognizes and follows The physican wilt therefore carry out o
speraine ndles mvaedintely $rsy for the tme bewng do not moveor diswb
the pattent and <econd gis e morphine {reely and enough to put tam (o <leep
The ohsennance of these rules may mean the difference betweent Ute and death
for the most pmstabine and taseu) handhing of she patient ta morve o trans
port hum for evena very short distance may be fatalin the case of acute core-
nary occlusion leading to fresh occlusion—extension of the oclusion or Yhe
spreading of heart muscle damage W Whhetdny the morphine 1500 fess danget
ous Violent pain hoch and mentat anguish are pronounced and alt effort
toustbe made to belp the victim survive Thebest and first recour<essto mndute
steep at once and heep the patient undisturbed wiife asteep The morphine 13
abmmsstered hypoderrucally 0015 (gr 1) sometimes with atropine sulphate
00001 (gr vhs) It 15 very important nat 1o wait too long for a next dose
with of withaut atropine ten to fifteen mynutes are enough or the dovble
quantity may be required at the on.et "There are cases that require subcequent
dses trtadmy, 006 (g 1) or more Wathin an howr ot less time After hvng
mrentbeest 003 {gr 3) subsequent dosage may be eflectn e unas ot B0y

Dor000is (gr §) \itroghycenn s sefdom 1 ever of value The panent
sleptaamm covered wuh hght werght woolen blankets especially 1 the cold
sedson of the year the ventrlation of the room suitably adjusted and snors
and alf famuhy member- excluded 1t 1s not necessaty to urge food or water ypon
the pagient unul he has had time to benefit from the morphune The greatest
portof wisdom at thus tage 8 to 4o as httle as possible and st 1ght  haen
the relief of 2 full bladder a full rectum meteonsm are deferred f at all pos
sible untf the pan and shock subside

Henta] State

Althou,h not often the case the mental and emotional aspects of an attacl,
7ot pain mav dominate the scene alf too often they plav 2 neglected but 1m
Pottant past in the eutco™e of Ye ps tent A prunomtory stage or aury
preceds hok or severe pam Mental angush may be very mten.e dur "‘:‘)’
aUtack and po ses charactertstscs that almost seem to be patho; i
Of thss the attending phyvsrcin mast be asare the mament he mey glm;xmmc
tent Morphine 1 given with 0o loss of trme and the suffirer secl !d i an
Lept gu et Belore the drug dulls the ming the patient sl be tay g
certam that death 1s near to overtoke hum s 4 very few minut m;lmcd Y
alert o every play of expression on the Jeatures of those around h:x an:l ‘k‘\;‘ l bXEl

Wil

of s wors
:\nd un(nnhs with whieh the phy sician cordu ¢ hrnself the ;::fs e
gns of apprehension in s manner the Ly Jancy and r:su(ulcnt:s:c\t\ (ﬁr\ ﬁh‘)\c
tth which
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he tahes hold of the case, 1re strong props for the patient Tlus calmng att:
tude helps change the patent from a panic stricken and helpless object to a
willing and cooperative subject and in this state the effect: eness of morphine
15 enhanced

Tollowing the sleep and rest of the first hours the physician will agun have
an opportunity to mstill hope and confidence He 1s now 1n a posttion to em
phasize, in as few words as posssible, that the patient hts passed the violence of
the storm and, to continue the figure of speech, the patient like a ship will need
care and shillful guidance before reaching calm waters After this, generlly
speaking the less the physiciin says by way of bolstering up the courage of the
pattent, the better There are too many unpredictable dangers thead Tt 15
inadvisable therefore to appear too sangume To say nothing and thus avoid
opening up doubts and apprehensions in the mind of the patient 1 good prac
tice

Pawn

The physician may be conscious of the danger of shock and the menice of
heart failure but the mtense pan of acute myocardial mifarction, intensified
perhaps by 2 concurrent acute coronary occlusion, s his immediate concern
Pain ceases appreciably after 1ts early fury but 1t can grow more severe or 1t
can linger sharp and strong for a long time and then stop abruptly or wane
before stopping The pam may recur m waves or spasms, and as mtense of
devastating as the mitial attack I'resh pamn, and as bad as the onginal agony,
may be due to 1 new acute coronary occlusion with infarction ot a fresh mye
cardial area or to extension of the oniginal coronary thrombus, or to percardial
mvoh ement

The best means for subduing the pam, m addition to complete rest, we
morphine and oxygen The rest must be complete 1nd absolute The morphine
should be used liberally, or a morplune substitute codetne sulphate 003 10
006 (gr & to 1), demerol 50 to 100 mg , dilaudid 0 002 to 0 004 (gr 7 t0 1),
pantopon 001 to 002 (gr } to }), papavenne hydrochloride 006 to 0 24 {gr
1to4) Sometimes 1t 1s well to give barbiturates alone or supplemented by
drugs of the morphine group The barbiturttes have advantages over the mor
phine group they produce few if any of the morphine  after effects’ , sleep 15
1ot as heavy the respirations escape the danger of depression  the bowel 1nd
bladder functions are not interfered with and of course habituation 15 less of 2
prablem Thesedrugs 4re however not free of disadv wntages They are sometimes
captirlous wn thewr action leaving  after sleep  symptoms, depression of ex
citement, and are hnown to cause alarming anapht lactic <hock sy mptoms, and
occaswnally when sorely needed fail to bning sleep The following prepiri
tions are 1n general use adalin 06 to 12 (gr 10 to 20), alonal 02> 10 B>
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e 4168 amyl 01 1003 {gr 14 10 43), amytal saduam Q1 €0 03 e
1hto4}) carbrital 031006 {gr 51010) dul01 1003 (r Th 1o A4) nem
bral 011002 gr 1 103), phanodom D1 3002 (gr 1310 Y, secomilOleo
02{r 11103) 3 svery selul product for subcutanedus admnsstration 15
odum lmunal put up 1n stenle ampules the dose 15 01210024 {gr 2t0d)
wery four o 81kt hours Sotoe patients need mild but uminterrupted sedation
for several weels after the acute paroxiem Ths 1 best accomplished with
bromides prensbarbital ot codeme

The prompt subduing of pam helps mimmize shoch and mas even au an
p tnenting reflex coronsty vasoronstricton This constriction probably vamt
1 sture 1 sometimes relieved by atropine @ 0005 100 001 (xx tig to g} gen
every four hours for several doses The admun tration of papaverine as early
asposatble1s ded 10 overcome v tion, and smce according
1o McFachern et at® and Lindner and hatz? the drug appears to have an
antifhnllation effect w dogs 1t mav have swmlay salue in man In the dog
espenmental coronary hgature with acute muocardial mfarction seems to
f3vnr TeMex coronary constriction This chawn of events 1s conduane ta theon
set of ventricular fibridlation (1 eRoy and Smdert¥) A simiar danger probabis
easts mman The occutrence of reflex vagal constiction allepediy exenied on
the stuns o ed portion of the coronary circulation when a coronary vessel 1s
acutely occhuded 15 questioned in some quarters

o time should be lost n gvng oxy gen therapy for the rehef of puin While
the patient 1 still under the ifluence of morphine 3nd as soon as he has been
transported to a bed an otygen tent should be placed over him The usual

quip for 1ent canststs of motor-dris en app ‘The concen
tration of o (en 15 mattainied at 40 to 60 per cent and ta wsute this cancen
1ano1 frequent testing of the atmosphenc content of the tent 15 necessary
the ferperature of the tent s hept at about B F The PAENt Temans m the
tentas many daysas vecessary until the pent of heart fatlureisover It ihetter
ot to remove in prematurely Hat rather to err on the safe side by allos ng
bum to remain there an extra day or 50 The tent must be bited off only s the
prestnce of a physician because of grave danger that the patient may un

expectedhy caflape 1t should be Lept in readiness for an addittonal day or
o 1w case of emergency

Other methods of admunistering oxygen are sotmetimes better tolecated Lut

ate n general less effective The nasal catheter method 13 2,
*ides almost 40 per cent of ovy gen if the cathet, s e ami pro

ers are Properly adgus

nostrids Asarule the patieny develops ur tation ang d‘;ynp:ss :\’n (dh)e ?‘htr\z: \"‘E‘
?‘ :;lo:bx‘mmc drv co\ngt and eventhe frequent sprayings with mid aheslh:\‘\‘c(s

ot permut ws use beyond a comparatisely sh
'y short time Seyeral fac
are n pofular use and n many cases § masks
quite satrfactory Thy
funstenng oxy gen under high pressure dey eloped by l?xe Ln;z:]‘ CS'!:(:SSO»: .
Iy
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possesses ulvantages at least from a physiological point of view, but climcal
information on 1ts use¢ 1n myocardial mfarction 1s not general

All nursing nd this must be of the most shllful order, 15 performed with
the patient n the tent He should be propped up 1t an angle of 30 or 40 degrees,
this lso heeps the tongue from falling back He 1s spared every movement,
however shght, m the beginming flurds are given with 1 medicine dropper o
teispoon

Shock

Ovygen therapy and the rehef of pum are powerful 1gents i combitng
shock In addition, the patient should be kept warm although on this pomt
there has been recent discussion as to whether heeping the patient cool rither
thin warm 1s not 1 better way of treating shoch Cardiac stimulants may be
dangerous ind are perhaps better withheld unless the heart action 15 failing so
rapidly that hittle additional nsk 1s mvolved m active stimulation In the pres
ence of rapudly dexcloping or developed cute heart fulure, caffeine sodum
benzoate 1s mjected 01210 05 (gr 2 to 7}) subcutancously, mtramusculirhy
or even mtravenously The following may also be used adrenaln 1 1000
solution 03 to 1 0 (M 5 to 10) or for slower and more contiuous Wsorption
adrenalin n ol 1075 to 15 cc (15 to 3 mg) subcutancously every four
hours 1n the same dosage, or ephedrine 0 0225 to 0030 (,r J to 1) by mouth
these products are to be given with great caution in the crrdiac states under
considerition The mtrivenous use of ouabun or strophmthm digitalis or
amnophy Iin may bedramatically hfe saving T or thesakeof cony enience these
three drugs re discussed rather fully at this juncture

Dugtalts The adminstration of digitalis bodies m1y be very effectne when
the circulation 1s fuling Acute heart faillure under almost il circumstances,
15 2 prime indication for digitalis the cardiac rhy thm 1s not necessanly 1 deter
minant 7 If ime permits 1t 15 best to 1 ¢ the drug by mouth 1nd not too rapidly,
n duided doses wathin 12 to 24 hours or when haste 15 essentral 15 2 full
imtial dose

A number of dry leaf products prepared by relrable pharmaceutical hirms
are good for oral use It 1s not necessaty to adhere to the method of cat umt
dosage Preparations re admimstered at the rate of about 001 (gr %) of
dry drug per pound of body weight A man weighing 150 pounds will thercefore
recen e tbout 223 gruns Slowing, of the ventnicular rate to within the norma!
ran.e 1s 2 sign that digitthzation has been accomplished  The muntenance
dose 15> gr 1 to 2of dry substance Dhgitaline (Natnvelle) the onginal digitoxin
a pure cnystallme product well known on the continent for many decades has
been brought mnto popular use m this country through the studses of Cold and
his associates ¥ Raptd digitahzation 15 achteved by giving 1 2 mg s onc dose

or 1n two or three dnrled doses 1t about three hour intervals the mamtenance
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dose s between 0 1 2pd 02 m,, datly The drug s completely absorbed has 3
rapud action and 1s practscatly free of untos and pastoe effects Dhanalis 1
toveation with 1t may be insidsous and rather severe

The snteasenous use of digutalis bodies s an excellent procedure In many cases
Good preparations are avalable With diguojn (Liba) full digtalzation 18
wndured by 6 c¢ Per 100 pounds of bady werht gven perhaps i teo or three
doses at two to four hour mtervals 1n & cardiac emergency, 4 cc may be mtso-
duced Digitalization 18 reached with about 6 1o & cc of ceddamd lanatosule
€ {Sondoz) asa smgle dose or divided over 1210 2 hours

The nteavenous use of calcum-containing preparations 1s best ormitted while
the patient 15 taking igitabis The possible synergistic action bf the drugs 13
not fully proved but cases of sudden death have been reported fsom ntra
venous mection of caleum salts mn drgtalized patients The combined use of
ephedrine and digitalis 1 supposed to be more tovic than when either substance
pusedsingly Ephednine is therefore to be used very cautiously m shgitahized
subjects A cautton about the use of quinidine with digatahis appears to be un
duly stressed

Towic effects of dsgnalis should be avorded disturbances in cardiac rhy thm
loss of appetite nausen and vomiting headache fatigue and drowsuness,
disturbances in vision and shin rashes etc A disadvantage recently described
 the use of digitalss or allied preparations 15 theit propensity to shorten the
coagelation tyme and thus produce thrombus formation

Ougbain The adminstration of ouabash or strophanthin 1s extremely valu
ab%and somettmes the first choice 1 he benefictal effect 1s obtamed in minutes
tather than m hours Oral administration 1 of hitle value ntravenous 1
Jection hughly effective The imtial dose should be small at the very most 05
mg more usually 025 mg or half this amount A dose of 01 mg may be
fepeated enery hour but not more than 1 mg of the glyconidess tobhe given in
23hours 1t 15 sometunes preferable to distrib mevenly
dnded doses spaced at 4 10 6 hour mterval At the end of the emergency
Ot may last ses eral days) digitahis is resorted to and mamtained Although 1t
l;uad\ 1sable to wathhold these drugs until the patient 15 rid of digptalis bod,

owang two weeks at least for this purpoce cusbaw and strophanthin have
been gven with good results by expenencedd observers o patients who stilt
had dsgiealis M on ouabain strophanthin have heen wsblished Wy

the smgle mul)

Fraenkel ' hasch ™*
1 phyilie The mt use of b wh
T en heart fadur
element 1n the shock has a sound physiologrc hasis (Hosartheral 'y gy xsc oo
very slowly and with full realization that sudden evtus has been asmbig]cln
o
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may be replaced by rectal admmstration (p 285) Oril products have not
been satisfactory Recently, glytheonate (p 285) has been recommended for
this purpose

A useful procedure 1n some cases 1s the application of 2 tourmiquet aroundeach
lhimb close to the torso The tourniquets are removed slowly and one at 1 time
as soon as the feeble pulse grows stronger, withm five to ten mmutes m am
event, and reapplied 1f necessary Intravenous mjection of saline or glucose
solutions and other products 1s best asoided 1f the heart 1s struggling against
imminent failure

Cardiotascular Mansfestations

These are always of primary sigmficance During the acute attach the mam
festations may be mild or severe, and this 15 usually conditioned by the force
of the genera]l autonomic upheaval and the character of the mnjury sustained
by the cardiovascular sy stem

Cardiac rrhvihmias Cardac irregularnities are not unusual They can come
at once or early 1n the acute attack or appear mn the early dys thereafter or
even later Their management and treitment require shill and evperience
Cardiac irregularities are produced by central tutonomue effects or by changes
n the peripheral cardiac mnervations or by morphologic change m cardic
prce maker areas or the mtracardiac conduction system

Parovysmal turtcular Tackycardia Although m many circumstances of no
sr1ve 1mport and often ending abruptly and spontaneously, thts complication
may be the precursor of auricular fibrllation, especially 1n the presence of acute
nfarction of heart muscle It 1s likely to yield spontancously or upen carotid
wnus pressure or pressureoy er the ey eball, or the induction of nause and retch
ng Mecholin used guardedly 1s useful about 25 and up to 40 mg given sub
utaneously depending on the age of the patient 1t 15 never to be used mntra
.enously oral use (S0 to 100 mg ) 1s not very effectne

Parovysmal Anricular Fibrillaiion This a serious complication, may dis

ppear spontaneously within a few hours or days If it persists, it requures
ttention without delay Digitalis and quinidine are the dicated remedies
some cardiologists favor one drug as agawnst the other, or prefer the prior use
f one to the ather We feel there 1s no fast rule and no practical contra
ndication to utilize one drug before the other Digitalization must be carried
ut with reasonable dispatch admunistering enough to come close to slowing the
entricles, digitalization 1s maintamed by 2 suitable daily amount

Quimdmne may be required after digitahzation proves of no avad or quim

line mav be the drug of first choice Quinidine sulphite 006 to 0 12 (gr 1to2)
s grven for two or three doses about 4 hours apart and if no untow ard effect
nsues, the drug 18 pushed more rapidly and in larger quintics 012to01b
gr 2to3) every three or two hours About 18 to 24 (gr 30 to-10)1s given the
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wist day double thy amount the follonmg day 36 to S {gr ) to S0} o‘:
more the nest day and then perhaps tapered off Wehave had to ginve as muc!
2506 (gr 10) every hour for exghieen ot tnenly consecutn € dotes \o ‘:s\tre
s thythm There sre towe dangers ta beat i mnd smblyopn  evereshin
fashes (purpura) depressive mental states ete , and 1ts employment 15 contra
indicated 1n renal disease thrombus formation m the heart and if strong <ensy
bility to the drug txsts The prophylactic vatue. of quimdine 18 not estably hed
Certler and Yohatem® have used atabrine as 2 substitute for quimdine to
arpest anneslar Sbrflation and suprasentneular tachy candia Normal thithm
was prompty restored by a single dose ok 06 Gm m 10 ¢ of 1 per cent pova
cane admunstered. ntramusculadly and almost immediately by 01 Cm

gnenntrasenously The drug 1snotin generaluseand its usefulnessand contra
ndieation not yet established Tts ind:

e use 1s
Pacarsysmal {uricular Flutter The tendency 10 spontaneous recovery and the
tndications for treatment are the same as for fibnllaton Dimtalization should
not be prolonged for fear of mnducing a permanent state of suncular fib Maton
Rut thss 15 2 munor problem auncylar fbrilation 1 aless harmiyl condition for
the heart than uncontralled and rapid Butter The flutter 15 sometimes stopped
abmuptly by exerting uniateral firm manual pressure over the vagus trunk i the
nech o over the carotid simus o upon an eveball The mduction of nausea and
retchig occasionatly has a sunilar effect
Paroxysmal V entricular Exfrasystoles These are seen alter acyte myocardial
wfatcuon They should not be taken hghtly because thes canbe the forerunner
of ventricular fbnifation Quinidime given early 15 effectne Ttis admimstered
as already described (p 2i8) A preventive dose of 0060 02 (gr 110 3) 15
suppostd 1o be beneficial
Paroxysmal Ventriculsr Tachycardia This infrequent coraplicrtion ¢aTTIeS.
with st the danger of heart falure The prompt admmstration of quintdine 15
sotnetr-ies life-saving m warding off ventncular fbrillation and almost certain
death arge doses may be necessary evenasmuchas06tol 2 (gr 18 to 20}
every one to two hours smaller amounts are often effectsse The danger of
excessive dosage vsa. econdary consideration in this emergency
x“li::i 1:::6:: ‘i'::‘s ::; g‘l:; ; ::n::llmimn when the heart 1 acutely dama, ged
hours or davs mdicating that nxc s oy dsappencing wiibin a s
permanent myury was sustained to the A V'
tisues no special therapy 15 necessary The heagt bloch seen 1 chronie m o
cardal disease after coronary occluston and almost alw 235 assocated y
Stokes-Adans episodes (Callavardin® snd Schmartz®) vt s g o
wance Schwartz® Schwartz and Jeger on mally described tno Hc:‘ sn
standstdl of the ventricles and ventncylar fibrilation They cl et s
ik there was hope of nghung the thythm of the heart he)’ lh:‘;:z(; \:\t sm\df
use
epinephrine hydrochlonde (1 10 1000 3queoys Solution) 93 to | cc (\I;‘ 1o l;)
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may be replaced by rectal admumstration (p 285) Oral products have not
been satisfactory Recently, gly theonate (p 285) has been recommended for
this purpose

A useful procedure m some cases 1s the apphcation of a tourniquet aroundeach
imb close to the torso The tourmquets are removed slowly and one at a tme
as soon as the feeble pulse grows stronger, within five to ten mimutes m am
event, and reapplied 1f necessary Intravenous injection of saline or glucose
solutions and other products 1s best avorded if the heart 15 strugeling agamnst
mnminent failure

Cardtoraseular Manifestations

These are always of pimary sigmficance Durmg the acute attach the mam
festations may be mild or severe and this 1s usually conditioned by the force
of the general autonomic upheaval and the character of the mjury <ustamed
by the cardiovascular system

Cardiac Arrinthmias Cardiac irregulanities are not unusual They can come
at once or early n the acute attack or appear m the early days thereafter or
even later Thewr management and treatment require shill and expertence
Cardiac rregulanties are produced by central autonomic effects or by changes
n the penpheral cardiac mnenvations or by morphologic change i cardiac
pace maker areas or the intricardiac conduction system

Parovysmal Auricular Tachycardia Although m many arcumstances of no
grave import and often ending abruptly and spontaneously this comphcation
may be the precursor of aunicular ibrillation especially m the presence of acute
wfarction of heart muscle It 15 likely to yield spontaneously or upon carotid
sinus pressure or pressureon er the eyeball or the mduction of nause1 and retch
ing Mecholin used guardedly 15 useful about 25 and up to 40 mg gren sub
cutaneously depending on the age of the patient 1t 1s never to be used mtra
venously oral use (30 to 100 mg ) 1s not veny effectine

Parovysmal Auricular Fibrillation This a senous comphication may dis
appear spontaneously withm a few hours or days If it persmsts, 1t requires
attention without delay Digitalis and quimdine are the indicated remedies
Some cardiologists fas or one drug as against the other or prefer the prior use
of one to the other We feel there 1s no fast rule and no practical contra
indication to utilize one drug before the other Digitahzation must be carned

out with reasonable dispatch admustering enough to come close to slowng the
ble daily amount

ventricles lization 15 ma dby a

Quimdine may be required after digitalization proves of no avail or quim
dine may be the drug of first choice Quumdine sulphate 00600 12(gr 110 2}
1s grven for two or three doses about 4 hours apart and 1f no untoward effect
ensues, the drug 1s pushed more rapidly and m larger quanties 012 to 01s
(gr 2too) every threcortwo hours About 1 Sto 24 (gr 10 to40) 15 given the
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vasodif tors other thar mutrogly centn has wide acceptance and papaserine and
anniophs liine are widels employ ed

Spassc Phenomers Some indwaduals deyelop spasm of blood vessels other
than the coronary vessels before the onset of a frank anginal ceszure or spactic
¢han e« mtermittent claudications may follow an anginal attach and the
Ltter mdeed 15 somettones considered a coramary locihization of a general
spastic doorder The occurrence of mntermittent claudication 1n the himbe
raseular etisty in the brawn abdomen, pelvis should put ene on guard that the
Coronary sessels may be simlarly seized Clandications sn any part of the body
2re good re3son for continwing general trextment of the patent when 1t would
otherwr.ehave been stopped For these spastic reactions afl active and passine
exetion should be reduced and exposure to severe meteorological change
“orded Atropine 00001 to 00006 (gr s to ris) may be Dreschibed or
dther antispasmodic belladenal0 1 t00 2 (gr 13 t03) 3 tod ttmesdaily syntro-
PR011602 (gr 1} to 3) or trasentine 04> to 0 15 (gr 102 even dto
6h0urs Papas ertne 06 o0 23 {gr 1 to ) gnens<everal tmesa day 15 3 Bood
nlispa modic and w hchey alone or combined with these drugs 1s helpfyl

Constnictions may also attack noncardiovascular structures te the bron
chy] Iatvngeal or pharyngeal musculatuze or the muscles of the eprzastne
Fgon Sensations of severe constriction can be expenienced 10 any of these
TS and for them except P rhaps 1 the case of bronchul <pasm nitro-
Ehcenn 00003 to 0 0006 (8¢ by to 1) 15 as strkinghs helpful as 1 many
mstances of blood + escel spasm The drug is grven as a tablet or m fluid form
be necessaridy be admunistered under the tongue The same dose may
hn::ﬁ:tﬁnwnbm a fex mmutes and even repeated again The evistence of
18 hot a contraindicition The tablet form of the drug must be

Tresh rtaeilty eep i securely stopped to exclude arr Amylniteite 0 2 cc 1snot as
300d 3 remed)

nomlhsmndmg the coronary nature

Cordierascutay (. omplications

tems especral)
> 1 bvpertensie
« Eeneral anapen Pauents i «
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mtrimuscularly or even ntrivenously, repeating the dose every few hours and
cantiung st after restoration to normal sinus rhythm as a preventne The
other mechanism associated with heart block 1s v entricular fibrillation and with
this complication most cases termnate fatally within @ few seconds or mnutes
However, there are patients who Iiv ¢ through numerous episodes of ventricular
fibrllation within the day and the might (Schwartz), and for them epmephnine
15 contrundicited  Schwrtz has now come to believe that the classification of
Stohes Adams disease based on the two mechanisms he described may have to
be modified

In ventriculir standstill, ephedrine sulfate and barum chlonde have been
recommended The dose of ephedrine suliate 15 00225 to 0030 (gr § to 3,1t
15 not as effectin ¢ s epmephrime Barum chloride 1s 1dmstered three or four
times 2 d1y 1 amounts of 0015 to 0 03 (gr £ to '), the drug has no placens a
proplnnctic measure There 1s theoretictl ground for withholding quintdime
m Stokes \dams attacks becruse expertmentally 1¢ tends to f1yor the onset of
ventriculr fibnllation

Blood Pressure Changes The Jow blood pressure which accompames scute
myocardinl infarction 15 treated by the measures alrendy described for the
support of the circulation (p 276) A steady and maintamed rise i blood pres
sure usually parallels the improvement 1n general condition Persistent low
blood pressure, especially of the dristolic level, 50 mm Hg or less (1ssuming
that aortic nsufficiency 1s not a factor) 1s very serious In some specnil
arcumstances 1nd with due recognition of the hazard to the damaged heart
smal doses of ephedrine by mouth every three or four hours or subcutaneously
1n 10 1queous or o1l yehicle are worth using, epinephrine in o1l may 1lso be used
Since the heart may be too severely mumed to tolerate sudden and forceful
actnaty, sumulition therapy, as with caffene, should be employ ed with great
arcumspection Digitalis is of doubtfur value though there are some authotities
who recommend 1t m regular small tomc’ doses Cortinor other adrenal cortex
preparations such as desoxy corticosterone v e been adv ocated, but their value
n this conthtion 1s not established Large of st s ree ded for
hy potension nd asthenra 1 Addison s disease 1s seldom adv1sablesince conges
trve heart fardure m1y prove to be 1 latent or even full blown complicition
The application of tourmquets mentioned in connection with the treatment of
shock 1s not mdicated m states of by potension that last daysor weehs

A sudden violent leap m blood pressure to 200 mm Hg systolic or more
seen m a comparatively limited number of cases with the onset of wn attach
calls for no special treatment  The blood pressure will generally drop within a
few minutes to 1ts presious level or close to 1t This abrupt clevation i blood
pressure 15 not too rare n an angnl Mtack in hypertensive mdum‘ml;f
Acute hypertension 1s infrequent 1n acute myocardnl infarction The use o
vasodilators such as nitroglycerin etc 1s seldom effective 1 acute heart mf
farction especiilly if complicited by acute coronary occlusion The use o
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for several davs esen shen the drug has been withdrann The supers ention of
Bleedung tendency or of 2 markedhy low ered prothrombin level calls fat the
prompt wse of blood transfusion and Vitamun K The synlhsllc procduct of
vitam K (menadione) 1s hughhy recommended and 60 to 70 mg are ad
mini tered and repeated as required Allen'=? claums that the guide for the use of
dicumarol 15 not the prothrombin time but rather the prothrombua level e
the percentage of the normal He feels that the prothrombnn time mas change
beezu £ of vanation m potency of thromboplasting

Heparin and dscurarol are often used simultaneously T'or adults ~0 mg of
hepann are gnen mtravenoushy every 4 hours dusing 36 to 48 hours With
the first dose of hepanin 300 mg of dicumarol are given by mouth and on the
following day reduced to 200 mg Thereafter 1t may be cufficient to rely on b
cumarolalone gning 2bout 200 mg a dav ar less according, to the prothrombin
level A recent and full report on the use of these drugs in acute coronan occlu
s10n has been published by Wnght et al

C Dications to the use of anticoagulants are hlood dyscrasias bleeding
tendencies gastnic or duodenal ulcer adsanced hher or renal disease postopes
atie states e pectally after bram surgery A point worth remembering 1s that
dicumarol makes the sedimentation test less dependable

) teute Perscardiis This complication 15 noted 1n those forms of acute
myotardal smfarction which imvole the penicardial surface of the heart It s
I most € ¢s 3 comparatnely eatly complicatton and far more apt ta accur
with acute coronary occluston where the injury to the heart extends to the pery
@rdil iming Special treatment 1s seldom required An 1ce bag apphied locally
=nd sedation for pawn are helpfu) Turmng from side to side may cause pam
and should be avorded The best therapy for this complication s careful atten
tion to the underly ing my ocardial damage
lhgloR;M (¥ agal) Coronary Constriction Although the p oblem of whether
oy ;en:;\d ‘siiels ;;1 man ::ic!uall) undergo constriction 1s far from <ettled
gl)ceim s ust?) considerable evidence pownts m 1his drrection \itro

given at once under the tongue 00005 (gr ds) (b 2¢2) and re

Peated f coronary spasm 1ssuspected Other preparations are papas erine &
1103 ever) imesa day atropime 00004 to 00006 @r vi5 to tdg) and
the frequent use of smalt amounts of whishey Atropine 15 gnen e,"‘:ﬂ n
Mouth or sabcutaneously limiting the tatal dase . v ety four hours to about

3m, if tolerated The drug i smaller amounts may be repeated over seyeral
daysasa preventnemeasure For cantrsction thay recurs frequently or a te

tobe miractable amnophyln may bring relef Iy 18 given intr: ppears
and repeated every 6 to § houts as required 1115 sometimes of ad o

continue the aminophillin several days Jonger than the atro, advantage to
Pan from reflex coronary constriction 1s stubbomn or if br hmm ! angnal
o1 of the Cheyne Stohes ty pe or if €Vanosis persist: aiing 1 sregulag

s The efficacy of quiniding
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(1) Exiension of an acute myocardial damage (2) the superrention of o fresh
wifarclion, and (3) acute pulmonary embolization require anticoagulant therapy
m addition to the other measures already considered for each of the complica
tions These complications are far from neglgible, acute pulmonary emboliza
tion, for example, as a cause of death 1n acute my ocardial infarction 1s about
10 per cent, according to Woods and Barnes ¥ The anticoagulants are widely
used and although indications and methods for employment are not finally
established, the drugs appear to havea valuable place in theripy

The drugs are also indicated when venous clots 1n limbs or other locations
are hikely to become dislodged and threaten to embohze i the lungs or other
organs Confinement to bed enhances this danger, the bednidden patient with
acute myocardial njury may be in greater jeopardy from embol loosened
from his peripheral veins than from intracardiac thrombi Ligating the veins
in the grom may be necessary and can be life saving Anticoagulants should be
mstituted without delay but very cautiously

The two anticoagulants employed are heparin and dicumarol (Allen et al =
Loewe ) Hepann acts more promptly, the effect does not endure and can be
stopped quickly About 50 to 100 mg of heparin solution are admimstered n
travenously, undiluted, every 4 to 6 hours for one or two days, 1t 1s as a rule not
necessary to give more than 250 to 300 mg a day The mtervals between in
jections can be adjusted to this schedule The drug may also be admunstered 1n
salme solution A 10 cc vial of hepann containing 10 mg 15 added to each 500
cc of saline and introduced intravenously, at the outset at a continuous nfuston
rate of about 2 cc (30 drops) 2 minute Again, the total daily dose seldom need
exceed 300 mg Frequent observation and care are required to avoid varnations
1n the rate of flow which can occur with vanations in the position of the arm or
when the apparatus 1s at fault Tor use deep m the subcutaneous tissues 200
to 400 mg 1n Pithin menstruum as recommended by Loewe may be given
every 48 hours, or a heparin product called Liquaemin {(Roche) may be used
subcutaneously The clotting time 15 checked frequently, 1t should be at 15
munutes and not over 2> Should hemorrhage occur heparn 1s promptly dis
continued, if the hemorrhage 1s severe, whole blood should be admmnstered
wathout delay

Dicumarol 1s given by mouth, 1t acts more slowly the effect 1s more lasting
and 1s easter to control than heparin After determining the prothrombin time
beforehand 300 mg 1s given The prothrombin level of whole plasma 1s tested
frequently onceadayatleast The normal prothrombin timeis 12 to 14 seconds
1t should be kept, under dicumarol treatment at 25 to 30 seconds The drug 1s
stopped at once 1f the prothrombin time 1s over 30 seconds or the drug 1s 1¢
duced and daily amounts kept to 50 to 100 mg 1f the prothrombin time 15 less
than 25 seconds It should never be given unless the prothrombin time 1 Lnonr;
and carefully followed When large amounts of dicumarol are given oversevera

daysand then completely stopped, the prothrombin time may remun prolonged
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same when they occur wath cardiac arrhy thmias or heart failure as 10 acute
yoardal wharction Giddiness o lightness of the head however, are not
svavs manfestations of cueulatory disturbance other causes should therefore
be exduded and smohing prohibited Batbiturate and merphine preparations
may aoeravate the sumptoms Rigorous restriction of sodum n the diet
somebmes afleviates them
Resprratory Difficuliies The sabalation of oxygen sedation and respiratory
strmulants are the measures mhicated 1f morphtne 1> emploved depression of
the respiratory centers must be avorded The drugs mvaluable of pulmonan
edema 15 threatening or established Reeping the throat and nasal passages
deat and the use of a back rest help the breathing The treatment for respira
tory dusterbiances due to cardiac fadure conssts largely of bninging awd to a
falling circulation ammophy lfin and digitahs sometimes caffemne parenter
ally adminsstered are excellent Coramine s 3 respiraton stmulant gnen
one ot combimed with ammophy i intravenously or ttratuscatark 1 valu
able the dose of coramine 15 1 5 cc repeated evers 1 or 2 hours as required An
oral preparation of coramtne. 35 avatlable the dose s L to 3cc (M 1 o 43)
every fen hours The libetal use of amnophy s by vein despute a certamnde
gree of danger which attaches to this route of admimstration can bringstnhing,
benefit It should be gnen rather freely 10 cc contaming 0 24 (gr 4) of the
dru,, every eyght hours or oftener and the mterial mereased as the patwent
prosves Glytheonate has been recommended as a good oral preparation of
snophyfhin Tt consists of theophyllin buffered with sodium glycmnate 1 to
3tabl tsare genevery 4 to 6 hours Ammnophy I may alo be grven by rectal
toute thedry drug0 5 to0 4> 1s dissolved i about 150 cc of distilled water and
Titroduced rectally every 6 to 8 hours Camphorindosesof 0 2to 0 3 (gr 3105}
Evenm ol and subcutaneousty 1s still employ ed hut its vatue 18 overrated
Gagtro-antestinal Vomfestations These are frequently mild but f seyere or
wiheched may tip the <cale between a good and a bad outcome Most of the
complications are parasympathetic m Rature
bflaudeu ¢ Darmng the acute stage of llness local applcations stupes are to
worded or carned out onfy With the greatest care the water must not be
'00 hot the cloths not too heavy and the duration of the treatment hasg
f:';n;:a:‘r: dangerous 1nstead a gly cerin SUPPOsItOT™ 15 mserted m the rectum
mount of bland o an ounce ot two 30 to & e nstilled n th
Tetlum through a small caliber catheter The use of a tectal typ to &, \he
sphincter open 15 of some use Carminaties wust Ve chosen w s ]v o e
of Hoff el afew drops
man s anodyne on a small lump of sugar dissolved 1n the mouth
Quantaty of farrly warm freshly brewed tea or concoction of h a smal]
Othet herbs Vike peppermint etc ma; o0 of Chamomule tea or
Yy bong relief Small doses of cha
031015 (gr 5to 29) or the ready made Encachon tabiers charcoa)
;’2‘]\“ m) gx(msmm) are good Sometimes small doses of f:l:::::“g ahsmall
o 10 1o 30 rhanat;
3 0 30 or Raohn 4 145 8 (gr 60 to 120} bring relief Sod:
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as a preventive of ventricular fibrillation which m1y be mduced by reflex
coronary constriction has not y et been proved

(6) Acule Pulmonary Edema The pulmonary, smaller, circulation (it includes
as an ‘“accessory uricle” the Iver veins to their “exit burrer”) 1s not only the
first to recewve the brunt of congestive failure but the hst to be rid of 1ts effects
The rate of blood flow 1n the pulmonary venous vessels 1s retarded and does
not return to normal until the pulmonary circulation 1s free of congestive
failure The velocity of pulmonary venous blood flow, therefore may be looked
upon as 1 barometer of the development and recesston of pulmonary con
gestion nd n turn of congestive heart failure The practical therapeutic point
1s that the treatment of congestive failure 1s not completed, regardless of all
apparent amelioration, until the rate of blood flow 1n the pulmonary venous
channels 1s restored to normal (Blumgart et al ,* Hitarg,'® Mller, * Miller and
Furman?®?)

Sudden heart failure in the form of acute pulmonary edema can come carly
n the cardiac attack or davs later This dread complication, a sequel fre
quently of sudden left ventricular failure, 15 the most dramatic form of heart
farlure and 2 sharp threat to hife Iactors other than increased obstruction to
pulmonary blood flow are probably necessary to produce pulmonary edema
anoxir for example with its effect on pulmonars capillary permetbility wnd
shifts in the amount of plasma protemn (Cameron), but whatever the mechan
1sm, 1t the first sign of pulmonary congestion (or general edema) treatment
should be prompt and energetic Osygen therapy should be started at once
Some patients are relieved promptly by a single dose of morphine 001 to 001>
(gr & to 1) combined with atropine 0 0006 (gr t4v) even before time permuts
the use of oxygen The atropine 1n the same or lesser quantity may be repeated
every 15 to 20 minutes for a few doses The weahening left v entricle sometimes
needs the help of caffeine sodium benzoate 0 12 to 0 3 (gr 2 to 5) mnjected paren
terally Ephednne i 01l 0015 (4r 1) combined or preceded by 1queous solu
tion (gr § to }) may be useful A good remedy 1s the intraxenous introductionof
strong, hypertomc glucose solution 50 cc of 25 or 50 per cent to which ammo
phyllin may be 1dded 026 or ounbam 002> mg or 2t most 0 » mg at any
one time The ouabamn may be repeated 1n 0 1 to 0 2 mg umts every few hours
The total amount should not evceed 1 0 mg 1n twenty four hours and 1t 1s best
not to use 1t at allif the patient 1s still under the effect of digitalis \ enesection
may be hfe saving Two hundred to 500 cc of bload are withdrawn, the effect
of a small amount removed 1s strihing and sudden cnough to suggest a

reflex mechanism
(7) Congestie Heart I alure (General Anasarca) Ihis s discussed on p 290

Other Complicating Manifestattons
Diz.iness and V ertigo ‘These sy mptoms may be mild or fleeting as 1n mild and
brief attacks of acute coronary msutficiency or they may be severe and trouble-
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eniously by a slow drip method about 1to 2 ce per munute Thisws tepeated
mithi Aweats, four hours Sodmm chlonde may be needed to replenish chlondes
ostby vomuting Drugs to o\ escome nausea areysually not efficacious although
cerum oxalate 1 010 70 (gr 13 ta 30) small oral doses of cocune 008> (gr §)
or chloraloe 2 to 66 (gx « to 10) are recommended
Faugue and Exhausion Tn <ome respects fatigue and exhaustion save the
dsrdeal from physical movement This advantage 1s greatly overbatanced
foweser by the danger of collapse from the svmptoms The victim of & evere
acute myacarduat infarction suffers {rom weakness n the heart asw ¢l{as general
ethaustion The s eakness in the heart 13 no wlusory matter It may prove tobe
amadestation of the general avtonomic reaction ot ot course of heart muscle
impry Forasthema no spectfic remedy 1s bnown and resort 18 made ta general
methods warmth of the bods mawntainng the general arculation careful
a0 shment and presersing the Patient s teeene strength by avouding stress
strun and evertion Desoxy cotticosterone may be tried 1 to 2cc patenterally
one ot two tumes a day small doses of stry chnme 0 001 {gr <) with or wathout
caffene atrate 006100 12 (zr 110 2) orephedrir 0 015 (¢ 1) by mouthhelp
The mgestion of large amounts of sodsum chloride may be tried of heart failure
tno factor Citrate salts (gr 30) three or four times a day have been recom
mended to avercome a tendency to mild athalos s and thus offset asthema
Sceating Intractable drenching sweats may become extremely troublesome
2ndadd to the exhaustion islongasitlasts the sweating refiresents a portent
of the serous state of the patient \easures to alleviate this sympton are not
always effective Restriction of flud and of sodwm chlonde mtake 35 of httle
value and neediessly adds to the discomfort of the patient Something 1s ac
¢orplished by attention to the w erght of covenngs and by alcohal spange baths
Drus are of vatiable value belladonna 03 1o 1 cc (M ¥ to 13) or atropine
{27 #5) <hould be benencial but often fail Gymergen0.5t0 1 cc subeutaneously
tsmot of striking benent agaracin 0005 10062 (gr vy 10 §) 15 sometime- good
Sodwm smtal 1 Jarge doses 02 (gr 3) everv two or three hours for sevetal
Consecutine 8o es has been recommended ‘The drug is supposed to act on
cerebral centers bringng relief without any soponific effect
a‘(:‘1( ){ perglicernia assocuated with glycosuria is an occasianal complication of
myocardial infarction avd requires no therapy It s probably a central
effect and sub 1des 1n short arder The hypergls cemia and especnlls (he o ral
Sara of 4 dinbetic who suffers a cardiac attach may need prompt a}r,xd ® glyco-
altentian Insulm thevapy 30 such patienss carnes nath st the hfrzrd [‘ s
vagal coronary constniction ot iberation of adrenalin itha delet png
on the ¢ ronary essels enousinfluence
Insomima This s a centra) disturbas
dying in sleep not a rate expenence m‘:;te;nsﬂzi::‘;“’kmmbu A dread of
mare difficit to overcome The patient may hude iy 2hes the insomnua seyft
Physician should be on the lookout for it aad s dread and the wagy
Teassure the patient firmly and
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bicarbonate 4 (gr 60) and charged or effervescent fluids are uncertain mn effect,
occaswonally adding to the flatulence Syntrogel or Gelusil tablets, one after
each meal and before retiring are useful, also Resinat, 1 or 2 capsules Theregu
lation of ali fluids and food 1s important 1n overcoming flatulence A regimen
of iquids 1f given 1n small quantities not too hot or too cold, and food that 15
sem sohid, easily digestible, occasionally small portions of fuirly solid food,
for example, toast, a small baked potato, cooked cereal that 1s firm, a small
portion of well cooked puree of peas may turn the trick Raw fruits and their
expresserd juices and raw vegetables are best avoided Flatulence 1n some cases
1srelieved by the use of a vasodilator, nitroglycenn or amy! nitnte, each ampule
of the latter contains 0 2to 0 4 (M 3 to 5) The use of posterior prturtary extract
05to1ce (10 to 20 umts) and prostignun (1 to 2000 or 1 to 4000 solution) 0 5
to 1 cc asadvocated 1s much too dangerous m this type of patient Atropine
mAay prove to be a good remedy

Constipation Allowing the patient to go without a bowel movement for
several days after his acute cardiac attack 1s often a wise procedure However,
should abdominal distress develop to an apprectable degree the bowels may re
quire attention The mildest measures are the safest, 3 to 4 ounces of warm,
bland oil stilled mto the rectum, supplemented if well borne by several
tablespoenfuls by mouth Gly cenn suppositories may help as a rule not Small
weak soap sud enemas, 6 to 8 ounces, are worth a trial, given slowly Colon
wngations, as a tule, are contraindicated but when resorted to they are to be
carnied out with great care, a fen ounces at 2 time allowed to go mto the rec
tum and then promptly siphoned off The entire procedure 13 not to tahe more
than ten minutes, perhaps less, and stopped at the least sign of pawn in the chest

Purgesand all strong cathartics are generally bestavoided Thereare patients,
however, who do well espectally after the severe mtial lness on small daily
doses of mild purgatives, such as milk of magnesia § to 12 cc (3u to Sm),
Carlsbad salts 4 cc (31) n a glass of hot water sodum phosphate 4 to 8 c¢
(51toBu) or4cc (31) soda bicarbonate mn a glass of hot or cold water, ete The
sohd cathartics 1n small amounts, are good casrara sagrada (gr 3) or the senna
preparation, glysenmd one tablet at might The aimis to havea mild movement
with as hittle effort as possible and not more than once a day , every other day
may be good enough

\ausee This may come with the onset of the attach Itis well to remember
that morphne and sumlar products produce nausea and other medications
are not free of this disadsantage Many patients never have nausea, 1n others
nausea persists, also retching and vomiting These symptoms m acute myo
cardial infarction are dangerous because they may causeextenstonofa coronary
thrombosts or & fresh thrombosis When fluids and carbohydrates are not re
tamed or absorbed through the stomach 1ntravenous glucose s Indicated ive
Bundred to 1000 ce of S per cent glucese 1n salne solution or 10 per cent distiffed
water (less likelthood of local venous thrombosis) are administered mtra
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standing of s phvsician apd of other persons around lum the confidence he
hss 1 hus treatment all play thess patt o this end Lt Af pain s severe and
stubborn aside fram the use of oxy et therapy which brings rehef the early
dusafteran attack, resort to d-ngs for the lonter subseruent periods becomes
the mamstas for eas ng pawn and for brnging relaxation Test and steep These
dryshave sltearty beendescrhed therr setection and the frequency withwhich
{hey ate administered ate determined by the need mn each case Thedrugs to case
pain are more than anodynes and wnalgesics, they are mvaluable calmatnes
The abolitian of pata af its appreciable reduction or even mereasing {1 e wmten al
between attacks are invaluable not only because of the rehef but also beewuse
abeence or mitigation of pam helps consenve the strength of the potient and
thes fucther hus recuperation The drugs carny with them certam draw bacls
alread, discw sed A general disadvanta,e that dernes from the eradication
otpaw bs any metns 1s the disappearance of the warnmg 1gnal function of
a3l pain (Chupter T1), but this disadvantage 1s no ¢ 4 [
strving for relie It s well howe et to re-emphisize that m the absence or

dbohtion of pamp the underiying, matady and the menace that goes with 1t 31k
eust

‘The patient sometimes procures grateful relief of pawm fram the use of stmple
measures such as ibe appheation of heat to the precordmm or gestle counter
uritation from a mustard plaster or rubbing with methy ] sahcylate Precordial
pain also the radiation mto the arm are eased and Jessened on vecasions by
placng the teft arm 10 3 special position or posture by immobiluing the arm as
mbeh as possible or by exerting strong pressute upon the netves of the arm m
pheated in the dtribation of pun Libman procedure ® This latter mnppla
900 3 et {0 be undettaben bghtly whea the patient although comalesting 18
st senoushy W Cold applications (ice bag) are not welcome occasionally
hoseier they relieve precordiml pan notably when tachyeardia 15 2 {feature

The pamn of acute percarditis 15 of a different arder s reference 1oty way of
the phreaic pathways to the trapezius muscle Sometimes a pencardni rub 1s
2udible and pain absent However when pam js precent 5.2pt to be agara
“ated a3 the pavsent shufts from side to side and a faurly frequent comy ‘1’1;;( i
the wtensification of percardial pain from resting on the left «de I?
ardial pawm an 1cebag may be helplul, sometimes heat occasignall 5,0( pert
the chest when there 15 pleuropencardial miohement, and scdalm; e
Dhspnes

This 1s almost alway s a feature of h
eart failure as o sty
some almost intractable cough and disturbed rstxanc;i ﬁ::“ “:l(h trodle
bressure by an engatged left auncle on the eft recureent f el e
ageravate the cough and add to the neal nerve can
of the heart faiture with dwretics
Watching the weight merezse 1 2 relghle way of vsnm\m:“;‘“‘g\h\l)m 2ie
nd mcrease 1
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with good common sense, or explore the psychologic 1spects of the fear It 1s
not advisable to “push” morphine or alhed drugs lest unpleasant and stubborn
after effects and addiction appear Chloral hydrate by mouth my be valuable
031006 (gr 5to10) 1t 15 also given per rectum, repeated m three to six
hours mn larger amounts 1n some cases Severe insommt 15 sometimes broken
by the milder seditives The general management, quict of the room, the
eltmination of disturbing factors are conducine to sleep

Part II Interval and Chronic States
TRrATMFNT

After the violence of the attack has subsided, the patient will be left spent,
or 1f no serious cardiovascular leston exists as m many cases of acute coronary
msufficiency he may exhibit an immediite and almost miraculous recovery
The attack of acute myvocardial infarction can be brief, too, and the patient
wall pass through 1 short period of comalescence s subsequent course will
be governed by the absence or recurrence of pamn, mental anviety, and his
ability to function 1n accordance with the demands made upon him Therapy
may call for hittle more than wise counsel and careful instruction to avoid situz
tions which precipitate an attack 1reedom from attichs and 1 sense of compara
tive well being, however, are no guarantee of immumity from the danger of
succeeding attichs or sudden death 7The care from now on 1s largely preventive,
and the predisposing and excitatory factors which bring on 1n attich must be
shunned or guarded against

But in 1 great many patients with acute myocardinl mfarction the acute ept
sode 15 follow ed by sichness and disabihity for weehs 1nd even months and some
indiaduzls who develop recurrent infarction or progressive alteration of the
coronary tree become permanent mvalids

The patient with 1n acute myocardial infarction 15 hept m bed during the
first three to four weeks of illness This pertod 1s best nat shortened even if the
attack seems to be mild The period of bed rest, with certan exceptions 1S
wisely not prolonged because of the danger of pulmonary embolization espectally
from undetected venous thrombi in the lower limbs The extremities are care
fully and frequently moved to minimize this dwnger When he 1> ambulant he
1s supervised for months under orders to avord fatigue or strun During the
immediate period of comalescence and for months therafter, he my develop
pam or fatigue, exhaustion, dyspnea psy chie disturbances The gravest danger
1s heart failure, or acute pulmonary edema (Cameron”) In some cases therapy
and management may have to be continued for the remuning hife span of the

patient
Pan

The allesiation of pamn 1s not 1 matter of drugs altogether The general

comfort of the patient, the shill with which he 1s nursed, the psy choloy,ic under
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stand.r, of hus phy 1cuan 2nd of other persons around him the confidence he
s 1 Tus restment all phay thew part to this end Yt f paun 13 severe and
stubooro 2.1de from the use of oxy gen therapy which brngs relief n the early

dursafteran attach resort to d-ugs for the longer ubsequent penods becomes
the maynstay fof easing pan and for bringing relaxation, rest and sleep These
druhavealreads been described theur selection and the frequency with which
they areadmunistered are determined by the need n each case Thedrugstoeise
fai are more than anodvnes and analgesics they are myvaluable calmatives

Treabolition of pain of 1ts apprecisble reduction of even mncreasing the wterval
between attachs are i aluable not onby because of the relef but also because
Weeme o mivgation of pam helps conserve the strength of the patient and
thus further us recuperation The drugs carry with them certam dranbacks
already diccussed A general disadvantage that dernves from the eradication
of pain b any means 15 the disappearance of the warmung symal function of
angoal pam (Chapter 11) but this disad: ge 1S RO < fication to
strvin, for relief Jt 1s well however to re-emphasize that in the absence or

sboliton of pain the underlving malady and the menace that goes with it stil}
enst

The patient sometimes procures grateful reltef of pain {rom the use of sumple
Beztes such as the apphication of heat to the precordim or gentle counter
mitation from a mustard plaster or rubbing with methy] salicylate Precordial
P2 also the radmtion 1nto the arm re eased and lessened on accasions by
Plecing the feft arm n a special position or posture by immobilizing the arm as
uch 35 possible or by exerting strong pressure upon the nerves of the arm ym
Phasted n the distribution of patn Libman procedure ® This latter manpula
Y 715 0t 10 be undertaken lightly whien the patient although comvalescing 1s
sl serinusly il Cold apphications (sce bag) are not welcome occasionally
howeser they relseve precordial pain notably when tachyeardia 1s a featyre

The pann of acute pericarditis 15 of 2 different order uts reference 1s by way of
the phrensc pathways 10 the trapezius muscle Sometimes a pencardial rub
2udible and pain absent However when patn is present ttas apt to be aggra
tated as the patient shifts from side to side anda faurl, frequent complamnt 15
the wtensincation of pencardial pain from resting on the left side For pery
tdiat pun anice bag may be helpful sometimes heay accasianally strappig
the chest when there 15 plevtopencardial it ol ement and sedation
Dyspnea

This s almost atways a fevture of heart failyre a5
“me almost mtractable cough and distutbed rzf‘iﬁ :ﬁ:m\\?ez;m’mc
Pressure by an engorged left aurtcle on the left securrent laryngeq) anical
agaravate the cough and add to the dvsppea The remedsy 15y Qf pene can
of the heart failure with dwretyes digitals stropbanthin Borous ticatment
Watching the weight mcrease 15 2 relable way of aminophy Ihin ege

estimating fuid increase n
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the body, and as little as one pound of edema fluid may bring on dyspues,
especially of the nocturnal type

Entracardine causes of dyspnea demand attention to the specitic trouble i
each case Removing these ciuses can add greatly to the chances of recovery of
heart fulure

Psvclue Disturdances

For the psy chic disturbances that trail an attack of angina pectors or acute
myocardial nfarction, 1t 1s good practice to vary the sedati es and hypnotics
A farly large number of mdividuals differ in therr response to these drugs and
1n some cases fears, uneasiness, bad day or night dreams, depressnve statesor
exhilarated and manic states are produced by some of these drugs The bar
biturates re frequent offenders in this respect, morphine and its dern atives to
a lesser degree The mental anxiety 15 removed sometimes by measures that
relieve the physical symptoms by mitrites, 1tropine, papaverme or other anti
spasmodics which 1meliorate or abolish constriction or appressions of the throat,
chest or epigastnium and 1n this way allay ‘fears of choking *

As the hours and days of 1cute illness draw to a close the physician will have
opportunities to sense and learn the background of the patient the capactties
of disciphine, of stoicism, and for hope The patient must suffer no betrayal of
confidence even n matters that seem trivial The understindmg and mutual
confidence established in the very beginming of the illness will pros e a foundation
stone upon which to build 1 shallful psy chologieal bridge between patient and
physician for the future Members 1nd close friends of the family also 2re to
exercise caution and a cheerful demeanor m the presence of the pitient and here
too an wstinct for famuly and personality values will gwde the physician in his
counsel

Congestt ¢ Heart Talure

When the infarcted heart muscle fails to heal or ~fter healing remamns weak,
the patient may sooner or later develop myocardial msufficiency mantfested
chuefly by 1 reduced cardiac reserve with congestn e farlure absent or mntoial
or congestr e heart failure may dominate the situation A number of procedures
are 1vmlable for treating congestive fulure (a) rest in bed or modified ambula
torv treatment, (b) restriction of sodiim mtake (c) the use of diretics
(d) digitahis especially when the rhy thmis deranged and (c) mechanical measures
to remov e dropsical flud

(1) Bed rest Confinement to bed alone seems to hve a dwretic effect Vath
bed rest alone four or five pounds of dropsy mty go m as many days provided
no excess of salt was ingested This procedure in the greatest number of cases
noweser, 15 mneffective In addition to bed rest, at least 1n the early period

following a cardiac attach, the patient may have to be treated by supplemen
admimstrition of

tary measures 1€, marhed restnction of sodium mtake the
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nercuna) druretics 10 promote ehmination of sodwm and water and with
digtals

{b) The nigorous reduchion of sodwm wmtake and adherence to this regumen 18
extremely ympartantand itself sufficient ofttimes tond the patient of edemaand
Leep hum edema free “The sen ereregimens hmit the: intabeto 200 mg of socum
shichis equnalent 100 5 Gm \aCl, or the sodwm 1n the diet may be doubled
Thus 15 accomplished by substituting sait butter {or sweetr Too long on thie
restriction ¢an cau ¢ general weakness malase and wrtability and saltintake
mas have tobe imcreased. Fluds are not strenuousty curiafed as in formet e
mers 1000 cc of mulk and abiout 1500 to 2000 ce of plain water are permitted
Onerenergeur or 100 rapid dehydration 15 avpided The patent 15 wewghed
frequently dails f possible

The following compiled from a number of <ources, s 3 usefu} resincted
sodium diet contaming 200 myr Na equnalent to 0.5 Gm NaCl Nothing that
> 00t Taentioned on s hist should be taken Danking water which has been
nnth ough water softemng equipment 1s not allowed L e 1o sait in cooking
Takeno .oda bicarbonate

Heator Fish 30z Yy raw weright of frech beef Tamb pork seal poultss ox fresh fish

ovsters tut no shellish These toodstulls must pot e ysed 1n frozen form unless atas
certain they have not been frocessed wish salt smoked procesced and canned prod

ucts ace selected math the same precaution They s be fred m ursalted segetable
far (olne ol Spry Crisco \nafati or lard

Eggs oneeg, daily 1f eggis needed for lessert use one of tsvo yolks not the white

Mk salt free mull Lanolac marketed by Mead Johnwon Co 18 a salt free rors The
d rections come with the prodact. The equivalent of a fluid quart may be taken dady

B ol fon sochium bread 4 shces day A good preparavion 18 made by many haenes.
Ta sover bread (matzoth) the ylain or the tea bisemt may be used

Corels plan farns Wheatena nee volled oats (oatmeal) puffed wheat pufied e
sk edled wheat Pettyohns matatont spaghetu

b osultd b tter 4 squares (} wch thiel) daily

Cheese made from salt free m'%

Sprees pracucally all except celery omon or garke salt and no marketed sauce such as
kewhup horse radish mustard ete

Vegetables 310 4 servings of the followang  the fro2en products of those matked with an

may be used
;mragus Cowpeas Peppers
63 5 green Cucumber Potatoes whity
g ot Joiers wwhite or smeet one dadly
Beans v dned Endne Radishes
Broceoh Lettu e Rutabams
Brusale sprowss ushrooms
v PN Ss:f, ::hm fresh or dried
Carrots Omons Tomatoes
Caubflow Parsley Tarmip leaves
Com Taren
pormps Turmaps white or yellow

Friat afi fresh vaw or corhed frusts an 1 £
rech fy
1 they contamn no salt ot sodwrm um;x:m e shiewmned ducdo eozen s

PV e
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Desserts gelatin (not prepared gelitin desserts) honey 1 gelly, marmalade unsalted
nuts
Beverages Apple puice
Chocolate (with salt free milk)

Coca Cola

Cocoa (with salt free mill. av;d  Duatch process  Cocod)
Coffec

Ginger ale Orange juice

Grape jmce Pineapple juice

Grapefruit Juice Postum

Lemonade Prune juice

Lanolac mulk, salt free Tangenne guice

Orange crush Ter

This diet alone may be sufficient to nid the patient of anasarca or 1t may be
necessary to ndminister 1-2 c¢ mercupunin duly or almost daily for several
weehs and at longer spaced intenals during subsequent months hempnert ®
claims tht strict adherence to the rice diet which he dev eloped will removeeven
the massive edema of congestive heart fulure and keep the pitient edema free
He admunisters no digitalis mercunials or other dureties The diet consists of
caaked rice prepared from 4 daily allotment of 200-500 gm of dry product
supplemented by frnts syrups, sugar It contans 20 Gm protemn, > Gm fat
and not more than 150 mg sodwm 1nd 200 mg chionde The total caloric value
15 2000 calories If 3000 calories are given the protemn 1s rused n ratio Mith
1nd condiments are mterdicted Patients sho are hept on thus diet for mam
months 1pparently develop no hvpoprotememia The dict 15 nigorous and
psy chologically dufficult to adhere to but wtapperrs to haye much ment in some
c1ses The more hiberal diet outlined above may have to be resorted to and if
need be supplemented by the rdministration of mercurnnls 1o heep water v
change in balance

Tox and his 1ssocates® have suggested that gis ing sodium lactate follow ed by
sodwm and potassium acetates will remov e anasarct 1ssoctated under certan
circumstances with decreased plisma sodim and acidosis Their studies md:
cite that the restriction of sodium 1s employ ed 1t present may requite modit
cition m some cases at least Salt substitutes havenot been successful they are
st]ldom palatable

(<) Dureties These make up several groups with indi idual differences and
indications for use 1he first group consists of urea the second of acid and
base forming drugs the third metal preparations especally of mercury
the fourth punne drugs the ffth digitahs and allied drugs the sith hor
mone products, the seventh hy pertonic glucose or sucrose solutions

Urea 15 sometimes a good remedy 1t is green in Iarge 1mounts 1> to 2y
grams (5 4 to 7) 10 solution three times 4 dw (Millerand 1 eldman™) Despue
3ts wples wnt and often objectionable taste somc patients tahe 1t readtly or
schoo! themselx es to tike 1t The additional flud intake needed to dissols¢ the
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wrea 15 more than balanced by the large guantiies of unne passed Lrea
these mastive amounts mav be gien uninterruptedly for many mopths Some
patients 1 our practice hiat ¢ taken more urea than the equivalent of the o
body woght When edema disappeats its lation 15 presented by the
contued use of urea ey en m stmaller amounts Diadvantages to urea theraps
are (2) 1 15 ot afwovs effectne (b) 1t produces itching and excessne thirst
(<) 1t does not rd the body of enough sodium chionde and a5 we have already
mentioned {d) 115 hard to tabe Charged waterasa diluent nds urea of much
of ts unpleasant taste

e and base forming drugs Of these ammonwm chlonde and ammonism
mitfate are 1 most generat use They are gven 1n doses of 210 3 grams (gr
2010 45) three tmes 2 day and axe continued for weels and months and as
1n the case of urea with no deletenous effect to the body  and more particu
larly to the hadnevs Of their own accord they may act well or thewr effect may
be augmeted by the simultaneous use of another duretic id.e urea or agam
thew chuef sole raan consist i ncreastng the efficacy of adnunistererd mercurial
duretics Disadsantages are gastnc upsets and m the case of nitrate <alt
methemoglobinura

Rase farming or alkah drugs have been proposed when acid drugs fat The
dehydfatin,, effect of potassiam nutrate was Lnown neatly a century ago Binger
and hetth? confirmed the use of potassium salts Thes emploved potassium
chlonde a5 suggested by Barker * with good diwrests and no injunous effect
They also recommended potassium mrate

The thurd group coraprises metal prepacations and of these mercupuria and
ntercuhy drin have the widest use * They are to the regufation of cardiac dropsy
what msulin s 1o glycosuna Thewr imntravenous admimistration 15 vens effec
e The dose m 1he beginning may be ©3 10 1 cc to avord too sudden and
drastic depletson After an waterat of a few days 1 cc or mare (notzbove 2 cc
sz rule) are gren Thrombosis 1 the e injected and febrile reactions are
2re Deaths have heen teported from mntravenous use and attributed to too
i admu stration This does not seem 10 be the whole evplanation The
l;lr‘:)':\:mﬂax voute of admunisteation 13 preferred by mans who fear this effect
eyt sl brombosg o the s Th s ven s
ates 2v0ulng the s:mxc - necrosis 1s not great The buttacks are good
dnees enves and altersating each buttock for euceessne

The
. m"e ln:ﬂmm, preparations are also avaiable i suppository form and worth
mu:“) ::]) &;me') profitable to give 3 mercurial preparation almost da’y or
e y for exenat weels or onger (C oldsy continumg four to five himes
prevent rezccumulation of edema gradully mereasing the wtenal
Men3 2 néw mercurial pr
epacation has recently heen
hena 2o e y recommended Tt possesses
Yo r\n\ucuu:ﬂ;:sl, a8 Ioss toncity anf produces Bttls local reactin The dise 1 0 §

Thio
exce fent
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Desserts gelatin (not prepared gelatin desserts) honey pam jelly marmalade unsalted
nuts
Beierages  Apple yuice
Chocolate (with salt free milk)

Coca Cola

Cocoa (nith salt free mifk avord Dutch process cocoa)
Coffee

Ginger ale Orange jurce

Grape juice Pineapple juice

Grapefruit juice Postum

Lemonade Prune juice

Lanolac milk salt free ‘Tangerine yuice

Orange crush Tea

This diet alone may be sufficient to rid the patient of anasarca or it may be
necessary to admimster 1-2 cc mercupunn daily or almost daily for several
weehs and at longer spaced intervals duning subsequent months Rempner'? ®
claims that strict adherence to the rice diet which he developed will remove ¢ven
the massive edema of congestave heart failure and keep the patient edema free
He admimsters no digitahs mercurals or other dwretics The diet consists of
cooked rice prepared from a daily allotment of 200-30C gm of dry product
supplemented by fruits syrups, sugar It contams 20 Gm protemn, 5 Gm fat
and not more than 150 mg sodwum and 200 mg chloride The total caloric value
15 2000 calones If 3000 calories are given the protem 1s raised in ratio Milk
and condiments are nterdicted Patients who are hept on this diet for m1ny
months apparently develop no hypoprotemnemia The diet 1s nigorous and
psy chologically difficult to adhere to but it appears to hate much mertt 1 some
cases The more liberal diet outhined above mav have to be resorted to and 1f
need be suppl d by the ad! ration of mercurials to heep water ex

change n balance

Toxand hisassocrates® has e suggested that giv ing sodium lactate follow ed by
sodium and potasstum acetates will remoy e anasarca associated under certain
circumstances, with decreased plasma sodium and acidosis Therr studies inds
cate that the restriction of sodium as employed at present may require modifi
cation n some cases at least Salt substitutes ha e not becn successful, they are
seldom palatable

(¢} Direnics These make up several groups with indridual differences and
indications for use The first group consists of urea the second of acid and
base formmg drugs, the third metal preparations especiilly of mercury
the fourth purme drugs the fifth digitalis and allied drugs, the sith hor
mone products, the seventh hypertonic glucese or sucrose solutions

Urea 1s sometimes a good remedy 1t 1s gnen m large amounts 13 to 2>
grams (3 4 to 7) i soluton, three times a dayv (Miller and Ieldman®) Despite
1ts unpleasant and often objectionable taste some patients take 1t readly or
school themselves to take it The additional fhud intake needed to dissohve the
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1w the patient w1th chronic congesti heart faiture Diureties that have been
1. ed apd found wanting at one tune myst not be permanenth dicarded

1d) Dsgutalts 15 one of the best remedies for ridding the bodsy of cardine edormh
epecially where the dropsy has zesulted fram myocardial insufliciency m whicl
aunieulae fibtillatian plays a part Digitalis alone 1s almost a speaific or digitalis
1 evcellent i combimatson s sth one or sey eral of the dwretics or the procedures
already mentioned There 15 seldom need for great haste m ns admmstra
tion m chromac congestive heart falure

(0} Mecl smeal megsures Incases mwhichdruretics were tried without success
ot lost thewr effectnenesd after a nime mechanical measures m3y prove valu
able Every chnicnan of expenience Yearns that an specil wstances the simul
taneous removal of cardiae edema flmd from pleural or abdomml cwaties of
1he fontr Bmbs comerts 2 hitherto meffectual diuretic nto o patent actine
a ent Agan mechamcal removal of a large quantity of rccumulated flud 15
ali that 1s needed to permut the body to carry out the brisk and adequate el
fatton of flds unatded by other means The mdications for thoracic or ab
dommal paracentesis or the withdrawal of edema fimd from the Joner Junbs
by Southey tubes are <eldom major prablems The usual precautions of asepsis
ar¢ mperatine nowhere more o than n the yse of the Southey (ubes

The patient with congestin ¢ heart faglure in whom dfopsy 1s not to the fore
bu who suffers from myocardul msuficiency 1n ather ways will need pecial
€ate u presenng what cardue reserse remawns and adding to 1t Some cases
needattention to Iis er disturbances (hepatic msufficiencs ) assoctated with some
8 Zree of junarce It 15 claymed that the jrundice of myocardial imsyffictency
15 508 necessarily an expression of Iner dysiunction Exen if this beso the
# € aells for special dietetic and other care Large amounts of muluple
Vitatns and crude Iner introduced intramuscularly are recommended
{ssocsqted \etabohe and Endocrine Dusorders

The moidence of coronary dusease and angua pectors 10 rddle aged and
somenhat older groups is of course, hugh and 1n these groups al<o many meta
belie and extracardior ascular dr.orders are frequent Tramples are obesity
duhetes gout anema especially the typeassociated with menopaustand hypo
Qytord states Cardios ascular renal condttsons 2nd s ared forms of generalized
dectescent artenosclerosis frequently coetust with angina pectorts and coraras
artery diseace This assocration of €6 6773 catdiac disease and cmamrd\z,
disnrders requires treatraent of the noncarduc condition undertaden nith due
reghml for the cardiae aspect of the case Treating the ont often benefits the
other The treatment howeser of the extracatduc assoassted condition §
wample dibetes mellitys or gout should not be too strenvovs -

Drabetes mellitus 3s assocrated not only wadl
but n many other parts of the vasctar

b alterations m the caronasy sessels
aged o older The diabetes offers no gr

et the viehms are generally middle
€at problem i therapy as a ryle but
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until the drug 15 admimstered three, two or less times a weeh Urea or acid
forming drugs are sometimes employed as supplementiry measures In the
presence or suspected existence of renal disease, mercurial as well as other metal
containing preparations such as bismuth salts, are usually interdicted To off
set or prevent abrupt water depletion and an wccompanying ntovication and
exhaustion, effects which follow the excesswve action of these mercurials 2 to 5
grams of table salt by mouth after an imtial large output of urine totallng
1000 to 1500 cc , may be given as recommended by Poll and Stern

The oral use of mercuhydrin 1s still a matter of mvestigation The dose 1
02t004 (gr 3 to6) three or four times daily , the urine should be satched for
evidence of possible renal damage, and gastric disturbances ayoided

The fourth group of diretics, purine drugs, has fallen mto some disfavor
becuse other drugs and methods have proved more dependable and effectnn e
Pharmacologically these drugs are known to increase and improyv e the coronary
arculation However, all the pharmacological evidence 1s based upon ammal
experiments in situ or on heart lung preparations hept alive under painstahing
but nevertheless artificial conditions There 15 still no consincing proof that
xanthine products have a similr effect on the coronary vessels i man It
must be stated with equal emphasis that neither can the contrary be proved
and indeed, some chinical reports extol the effectiveness of these products
These drugs do not merit complete neglect, particularly such preparitions as
dwretin 0.3 to 06 (gr > to 10) three times a day, theocalcin 8 to 10 tablets datly,
euphylline 0 1 (gr 13) by mouth 3 to 4 times a day, theobrommne 012 to 03
(gr 2 to 5) three tumes 1 day, theocme 012 to 03 (gr 2 to 5) threc times 1
day and caffeme in concoction form or as citrate or the benzoate salt

Some endocrme products possess a diuretic action the pituitary extracts
(05 to 1 cc) 1n diabetes insipidus thyroid substances 006 or more (gr 1 or
more) three times a d1y 1 nephrosis and parathormone (umts 5 to 15)
cardiovascular renal edema These products are sometimes given m intractable
cardiac edema Their use however 15 not routine

Hy pertonic solutions of glucase or sucrose, introduced mntray enously are good
diuretics There 1s seldom any contrandication to their use but they are not
alwavs effectne The glucose solutions are administered in 25 or 50 per cent
concentration, preferably m distilled water to lessen the lihelthood for throm
bosts and to avoid giving sodm  the preparations are buffered and mjected
rather rapidly This may be repeated six to eight hours apart for sev eral times
Glucose therapy 15 not always , we have the imy 1t has been
followed by pulmonary congestion Sucrose in 50 per cent solution 1s admin

1stered very slonly
An interesting and strange vanabihity 1n efficacy often characterizes the use

of many diuretics Drugs or other measures to produce diuresis tried and proved
ineffectual yet utilzed at another time and under conditions that scem un
changed become \igorously active This fact 15 not to be lost sight of i treat
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opatible with 2 pood degree of tardiac function and recene (p ¢) con
sttuteanes er present pent of sudden death This type of suddendeath possesses
sevesal curtous aspects In the first place st daes not occur n all cses of pro-
nounced coronary stenosis, this has been explained by the vanable factor of
the p atective funciion of nendy deseloped wntetcoronary and arterioy enous
channels In the <econd place considenng the extent and efficyey of such 2
collaters) orelation abM, 0 Leep the heart from faltering sudden death be-
comes duficult to reconcile with an abrupt mechamcal exclusion of blood at the
mouths of the coronanes siwce the merement of blood suddenls shut off must
be negligible Thirdly this type of sudden death 1s not <o common other
forms of ostial parrowing 3¢ arteriosclerotic thackening

lest patients s ith carciovascutar syphils uffer not only <evere anginal pam
but n Lat r stages poor cardiac resenve and congesth e heart failure antiluetic
therapy Jor them must be undertalen with great caution if at afi Swnce such
mdniduals have a Ife expertancy that 13 short at most one or twe years 1t
might be ashed 15 1¢ ever sound to adsoeate this jorm of therapy attended as
15 by 11 Ls? There are those who prohubit any form of antiluctic treatment
feaning this form of therapy precipitates sudden death of cangestnve failure
when luetic narton g of coronan, onfices 1 advanced A special contraindica
tion attaches to the use of arsenical preparations especially shen admunstered
Wtravenousty Arsphenamune for example 15 known to produce severe shock
(Jarisch Herxhemer reaction) or acceleration and spreadl of the focal sy phiite
lesion m the cardiovascular system (the therapeutic paradax of Wile? )
These senous untoward results may prove fatal especialhy in the presence of
congestive heart failute Congestne heart failure 15 treated by the measures
already descsibed (p 290 and anginal poin calls for the therapeutic procedures
already discussed fp 204) The removal oratles ation of congestive heart farture
s Sg:;l to favor the return of temporarily suppressed anginat pam
umh:‘\:i 1:1: r;rf;mcms leveled at treating, luetic beart disease sufferers with

even with recurring congestine heart fature have obtuned

;E)ltlzii ‘l:y antfuetic measares The most recent methods depend upon pemscillin
g0 mercuzy arsenic and iodides are still employed D
are available w the literatuge i et of therpy
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advanced decrescent changes as in the Kimmelstiel Wilson's sy ndrome are more
difficult to treat If msulin 15 employed, angmal serzures from its use should
beavorded Diabetics, especnnlly i the older age groups, do quite well on fairly
Iiberal dietary regimes and without msulin It 15 wise not to aim too rigorously
at making the urme sugr frec Tor the ditbetic with corontry discase there is
2 special advantage in adherng to a total calore regimen belaw the standard
requirement for his weight, age, etc

Gout1sby no means rare n mdiv iduals who suffer from coronary artery disease
and myocardial damage A dietary factor perhaps underlies each respective
condition or 1s possibly common to both The gout Should not be treated too
vigorously

Cardiac Cacheria A very unusual state of marked emaciation and asthemn,
resembling n some respects Simmond’s disease, 1s sometimes encountered n
chronic advanced heart disease produced by myocardial damage This condt
tion, termed “‘carditc cachewa ' 1s not understood nlthough some of the fex
tures pomnt to a neurohormonal disturbance The condition may resist treat
ment A course of msulin combined with 1 carefully selected high calorie duet,
large amounts of vitamns, endocrine products (ntuitrm S, etc ) deserve a
trial A pomt usurlly overlooked 1n this connection as in most patients with
chromc heart failure, 1s the possibility of hiver mnsufficiency 1ssociated with pro
longed engorgement and stasis of the Iner Large dases of multiple vitamins,
intramuscular mjection of 2 to 3 cc of crude hiver every other day and ammo
acids orally and parenterally, et , are worth trying

Cardio asctlar Svplulis

Syphilis 1s not primanly a disease of heart muscle However, myocardial
changes and spirochetes i the heart muscle have been found by Warthin
Cesa Bianchi® of Milan also reported a small group of cases with spirochetes
and alteration of the heart muscle and later Norris ® published sumdlar findin,»
m three cases The presence of spirochetes i heart tissue however 1s strongly
disputed by Saphir® , at best 1t 1s rare

Lues pnimarily attachs theaorta especially the suprasigmord portion T estons
confined to this part of the vessel are however not mcompatible with 2 moder
ately long span of bfe and with fair comfort The condition 18 often undetected
and even the Wassermann reaction 1s likely to be negative i about 50 per
cent of the cases (Gallavardm and Gravier) Lacept for the serum test all
thts 15 changed when the pathological process creeps belon the level of the
coronary orifices and mto the simuses of Valsalva, ev entually deforming the
aortic valve with incompetence of the valve as 1 mechanical sequence Two
chamns of events follow the incompetence of the aortic valve leads to
enlargement of the left ventricle, later often to congestive heart failure and
anginal pam develops as the luetic process encroaches on the coronary
ostia actually obliterating their lumen The constricted ostra though frequently
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of the sympathetic difators hatz and Jochim® clasm the coronnes are con
stnvted by sympatbetics

While 1t 13 hughly probable that the svmpathetic (adeenergic) division dilates
the coronary Veseels 1t constricts nearly all other vascular terntones including
tbe vast cutaneous vascular bed It 1s commonh held that by way of excep-
ton the splanchme vessels as i shock for evample are dilated while the
penpheral circufztion 1s constricted  But according to Tomb Y% 1n shock the
splanchnue as well as the cutaneous vascular beds undergo consinction the
sheletal vessels becomung dilated Much further study 15 needed to confirm
these points Howeer 1f 1t were an accepted fact that the corananes are
diated by sympathetic neres 1t would permut the interesting hypothests
that these pssels are endowed with 2 means of remaining apen and filled duning
2 generalized sympathetic byperactivits characterized by wide spread vaso-
constriction Wenchebach entertaned such a behef It 15 however ex
wemely biely that dunng such hyperactinaty vagal coronary constrictors
are brought mto action and indeed become ascendant i their mfluence over
coming the effect of sympathetic dilatation Or 1t may be concened that the
autivity of the coronary sympathetic dilators becomes excessis e and eventually
weak or paralyzed whereupon by default asit were vasoconstriction without
orwith vagal constiiction takes place This latter mechamiem 1s exemplified in
the behasior of penpheral small blood vessels (p ¥0)

All these ners ous afluences on the coronary vesselsand the heart are mediated
through efferent pathways The vessels also possess an afferent supply of sym
pathetic and vagal fibers The sympathetic afferent fibers are the mam path
ways for transtwitting patn from the heatt into consciousness and to mmterrupt
:’x:;zl:wa)s ‘anous surgical attacks have been developed These surgical

o not attack pam or the conditions responsible for pun they merely

ntercept the pathways and 50 amm to prevent pamful impulses {rom tray ehing
along these routes

A number of fund

[ and practical arise 1 conn,
the surgical and allsed proceduses in respect to angimal pam (1) ;;;l;%n ;‘r"::
least the bulk of cardiac and aortic afierent fibers conerge upon one paint
Fegion or are there signiicant accessory afferent pathways® (b) Arcmu ;:r
cardha afferent umpulses carnied to special zones in the spimal cord (o 30 the
Toots) te to the left Th 1 to Th 4 levels only? (<) Carat be that aeo l"'s"‘
33 comveyed mto consciousnes without the interention of nene“gnm;. mu;
These questians bear upon a esiteal e abustion of the surgical ramays
have been proposed gical attacks that



CHAPTER XVII
Surgical Treatment

I Neurosurgery and Paravertebral Block

ANATOMIC AND PirySIorocic CONSIDERATIONS

F ROY the preceding chapters the reader will realize that anginal pai 15 an
expresston of autonomic dsturbance, often with a predommant emphasis
of the sympathetic system and that the pain 1s transmitted chiefly, if not
wholly, by sympathetic fibers It 1s therefore not surprising that most surgical
attempts at the cessation and prevention of cardiac pain have been directed
to breihing these sympathetic routes

Basing their approach to the problem of heart pain on the contention of
Ranson,” Ranson and Billingsley 7 Holmes and Ranson,* Danielopolu,!” and
others who claim that the superior sympathetic cardiac nerve contains a large
group of efferent fibers exercising a constant tonic constrictive action on the
coronary vessels, Coffey and Brown® limited their operation to severing this
nerve or removing 1ts related ganglion, the superior cervical, ind they reported
good results Kerr®* & also obtamned refief and the prevention of further at
tacks of anginal pamn from superior cervical ganghonectomy By ostensibly
blocking the stream of efferent impulses to the cotonary vessels these investiga
tors believe they averted spasm of these vessels On the other hand, Richardson
and White?® as well as White! ! obtamed poor results from this operation ind
abandoned the procedure

Chmcians speak of spasm of the coronary vessels 1n man but this 15 not
acceptable concept to all physiologists Indeed there 1s no unanimty of agree
ment on the mechamsm of the nervous regulation of these vessels (p 94)
Pharmacologic studies are often conflicting in the same species The coronary
vessels of cold blooded forms the tortoise for example (Drury and Smith”™
Drury and Sumbal9), 1ppear to possess n arrangement opposite to that of
mammals, namely, vasodiatation 1s vagal and vasoconstriction sympathetic
The nvestigations 1 mammals are contradictory but m the mamn pomnt to
vagal constriction and sympathetic dilatation Clinical observations favor the
custence of sympathetic vasoconstrictor actinity and an embry ologic basts
helps strengthen this pont of view (Ranson®) The consensus however leans
toward a vagal constrictor mfluence over the coronaries in man and to a vaso
dilator ction by sympathetics Physwologsts lihe Anrep and co worhers '
Hochrem,®® “ Rem,® Wiggers ' 7 while not oblvious to the importance of the
sympathetic dilators, emphasize the significance of the vagal constrictors
Greene -7 Hinrichsen and Iy * stress the predonunant tonic tction

others,
300
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the entire 12k of afierent conduchion The fallure of these pperations could
thus be accounted for without imvolang the evistence of afferent fibers m the
\entsal spmal roots Chmcal observations also support hese thnasms Tor
mstance, v1sceral pam, tabetic o7 anginal 15 nat abolished sometimes until the
exct 1on of posterior dorsal oots 15 wide and in <ome cases bilateral (Davt 7}
ot onfy onhy vhizotom and chordotomy Lut all ather surgical approaches to
stopping anginat and other s1sceral pain take ona ness implication whenviened
agamst the hnowledge that visceral organs possess a diffose and mutuple ar
san_ement of afferent fibers reaching all or most of the theracic dorsal roots
() The third and Jast question 1s wathout the practical connotation of the
other tro Tt1s nevertheless 10 some wavs a chatlenge to cur comprehension
of the physiology of anginal pam The question 15 18 1t possible that anginsl
ard other visceral patn occurs without the nterention of nenve patbwavs®
Chemicat sub tances more especially hormonal agents m1y play a role and
perhaps also procesces that are analogous to these of electrical mduction a
commonplace w the realm of physwes On the basws of the haowledge avmlable
today we would be tempted to hold that anv pain concened to cust putside
the anatomic pathways of the nervous system m strang Wikehhood would be
ery diffuse and probably lach the sharpness and other special quahitses that
characterize focused or localized pain However this argument would havelittle

fore agamst any weight of future evidence that pat teavels by means othet
than nerve hbers

1 SaaPaTIFCTOMY

Frangoie-Francdh® reahzed that the wenvical sympathelic nemes transaut
panful impubes fram the heart nto the central nervons system and as carly
25 1899 he suggested that dinision of these nerves would stop angnal pun The
sugestion fay dormant for 1¢ years N\o one had enough wierest or courage to
Putittothetest until 1916 when Jonnesco**~**of Bucharest laterwith Gomonst
brought complete relief to some anginal sufferers by remoy g cervieal svm
pathetic gan, b and nerves rather widely on both sides Despate complications
and fatahies {six of the mne cases were lost) the feasiluisty of a surgical att; "L
on angmnal paw was demonstrated From then on vaciaus ty;vc:ci tﬂ'\“\
ssmpathectony were elborated Thesegaserebef in some cases butunfayo 1;:11
Postoperatie consequencesand a ueh mortality ratewere det, e
trist (Bruming * Damelopolu V7 happs - Kummel % § Jeth% and T {Gerts

Coffey ond Brown'* wiged that remosing 2 smaller portion olut)xer )
sympathetic sy stem and on one side would carcurmy ent these unt; vl
Thus appeated to Cutler and Levine ™ Lenche and Tontame :;\\ard xesults
and otbers e Whute! e

Danietopotu’’ s orhed out an extens,
tan hion but catting all the afferent, }i:;\::??r::‘lshmm o thestellate
the central nersous system He performed the ] ¢ card o aartic reguon 1o

PAFAlIOn I w0 stages At the

ertents toa wider
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enter the dorsil grey matter of the cord Theoretically, at least, this zone of
convergence, 1 ¢, upper White ramt wath their corresponding postertor roots,
aptly called a ‘ bottle nech” by W hite,! t would seem to be the strategic localits
of choice for the severance at one blow of neardy all cardio nortic Afferent fbers,
and « number of methods for the surgical relief of angwnal pan have, therefore
aumed at this region Unfortunately, success h1s not alw ays attended the at
tempts designed to break these pathway s at this point The fulures, we beheve,
were duc to the fact that the operations, no matter how well executed tech
mically, left mtact a number and varety of accessors afferent pathuns and
these (Chapter \I), although ordinarily of secondary significance, were able to
carry the burden of fferent conduction Tor this reason, in our opmion, even
after farly evtensne surgical excssion or obliteration of the upper white rams
or contiguous nearby nerve structures, cardio aortic pam m some patients per

<isted or undervent a change 1n quality or mtensity or penetrated into new
localities When, however, important accessory afferent pithways were pre

sumably absent or inadequate to trinsmit and register angmal pam, blocking
this  bottle nech * area frequentls was brilliantly successful

(b) The unsuccessful results from surgical mter ention raise another question

related to the first one in some ways Is the entry of all viscernl afferent sensa

tions of which 1ngmal pan 15 an example 1lway s and predommnantly hemted to
one small portion of the spinal cord, 1€, for the heart and orta the left T 1
to T 4 levels” In the case of the heart and aorta, are there exceptional eases
with 1 wider and more extensive senics of entry fibers mto the spinal cord®
(The afferent impulses carried by the v igal system into the medully and ugher
levels of the brun are not part of this discussion for the moment nor those
mpulses 1 un 1 the vagal system which may reach the supertor cervical svm

pathetic ganglon )

Important experiment il studies on other viscera bear on this query The

mvestigitions of Schrager and Ivy'® and of Davis and his collaborators -t
and particularly those of Ashkenas ® alreidy quoted in Chapter \I, mdicate
that the gallbldder for example through its splanchmic mnenation sends
afferent fibers mnto all or nearly all the thoracic postenior roots of the nght side
and into a large number on the left side also This signhies that nearly all (for
practical purposes we may s1y all) the thoracic segments of the spmal cord are
bilateral recipients of visceral 1fferent impulses ( onsequently the destruction
of upper thoracic white ram or upper dorsal roots would still permut the entry

of visceral afferent impulses mto the spinal cord through mtact lower thoracic
dorsal raots and the reverse would alse be true namcly upper roots ¥ ould
function if the lower were destroyed Thus chamn of events Ashhenaz® duphcated
expenmentally and, with sound logic he suggested that partial rluzom:l)

(L ocrster,® Lehmann,® Wartenberg") or chordotomy (I ocrster and Gage™),
performed ata selective level of the cord were open to the crilicism that extrd

pnal afferent fibers 1n the sy mpathetic trunk were left unharmed to tthe over
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Amethod propﬂ;ed by Raney® nterrupts the communication to the neuraxs
by suegery mstead of alcohol block He severed the ram: communicantes 2
and the sympathenic trunk betseen Jerels Th 5 and 6 on the feft side Rehel
from pa was stuling he claimed

(offey and Brows® obtatned rehief of anginal pam by extising just the su
penor cenvical ganghon Ther book cites eight cases with death n two and
mentions other I estigators who teported on this comparatuely sumple pro-
cedure (Bacon ? Holmes @ Kerr' & Lambert# Marvin *% Yortensent-%)
Sirce the superiar cardiac nert e 15 1ot hnown to contain afferent hbers (Fdg
sorth® Huber s Ranson® Ranson and Bsllingsley 9 Holmes and Ranson
Langley1) the relief obtamed by removing the superor cers scal panglion
of cutting s nerve was explamed (Ranson and Bilimgsier Langlev Holmes
aod Ranson Dantelopofu Kerr) on the basis of evening efferent constrictor
fibers to the cotonary vessels thereby freemng the ves ¢ls from a constant con
st xetor mfloence (Coffes and Brown) But there 15 doubt of the existence of
such constrictor fibers 1 the supenior cardiac nerve and even if nterrupted
bilz exalls other efferent fibers would stll be left undistorbed 1n the muddle
wleror and postenor sympathetic catdiac nerves

Cutting the muddle cardiac nerv ealone 1n an unsats factory attack becavse the
rerie is inconstant angd shen present contains a comparatinely himited number
of efferent or afferent fibers Diiding the infertor cardiac nenve alone 15 also
open 1o cnutistn {p 68) since there 1s doubt of s coromary constrictor furc
tion However since the middle wferior and posterjor carduc nemves contain
afferent cardiosensory fibers severng the afferent nerves s indicated if the

oal 15 wnterruption of afferent pathways which cotney am to the nevraus
Feept p the case of the postersor cardiac neres the imtecruption 15 better
camned out by cutting the white ramaat Th 1 10 3

2 FATRPATION OF THE STELLATE Gaveliow

Lenchet bebeved thst paim in the heatt may be produced by reflet from the
stellate ganplion and he brought rehef by mjecting a lacel anesthetic mio the
£25gltm ot exturpating 1t But before him Jonnesco advocated its removaf as
4 means of suppressing pamful impuises from the heart <coronary vessels and
the aorta Jonnesco s physiologe basis for ablatran of the ganglion was onen
o objections In the first place although afferent fibers s ould no Ionger t e
ot pain from the coronary Vessels the ves. els would st be sub, c:g ta :a “s-l
constriction »ith resyMtant pun 19 the second place the erady c:lmo (283
ganghon needlesshv mutdated a Jarge numbes of unpertant efferen e o
celerators to the heart adjustors of meatng nd prlomatar acts : l\e‘:\cs ar
tishs and head region vegulators of the ins and the muscle of ‘? the upper
opola' protested aganst mdiscaminate wyury 1 these efforent uller Dangel
stressed the danger especially after hilateral stetlate ganglio tl: nerves angd he
the heart of Wsaccelerator control and lea: g prey l:: l;‘\ec omy of rabibung

0 the Lrcheched hyper
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first, which was sometimes alone sufficent to alleviate and prevent anginal
pan, he severed the sympathetic trunk directly above the stellate ganglion
In addition, he cut the communicating rami from this ganglon to the sisth
seventh, eighth cervical and first thoracic nerves, tahing care to divide these
ramt (on both sides if necessary) ¢lose to the sptnal cord mn order to avoid 1n
Juring a similar ramus that emerges from the first thoracic component of the
stellate ganglion 1nd connects wath the second thoracic intercostal nerve, this
lower rintus occasionally carries cardio accelerator fibers He ilso divided the
vertebral nerve * The following structures were then divided at this first stage
the cervical trunk above the stellate ginglion the connections between this
ganglion 1nd the lower cervical and first thoracic nerves the descending cardine
branches from the supertor and middle cervical sympathtetic gangha and the
cervicil vagal branches, also the branches from the supertor and ferior larin
gedd nerves and those from the vagal trunk and the depressor nerve, when the
latter ests or can be found

After an mterval of time, the second stage v 1s performed if ptn recurred or
remamed unrelieved The upper cervical sympathetic trunk ncluding the
supertor and middle cervienl gangha was removed thus severing the connec
tions with the upper five cenvical nerves and m wddition the thoracic cardsac
branches of the vagus were divided Dantelopolul? stressed the care necessary
to avoid mjury to the vagus trunk and to the superior and mferior Iary ngeal
nerves, he recommended the two stage operation for the nght side if pun per
sisted after feft side interyention

This two stage procedure has been included not necessarily because w ¢ recom
mend 1t or feel 1t possesscs greater menit compared to others but rather be
cause 1t constitutes 2 realization that mnliiple 2fferent pathways which connect
the heart and aotta to the spme and bram must be interrupted While the
custence of afferent fibers has not been ¢stablished in all the structures Daniel
opolu severs the vertebral nerve for instance final judgment on this pont and
others too should be deferred until complete electro phy siologic nvestigations
have been carried out on all the nerves in question

Yates and Trewhella! ¥ culled the results of 44 authors who performed 138
neurectomues Relief was complete 1 44 S per cent, partial m 2/ per cent The
mmediate mortality was low if cases of luetic aorttis nere excluded

* According to Trancois Tranch® the vertebral nerve contains sensory fibers Langley b
howerer a close student of the sy mpatbenc system mamtamed there was 10 appreciable
nuraber of sensory fibers in the vertebral nerve and to quote his onn words, he expluned

tthe reflet mos ement nhuch T'rancos I'ranck obtained on sumulating the end of tnc Tene
passing to the Jower cenvical as due to his not hasing separated 1t from the small nerve from
the o venth (or seventh or eghth) cervical runping to the underlving longus colt musch .
Langley saw no object in sevenng this nerve 1 the hope that sensory fibers were cu; 1 “c:\:
far Danielopolu and Cino Prer * whom the former quotes 1n his book the vertchral nerve s
hardly ever included 10 83 mpathectomy lor cardinc pamn
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41 pex cent The element of great apprehension and feat mathed before op-
eration was allayed or abohshed White and Bland™ have advocated
apoes thoraac ganglonectomy for umlateral angmal pamaf the patient 1 18
onls fair condstion and bas fair cardiac reserve But af fus condition 15 better
20d the Teserve fauly good they favor bifateral laminectomy with root re
section

> Sterio or The 1 OSTERIOR Serval RooTs {Rmzoroxs)

The partiat rhizotomy performed by Foerster ™ Lehmann ® Wattenberg 1
and the allied procedure of chordotomy carned out by Toerster and Gagel
have already been alluded to also the obections rared to these procedures
(p 307} The aperaton of thizotomy section of the postenor spinal toots was
Camed by Davis® to gne complete rebief fram anginal pan for a long time
He dirided the first s1x thorate posternsor toots Although this type of =urgery
fias the obvious advantage of being carried out under direct vision thisis easily
outser hed by the hazard attached o an extensive operation 1n subjects wha
Bave as a rule myocardil and coronary artery disease The objections to
Thizotomy voiced by Ashlenaz (p 302) also are pertinent

The earfy mmpetus to neurosurgery 1 connection with anginal pain was re
sponsible fur procedures which led to poor results and even dissster Thesewere
soon modified or abandoned and two compatatnely safe methods developed

(1) cuttmg the depressor nerve and (2) alcohol block of the upper thoraae
svmpathetic gangha

6 Crrrne 1aE DEPRFSSOR \ERVE

The depressor nen e 15 wdentified in lower mammals but not in man 1 shom
s rustence as a separate strand s disputed A number of earhier wotkers be
beved thes succeeded m cutting this nerve i man and as p oof they pointed
to the citmicat relref which followed the operation The general beligf 15 that the
nene eludes recognttion Sevening the depressor nene has been studied by

Borchard  Damselopotu ¥
pinger and Hofer ™ ¥ Hofer * Jon 4 0
Odermatt % 1\ enchebach 1® ) Jomesee

7 TARsVERTERRAL Broca

At the suggestion of von Bergmann Laesen®® in 1922 performed parave:
bral block for heart pum the outcome of this atterpt 13 not Ln’w‘wn Trl:v(
Samevear Ruppis® suggested the use of novocam myection iy the neighb “
tood of the lower portion of the cervical spine  to mnterrupt sympathy i
vagal fibers which cony ey cardnic pain Brunn and Mapd) v atily e nnd
wection reported 6 cases 1 1924 408 novocam
The fullowmg year Mandi™-

s
Publshed his
and 1n his monograph of 1926 " rreuits n 16 addioomal cases

he reported on another group of .0 cases Qf
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ctraty of the vagus nenve, moreover, by obliteriting mportant fibers with
hlator action on the coronartes these \essels were deprived of their normal
lood volume The danger of leaving the heart exposed to the uncontrolled in
luence of the vagus was voiced also by Spiegel'®™ and by Braeucher! These
ears however, are notalways borne out by practical experience althoughirnity
1on or mnjury to the stellate ganglon has led to disaster

Danelopolu!? describes Leriche’s experience of sudden and mtense pulmonary
dem immedhately after mjection of the stellate ganglion Laubry and Hein
le Balsac® also recorded sudden acute pulmonary edema followed m 2 few
inutes by death while mnjecting a local anesthetic solution nto the stellrte
anglion Pletnew % had two cases that dey cloped immediate and intense crrdiac
ollapse, 2fter myecting 1lcohol into the stellate ganglion, and Pletnew cites
iricucker as having crused a similtr untoward effect These very sertous and
ighly dramatic rexctions Damelopolu attributes to 1 sudden fulure of the
ft ventricle brought on by a marked loss in the contractihity of this chamber
s 1 result of paralysis of cardiac sympathetic hibers This paralysis together
1t that of corenary vasodilators greatly reduced the blood flow to the niyo
ardium with acute myocardial msuffictency and even death 1s consequences

The relief obtuned by removing the stellate ganglion or for that matter the
upertor cervictl ganglion scemed to strengthen the concept that the conduc
on of pain from the heart to the cord may take plice ndependently of the
pmatic sensory system Spiegel'-1% proposed that sensory somatic impulses
11y play a role m mantaing the excitability of the sensory visceral elements
f the posterior horn of the cord After cutting the mtercostal nerves and the
richial plevus, thus ciusmg degencration of the somatic sensory cells of the
nnal ganglion, Spiegel and Hashimoto'” produced pun by stimulating the
wdio aortic pam fibers w the stellate ganglon

3 INTPRRUPTION OT THI POSTLRIOR CARDIAC NIRVES

These nerves or rami run directly across the postersor mediistmum from the
1, 3rd 1nd 4th sy mpathetic thoracic gangh to the eardine plexu es (huntz
1d Morchouse’?) The tibers arise from these ganghia below the stellate ganglion
1d carry vasceral afferent and efferent fibers The efferent tibers 1ct as 2¢

ssory 1ccelerntors to the heart while the afferent fibers serve as an accessory
ithway for anginal pun (g 37) These fibers are not disturbed by removing
e stellate ganglion by any ncurosurgical procedure carried out cephalad to
¢ first dorsal level Thus posterior cardiac nerves are 1ble to convey pin
to the neuraxts when the sympathetic cirdiac branches have been sev ered

4 UppiR TiORACIC PARAVERTIBRAL GANGLIONECTOMY

Lindgren and Olivecront  resected the upper four thoracic pangha including
¢ stellate for severe cardiac pam They reported on 71 patients Complete
Jief was obtained n 44 per cent and severe symptoms were made milder
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{1 per cent ‘The element of great apprel ension iund“!ca;mm;n\:) \:l?::a ?Z:l
Hlang has

mton was afsyed or sbohed White and

opper thoracac ganghontectoms for umitateral angal pan f the p:\\lcn\lJ n(\\:

o b far condition and has faur carduac reserve Bt ¥ s condition s bette

2d the reene Jauly good they faner biluteral laminectoms with 100t f¢
sectip

5 Sgeston ot ay, Posterior Sersat Roots (Rutzotow)

T parviad dhsotomny pecformed by Foerster  Lehmasna “ Wattenberg '::
208 the alued procedure of chordotomy eamed vuy by Eoerster and Gaped’
fave alieady been alluded to al:o the obections tai-ed 1o these p ocedures
(5 o7} The operation of ybizotom <ection of the postenar epnal roots was
damed by Daniy® to guee complete retref from angmal pam for a bng tive
¥ dnited the it @i thoracsc postertor toots Afthough this 1vpe of surgeny
tasthe ofvious advanta 2 of bemy carned out under direct Vision thisis easly
wowa ohad by the bazard attached to an extensi e operation 1t <ubjects who
bt as 2 vule, myocardual and coronary arten dueate The objections 10
thizotom vowed by Ashhenaz (p 302) plsn are pertinent

The early mpets 1o Teurosurgery 1n capnechion with angimal g was te
spon. ble for procedures which led to poor results and even dusaster Thesenere
07 modified ot abandoned and o comparatnely sale & ethods dmdloped

) utting rhe depresor nerve and (2) alcaiol block of the upper thoratse
Sympathetic gangha

6 Corng THE DEPRESSOR MERvE

The depreeser necve t ¢ lentified 1 {ower mammals but Bot in man 1n whom
Uy ence a5 1 separate strand 18 disputed A number of earlier wothers be
Leed ey ucceeded i cutting this netve 10 tan amd a3 proot they Jomind
e chacal selief which follaw ed the apesation The genera) belref 1 that the
ENE eludes recagmition Severing, the, depressar nerve has Leen studied by

Borcharg ¢ Danelopole ¥ Eppinger and ffofer® * Hofer @ Jonnesco #-v
Olermaatt * Y8 gnckrbach 5

T Taraverrererat ¥ Loch
N 5\\ e syz,e<tiom of <on Lergmann Laewentt yn 1923 perormend paras erte
T Huck fo heart pug the outenmse of this attempt 15 not hnowh That
AMEVOAr hay 1V e or o they eef BOVACRS “yartwn m the neyhbnt

of the lower pettian of the cervical futt toany
efrupt sympathetic and
Va7 fibers which e aves sasligr i

; et T eunsand Yandi v utdzing novocain
n);t;m Tepntted 6 cases 1924
” fqﬁrmmg year Mandi + 3¢ g3,
{uat s%ed his reaulty 62
and g b ot ot o m 16 additional e es

* be rege et e another gt of 20 cases OF
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these 20 cases, 11 were permanently improved, 7 had a “satisfactory” result 2
were flures, 1nd one died four drys after the mjection Mandl used novocam
solution and injected the Th 1 to 4 levels on the left side His work placed the
method on = firm basis

Ihe procedure was moditied by Swetlon'® 1 1926, he used strong aleohl
solution to produce degeneration of the sympathetic fibers, troducing novo-
cun beforehand as an anesthetic Ine years after hus first publication Sset
low199-10 4y ¢ hus results in 22 cases relief was obtamed n 18 patients and no
pruent died nfter injection he injected as low as the 9th dorsal root n some
mstances The alcohol method of prravertebral block was soon taken up m
this country 1nd abroad

Reports i this country appeared from Richardson and White,” Mixter and
White * I evy and Moore ™= ' Whate! 3 in 1936 stated that 1 about 70 per cent
of hus c1ces he had been able to procure permanent rehef from angwal pain
Tulures mn 30 per cent of the cases were attributed to errors in selecting suitable
cses ind to f1ulty techmie * \ group of 30 cases studied by Levy and reported
by Marun® showed considerable relief 1n 40 per cent, complete farlure 1 o0
per cent and the rest unsuccessful Publications from broad were m practical
agreement (Woodbridge ! 3 duBiose * I lathow, ? Pletnew * Ruth ' Berard™
Teriche ® Paraf and Drevius Lel oyer,® Jessen,” O'Shaugnessy® -

The Jater publications by White '1 Levy and Moore,™ Perlow,” Mandl,
Grant * and White 1nd Bland®™ provided 1 still larger basis for evaluatin,
parnertebrl nlcohol block In the mun the later results agreed with those
obtuned exrher White! * and Wlute and Smuthwich? 3 found that of 67 c1ses
with intractable angmy pectoris complete or nearly complete rehef of pam
was obtuned m 52 per cent and sy ere attacks were reduced to a mild formm
35 per cent, the unsatisfactory results amounted to 9 > per cent wnd & 7 per
cent died within two weehs of mjection The Iatter authors stated ‘i
our eperience failure to relieve precordial pun and arm pamn by this
mcthod has never been encountered m the presence of signs of effectne
paralysis of the upper thoricic sympathetic fibers 1¢, vasodilatation and sudo-
motor paralysts of the upper extremities and Horner » sign ” Horner » sigh,
according to them 1s not essential to success but piralysis of the nerses and
sweat glands of the face and upper extremities 1s essential They were able to
observe clear cut Horner s signs m less than one half of their avadable records
The patients who retamed 1 hot dry hand were permanently relieved of cardiac
pam and attacks of pamn imanably returned when the hand became mowst
withmn 1 few diys

In 2 {ollow up of available cases Levy and Moore obtuncd permanent relief
1n 47 5 per cent and some relief 1n a total of 77 5 per cent and 225 per cent

*+ The persistence of accessory flerent fibers capable of taking over afferent conductin
we believe 1s another explanation
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of the ca es had no improvement Angmal pain with radiation m a nutnber of
mstances returned later mto the identical terntory and dermatomic zone tem
porarily relived by the alcohol block Perjow in 1042 rev 1ewed a senes of 22
advanced cases that had recened no relief before parasertebral block wasn
sttuted one third of the group had constant pan He was able to get complete
relief 1n 7 cases partial relief 1n 9 and no improvement 1n 6 cases

From 192/ on Mandl™* employed novecain aswell as aleohol for para
sertebral block He published a group of 20 cases treated between 1940 and
194 of which 16 recerved novocam and alcohol at the same time Ten of the
16 were stnikingly maproved and returned to work. 2 died, and the others were
shghtly or questionably improved Mandl has continued to use novocain alone
of novocam and alcohol in paravertebral block m a large number of cises
and helieves that the \alue of the procedure 1s established The results are good
1 2bout 65 to 75 per cent of his matenal ™

White and Bland"™ found that of (5 patients treated by paras ertebral block
wjection with aleohel 56 per cent were entirely of almost completely rehened
of pamn on the side of injection about 21 per cent showed fair results & per

cent derived no adequate help and 8 per cent died as a direct result of the
procedure

FPatnological Effect of $lcohol

To throw hight upon the puzzhing recurrente of angmal pan i the same
terntory and dermatomic areas tempotanly relieved by alcohol block, Merncl ™
carefulfy i estigated the degeneration and recos ery of nene fibers following
#leobol injection mto the sympathetic trunks and gangta He used rats and
tnjected the alcohol (95 per cent) 1ato the ganglion or the ramns directly or b
the established parasertebral approach Injection into a ganglion or clase to x’t
taused a permanent bloch of all the postganghonic fibers which onginate from
1t the gangliomc cells were destroyed and after 35 days only a connectis e tissue
sar remamed Injecting alcohol into the ramus dissalved the my elin sheath
of the nerves and the continuity of the axon was disrupted In about th
month myelin regeneration could be noted a manth later iunchonu o
stored 1n the preganghonic fiber nas re

Yie came to the conclusion that alcohol njectin
temporary bloch whereas complete surgical )s:ctm: ;’::d:l:;!amus may produce
dince alcohol intiltravion of the ganghon will destroy the ccllic:fn:l:‘em ok *
homic ubers 2 permament and complete blaek of the nerves (hc Pstgans
the zorta may be accomplished by parasertebral mjection b :Dh ® heart and
{0 be the case when the ram are inyected Tn the Jagter o - CF el
the sy mpathelic NENes ma) Prove to be transient tance paralysis of

According to White 3nd Smuthwick howes,

T Cutty
eration w (R n & o5 6 of Ume recect ng the gangha . :ﬁ;l:;;;:‘,;:;:) l: folloned 1 y regen
rre
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Stle of Inyection

The site of injection 1s posteniorly and over the left upper four or five thoracic
sympathetic gangha Injection below this fevel offers no special techmeal diffi
culties, but the upper cervical gangha are naccessible For pam that 15 en
tirely or predominantly dextral the alcohol 15 mtroduced on the right side, and
m bilateral ridiitions the treatment 1s bilateral

I'wo suggestions have been proposed as aids 1n selecting the levels for treat
ment (1) a careful prelimmary survey of the epicritic and protopathic reac
tions of derm1tomic shin zones to uncover the spinal cord levels that may be
nvolved and (2) infiltration with local anesthetic solutions into selected therace
sympathetic gangla to distinguish the skin areas which recetve referred pain
from those which do not

Selection of Subject

‘The selection of suitable cases requires good clinical yjudgment and expenence
It has been stated that the most smitable cases are those of unreleved and n
tractable angmal pun with Iittle or no structural cardiovascular damage This
would narrow the usefulness of this method The method, however has not
been limited to such cases The angmnal sufferer 1s more than likely to show
cardiovascular alterations and sequelae which result from this damage Struc
tural changes, therefore, have been no strong deterrent to mnstituting para
vertebral alcohol block Neither heart muscle njury, unless recent and fresh,
congestive heart failure, nor a very restricted cardiac reserve have been con
sidered contraindications Indecd, 1t 1s 1 this type of case that reltef of pam
may be the greatest boon because surcease from pamn may protect the patient
from progressive exhaustion and so turn the tide Suffering intractable pam
these patients will submit willingly to any proffered aid for they have hittle to
lose but their unreheved torment Rheumatic activity and syphtlis are no contra
mdications

Complications

The postoperatie complications of paravertebral alcohol block are as fol
lows pneumothorax from madvertent puncturing of the pleura orlung pleurisy
or bronchopneumonia for the same reason and transient but sometimes pro
longed and troublesome intercostal alcoholic neuritis lasting weeks and months
From any of the proposed neurosurgical procedures as well as from alcohol
bloch a number of untoward results and complications have been reported
(a) Horner s syndrome, fully dev cloped about 48-72 hours after operation (b)
chnical signs and sy mptoms due to the interruption of sympathetic fibers to pe

Istructures e homolateral or blateral suppression of sweating of the

riphera ushing and

face, or the shoulder, neck, arm or pectoral region paresthestas 11
hy peremia from loss of tone of blood vessels 1n any of these are1s (this flushing
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phenomenon may fast tvo to three months) muscular weahness or atrophs of
muscles 1n these regions Increase in the <hin temperature as much as 5 degrees
F appeaning four to exght hours postoperatiyely and lasting two to three weeks,
{c) bradycardia {d) the y or the mutal apy e of nten ¢ pain,
homolateral as a rule and in any of the remons already mentioned (brachial

ventral' f‘OOIL

dorsal rool

Fio 63 —The Relat s

S of the Thoracic Sym,
Roots of S 1nal \erves at.

th,
The Same Levens 'Pathetic Ganghia to the Dorsal and \ entral

neuralgm severe pam from chewng
g) and (&) sy neo;
BIsttum ot ensations of marked cardiae “takr?tss P sesstions the ep1
The neurolognic consequences are rot duffy
the anatomc relations of the SVinpathetic

rami with respect to the s

ympathetsc gang n the white and grey

) onated cly
;md .u\\t:\or (n :ntrz\) Toots of the spinal ner ey anul:';;:‘l? ‘: ane posiezor
: (\’\Q :Epz\z:‘ :,n: o t\hes~ structures withiy she retropleurat spnc: s the xela
cty
ective t1sue The SVmpathetse €anglia and theyr mr:‘:rmundm by
are situated
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at least three quarters to one inch distant to the spinal roots and are separated
from the latter by fibers of intercostal muscle as well as by retropleural con

nective tissue Furthermore, the posterior and anterior divisions of the spinal
nerves hie within the ntervertebral foramina, and as these roots emerge to form
& common nerve trunh the nerve structures are stilf enveloped and protected
by 1 prolongation of spmal cord covering The roots, therefore, may escape
the effects of alcohol However, thisis not certan Chimeally, at least, paralysis
of arm muscles nnervated by the Th 1 and Th 2 components of the brachial
plexus 1s not encountered Intercostal muscles do not seem to be paralyzed,
but piralysis may elude ordimary chimical detection The mstillation and diffu

sionof alcohol reaches the sy mpathetic ganghaand destroys (a) the preganghonic
{myehnated) efferent fibers and the afferent fibers 1 the white ramt and (b) the
postganglionic (unmyehnated) efferent fibers in the grey rami

8 Omurr Mrrions

Two other methods have been recommended for the relief or abolition of
referred anginal pain Both methods as we hayeremarked i Chapter T, have
a common princtple, nimely, the reduction in the quantity of impulses i the
somatic afferent neuron concerned with the reference of patn The total number
of afferent moleculr charges brought to the synaptic ‘articulation ’ between
somatic and visceral afferent neurones 1s reduced sufficiently to prevent the
mamfestations of radiation or reference of pan

The first method consists in anesthetizing the shin area of ivolved derma
tomes {Wetss and Dwvis!’?) The second method ongmally tecommended by
Damelopolu and Hristide i 1922 and 1923' and agam reported by Damel
opolu' 15 aimed at the ntercostal nerves, usually the left Th 1 to Th4 These
nerves are infiltrated with a local anesthetic or alcohol or severed completely
The phystologic basis for these methods especially with regard to the second
procedure has been attacked by Spiegel and Hashimoto 17

The reflex of paroxysmal anginal pan has been treated by Rinzler
and Travell*® by local anesthetization of trigger zones 1n the pectoral muscles

When good success in relieving pamn has been achieved, one need not lament
the loss of pain as a danger signal The abolition of pamn has advantages » hich
outweigh the value of retamning pain s a warning or deterrent Morcover al
most any one manifestation as much as any other of the upheaval that results
from the mass action of the entire autonomic system, may carry thesame werght
as a danger or warmng signal 1f properly evaluated

II The Arufictal Vascularizauon of the Heart

The heart, rich 1 nutrient blood vessels 1s able n the course of years to
call upon small unused channels to help noutish the myocardiam altered by

obliterative and other vascular changes as in the aging heart The adjustment
~art muscle

betw een airculation and slowly advancing decrescent changes of b
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wsveny gradual In the face however of » =udden dnaster as for example the
occuzrente of 3 sudden occlusion of large coronary trunk the heart cannot
obtam urgently needed blood in amounts sufficient to meet the emergency
duced by the sudden deprivation of blood 1n the infarcted area The extra
coronary system which evists cannot entarge reflesty 4o transport enough blood
10 the inyured muscle It requires months and years to grow collateral coronary
channels
The extracoronary channels comprice two sets of tiny vessels One set em
bedded in the fat at thebaseof theheart 1 made up of an extensneanastomo 1§
of auncular blood v eseels and coronary twigs with pencardio-phrenic branches
of the wternal mammary arteries and the anterior mediastingl pencardil
bronchial  upetior and inferior phrenic intercostal and esophageal branches
of the aorta Despite 115 extent 1t can carry as already ndicated Litle blood
and hardly deserves to be designated as a vascular system Yet 1t may become
expanded and enlarged enough to transport farly good amounts of blood to
the myocardium Accordin,, to Hudson Montz and Wearn * this may oceur
when the coronary system 1s extensnely sclerosed
A econd group of € Y can arse 1n adh which
form between the surface of the heart and the pencardium (Mortz Hudson
2ud Organ™) ‘The heart normally ghdes smoothly within and agamnst 1s pen
curdial envelope but after pericarditss numerous blood channels appear in the
newly formed adhesions Thorel surmised that such eardio-pericardial v essels
might act as an accessory blood supply for the heart
Tt occurred to Beck and hus co workers toim estigate whether these groups of
taconsequential vessels could be vastly multiphed and expanded Ammal ex
permentation convinced them'? that these channels could be artitically de-
seloped mto an extensive collaterat vascular supply Var ous gratts wese utilized
fibrous pericardium pencardnl fat omentum brought vp thraugh a diaphrag
matic aperture orapedicleof pectoral muscle thelast held most promise Withan
about three weeks vessel i the gralt gren mto the coronary vessels These
anastomoses could be augmented when the demands upon them w ere Increased
by vanous experimental methods 1e  shutting off coronary vessels ete T
short by avarety of ingentous expenimental devices it was demonstrated th o
an estracoromary supply of sufficent size and number to function as al m;
compensatory system was possible (Beckh Tichy and Montz®)  Anast rea
m cardio-pericardial adhesions could be greatly sncreased b d! omoses
flaramaton reactions on the surface of the heart from n y Producing n
substances Titation with foreign
The essent1al aim of these 1 esp
occlusion 1» not a surgical st\mui‘sg\:’!of::u:: n:;"l"d by Beck.  Coronary
Catastrophe can be axected by a small quantty, nt;me un an indirect way
Blood supply 15 deficient T small s of bload deln ered where the
sidered as a blood bath—enough to pres, ¥ 15 meant that whach could be con
preserve iability of muscle so that st wylt




314 ANGINA PECTORIS AND MYOCARDIAL INFARCTION

remam as muscle, and to prevent ventricular fibrillation If this crists can be
passed over so that the heirt heeps on beating, then a good retrograde cir
culation can develop This small quantity of blood can be provided by surgical
methods—by graits and by inflammation on the surface of the heart The
flammatory agent that 1s best so far has been powdered asbestos This pro
duces 1 reaction of inflimmation and opens intercoronary communications ”

Apply ing the principles and methods elaborated 1n amymals to human beings
with coronary sclerosts he proceeded to increase the etracoronary channels,
ordinanly small and msigmificant and lying in the fat at the base of the heart
and mn cardiopericardial adhesions, and to establish a new and adequate arterial
or arteriolar supply for the heart The procedure was in some respects simular,
as he himself pointed out, to the operation on the omentum for I er cirrhosis
(Talma Morrison) except that artertal and not venous anastomoses were In
volved

The epicardium of the heart was removed to permut grafts to come wnto di
rect contact with the coronary vessels The pericardium was roughened to en
able the pericardial fat recenving 1ts blood supply from extracardral sources to
grow onto the myocrrdium He used Inter powdered beef bone on the surfice
of the heart to induce a low grade inflammatory retction between the heart
surface 1nd the grafts on the heart and for a graft he fashioned 1 pedicle from
the left pectoralis mijor muscle The local use of pracaimne directly to the heart
proved valuable, and dranage of the mflammation 1nto the left pleural cavity
was mdispensable Patients were considered suitable for operation if the heart
had suffered 2 diminution 1n blood supply from occlusiye coronary diserse and
if protracted medical measures had been of no avail to dimmish the disability
or the severe symptoms Congestive heart failure was a contrundication

Feil and Bech ¢ reported that of thirteen patients followed for five months
or longer postoperatively three were frec of pam, required no drugs and had
acquired an increased effort tolerance, mne had less pain no mcretse m eflort
tolerance and needed medication from time to time, one patient exhibited some
relief of pain and very shght increase in effort tolerance All thirteen had bene
fited to some degree at least from the operation An interesting feature was
the marked emotional reaction with which operated subjects extotled the bene
fits of the operation Suteen patients were hiving ind mmne dewd eight suc
cumbing one weeh after operation These statistics however should be ap
praised with the critical observation that winle 50 per cent of the first tuelve
opertted cascs were fata] only 154 per cent of the subsequent thurteen cases
died, and the last mine consecutn e cases showed no mortahity

More recently, Bech has attempted to revasculanize the heart by comverting
the coronary sinus into an arter® , dogs were used \fter higating the coronin
sinus he anastomosed nto 1t a tributary of the aorta the carotd artery per
forming an end to end or side to side anastomosis He also employed m some
instances, a graft of vein or artery as a connecting channel between the 2orta
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and the coronary sinus Atterilization of the coronary sinus made 1 posssble
10}ieate 2 ma)ot coromary artery in thedog 1th little or no mortabity and wath
\itke ot no mfarction ¥ ostoperatne thrombosis d not mternene, as a rule

Bech carned out arteriaiization of the coronan sinis in & 4> year old man
with angna pectors who was almest totally meapatitated 2 segment of the
left brachual actery was used for a graft Although the anastomosis Was suceess
fol remaming patent e en after death the patient succumbed after twenty
four hours from a fresh ma otardia) nfarction Bech has since trsed the pro-
tedure on fout other patients®

Althou,h arteralization of the coronary sinus seems to be feasible 1 dogs
everal important questions have been raised thecehaveas ital sigmificance in
connection with human subjects For example what are the meowdence and dan
gemsof postoperatn e thromboss s hatisthe optumal effectis e blood flow throuzh
the new channel and how can the flow be controlled 15 the venous dramage
from the v ocardium defetesiously disturbed what will be the exentual re«ult
of an arterion enous fistula placed 5o clo € to the heart?

About the time when Beck made his irst report on experimental revascular
uzation of the heart O Shaugnessy et al ™~** turned to the same problem de
seloping vascutar conneclions beiw een the heatt muscle and evtratardiae ves
stls b the tollowing measures (a) producing cardio-pencardil adheston by
the itrapencardial mntroduction of a stenle alenronat paste (b) placing a
peducled omental graft 1n the pencardial sac and stmulating the production of
adhestons betw een the omentur and heart with aleuronat () gralting omentum
to the outer surface of the pencardm after producing cardio-pericardial ad
hesions In two cases at least collateral communications bets een the lang and
the coronan cuculation were established by grafung a lobe of lung 1o the myo-
c2rdum The climcal impros ement by these procedures was notable Of fifieen
patients sith angina pectorts ten lost thewr angnal svmptoms and were ahle
to return to prontable work Of fne cardiac patients without angina one died
25 a result of operation and one of the remaining four becare symptom free

Thompson® produced 4 succes ful collateral airculation m dogs by introduc
hm,, E\m!e tale {in drous magneswm silicate) nto the penicardial sac With Rais-

och he recorded'™ the results on thirteen patents four died two showed

::;:iem: ard seven marked unprovement Thompson later  stated the re

andsl:e‘w gml:‘d 1o excellent 1n more thav «0 per cent of a group of 38 patients
our the results were )

s s 2 Iess than 33 per cent improverent and therefore
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Pulmonars blood flon seloaity 284
Pulmonar tirculation 30 91
acute coronary msufficency 30
embolzation 33
piimonary blood pressure 31 66
sinus receptors, 31
Pulmonary disturbances, 33
Pulmonary edema acute 33 281 7
Pulmonary emboh 21 38
Pulmonary mtermttent claudication 221
Pulmorary manifestations (see Angina pec
torg}
Pulmonary {lexus 165
Pulmonocoronary reflex 3§
Pulsus alternans myocardial miarction 2%
kY

Purgauves 286
Punne drugs 294

Qumdine 278 283

Radiation reference {se¢ Pan Anpnal pan
Relerred anginal pain)
Rad cular (see Pasn Anpinal pain Reletred
anginal pam)
Reveplors (sinuses)
2orue 9>
aroud 97
bulmona + 31
Referred anginal pain
abdomen 211
accessors afferent fiters (car 1 saorticy 203
ace ssory afferent vagal fiber 203
accessry afferent ceral fhey 190
anesthesia 199
at phy of muscles 218
2t p cal dianon 268 216
auncuiat A sanch vagus 13 0
tulateral 201
tracelet d stnbuvon 216
trachal pi xus 200
bursa ybacromal 117
cepbal ¢ distril ution 203
cery cal aflerent fbers 203

cens calnenses (15t and %nd) transunssion
woea 207

e
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el nerve 3nd 20
charactensucs 216
chulung of skin 218
common reference X0
cotnroon temtory of dicinbut »n 191
eranal nerve distnbunon 203-208
fifth nerve 204
minth nene 704
seventh nerve 204
tenth nerve 196 204 (see Vague)
dermatomes, 194
duftuse 201 21y
hstnbunon 194
cophatc 203
Jorsal gangha 147 183 190 190 240
dorsal roots {see 4 vead ganghia)
duodenum 208
efferent fhers, transmsson ntn hea | 204
emotional component 213
galiblad ler 213115
glove | ke distnbution 21€
Herpes Zoster 218
intercostal nerves, 197
mtraspinal convergence 15
wntraspinal med atiom 185
Jan 200 206 207 7
left bceps 216
left shoulder 208 210 216
mechamsm 19>
mediation §95-199 24D
nech distnbution 216
neurosurgery 300
noncardiovascular viscers 211
pectaral muscle 200
pestoral region 216
pelvis 208
phren cnery 222
POlences can) a¢ ame 203
Ppostoperatne stump 713
mycho<o natic shsor fers 268
mlanons, arypeat M8
rad cular 297
rectum 217
referen es by hirectiona) 213
residual effects 217
nghtsded 21,
srotum 217
shoulder 209-210
amstrahity 216
tes of ongm 194
OMILC nerves 196 197
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Pain—Cont
coronary vessel ligatton 236
dermatomic 198
disposition heredity 248
environment and teawming 249
equivalents’ 26
hereditary factors 248
holfow organs 233
hyposensitive group 251
ntenuficabon 240
mtensity 243 245
localization 26
hervous apparatus 245
non anginal 8
median nerve distnbution 223
musculo cutaneous nerve distnbution
223
rachal nerve distnlbution 223
shaulder 223
simulations 221
ulnar nerve distribution 223
pain fibers 239
pathway for pain 225
pencardal 24 274
physiology 233
psychology 243
pulmonary embolism 38
quality 245 246
race factor 248
radiation 17 {see Anginal pun)
radiation reversal 252
solid organs 233
somatic 197
splanchnic 197
subjective mamfestations 249
substitutes 26
tramang 249
transmussion 239
Tancreatic disease 212
Tantopon 274
Lapavenine 2/2 283 290
reflex coronary vasoconstriction 37
Taracentests 29
T arasy mpathetic (cholinergie) 2 74 48
1 arasy mpathetic mnersations 133
bronchial 71
cardrac pacemaher 71
cardiomhibitory 94
cephalic 69
cotonary T4 9%
general effects 41

ANGINA PECTORIS AND MYOCARDIAL INFARCTION

hepatic ven 9>
penpheral 69
pulmonary 69
visceral 69
Larasympathetic mamlestations
wardiovascular 3
depressor 35
exhaustion 35
gastrointestinal 38
hemaptyses 38
prostration 35
reflex coronary constriction 37
resprratory changes 37
shockh 34
Parathormone duretic 293
Paravertebral alcohol block 307
complications 310
contraindications 310
Horner s syndrome 308 310
selection of cases 310
site of mjection 310
Peptic ulcer interbran 212 213
Pencardius 225 283 289
Peripheral vascular features 32
Petrosal ganglion 160
Petrosal nerve deep 160
small deep 160
Tharsn,eal nerve 172 181
Tharyngeal plexus 180 181
Tharynx constriction 39
Phrenic nerve anastomosts with supenar
sympathetic cardiac nerve 22>
Pulomotor effects 20 23 34
Putuitars extract diuretic 294
Pyuntary gland 160
Prtmtnin 112
Tosterior sympathetic cardie nerves 148
203 306
Postganghonic fibers 156
Potassium chloride 293
Potassium mitrate 293
Preganglionic fibers 156
Prastigmin 286
Trostration 35
Psychic features angina pectonss 18 24
Dsychogerue disturbances 18 19 2H 290
I sychosomatic cardiac desorders 255 261
1utonomic activities 26
autonamic mass 1ction 237
conversion hysteria 236 264
emotiont] reactions 256



SUBJECT M\DEX

lead 22%
leukernnas 229
lung discase 275
menopause 29
metals 228
migrame 230
myalgas 222
myxedema 229
nech 22>
neuralgas 224
neuntis 223
cervical nb 223
nutntional disorders 277
ecclusion aorta or tntutanes 26
osteomyel tis 272
patosvemal dsorders of cardiac thythm
26
pectoral remon 222
peluic disarders 226
pencardial affections 225
phlebitis lasge thoraqc veins 22>
Ravnand s disease 230
rheumatc heart disease 226
houtfer egon 271
spondalius, 224
sternal disorders 221
sternum 221
sternum arthnts 221
stomach perforation acute 226
synngomelia 224
tachvcardia  entricular 226
th taoe cond honsy 22>
tobacco 228
tomic states 227
trapezius 272
upper extremity 222
ureter ohstruct on 226
Simulavons  ngna pectons (see Chapter
N1 glso Simulauons angmal pam)
Swulat ns myacaidal wlarcuon 221
“inuses (see Receptors)
Sok wninref X 62 205 206 (see axon reflex)
S mac afferent fibers 18y
Spasm o ta 234
© 1 nary vessels 37 204 235 236 300
Spast ¢ phenomena 281
b no palatine ganglion 160
Syinal accessory nerve 172
St al nenves 139 140
postenor divisions 147
5 mothalamic tract 150 160

33

Spurochetes in heant mosele %90

S lanchno-peryf heral tatance 301

Stellate ganghion angnal pam 200 239
removal 302

Stokes \dams syn frome 2 ) 2%0

Sir phanthin 276 277

Suben locar hal plesus 165

Syt mantlary ganglion 160

Substantia gelaynosa Rolan 150 18> 1%

"
Sudden Jeath 6 12 24 2 ¥
Superfictal cardsac plezus 149 157 163
Supenor larvngeal nerve 172
connectin with sympatheties 181
Superior cardiac sympathetie Rerve connec
tion with phrenic nenve 225
Supenior carlac svmpathetic nerve and
ranghon 143-146 (see Chapter \\ 11}
Surmeal treatment 300
depressat nerve cut 30
parasertet ral block 30,
posten T cardiac nerves intetrug 1ed 306
thizotomy (postenor {inal racts) 307
tharacic gangha reme ve ) 306
Swcating 34 64 28
cholinergic character 64
Sympatheuc (a trenergc) 2 19 23 63
Sympathectomy 303
Sympathetic card ac innervation
(Chapter VIT) 137
afferent cardioacrive 152
afferent sympathetic car hac flers 149
ansa Vienssens 145
carduac flexuses 163
cardioaori¢ efferent 153
cephalic sympathetic (efferent) 161
conneciims wath vagus 120
effecent sympathetic caclac 153
bypothalamic cardiac fhers 166
postenor sympathetic fibers 148 203 306
pulmonary plexuses 165
Valenune snerve 145 157
veetetral plexus 151
Wiisberg eard ac pinghon 163
Sympathetc an parasy mpathetic
nastomoses 170 1,6 118 130 181
angnal pan 137
Sympathin 74
Symaptic artculauon 312
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Referred anginal pun—Cont
spasm of throat 207
spinal accessory neeve 208
spinothalamic tract 19,
stomach 208
stump postoperative 211
subacromual bursa 217
substantin gelatinosa Rolandu 185 190
196 199
sympathetic nerse
nervous system)
sympathetic pathways (see Autenomic
nervous system)
synaptic Junctions commeon 217
tenth (vagus) nerve head 204 207
testis 218
thyroidectomy 207
thyroid plexus 207
tooth canous 21{
trapezius muscle 20/ 289
ulnar distribution 223
umbilicus 217
uncommon distnbution 192 193 201
vagal afferent route 196
vagal motor nerves palate pharvny tra
chea esophagus lungs 20/
vagal nerves 196
vagal sensory nerves (0 pharvax 20/
vagus pathway 207
vertebral plexus 203
wisceral afferent fibers spinal entry 214
warmng signal 24 233 289
white rami 144 148 190 191 203
Referred nonanginal pain 214 221
Refler axon 62
Bamnbndge 102
coranary constriction 37 283
coranary pulmonary 5%
coranary vessels 37
Iabyrinth 103
Lovén 0
McDowall 102
penpheral 103
pharynx 39
Snellen 90
Sohowmn 62 20>
vagal coronary constniction 36 283
venous intrinsic 102
Rheumatic heart disease 226
Rhuzotomy 307
Right rec\irrcnt laryngeal nerve 169 1¢4

196 {sez Autonomc
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Rutter Valli reaction 207
Roots dorsal (see Dorsal roots)

Salt free diet 201 292
Salt restriction 290 291
Semlunar ginghon Vih nerve 160
Simulations wnginal pan 2°1
abdonunal disorders 226
acute gallbladder disease 276
adrenahn 229
anemias 229
aorta ancurysm 22>
aorta distended 225
aortic ancurysm dissecting 275
aortic regurgitation 225
aortic ing dilated 225
zortils luetica 2%
arseme 278
arterioy enous anastomosts 225
asphyen 229
auricltr fibnllation 226
auriculxr flutter 226
auncular tachycardia 226
brachal neuntis 223 274
biliary duct disease 230
bowel obstruction 226
caffene 229
cardiovascular conditions
nonangnous 22>
cervical rib neunitis 223
arculatory neurasthensa 231
deltord 222
diabetes meihtus 230
diaphragm affections 221
diaphragm hermation 22>
ducdenal perforation acute 726
emotional states 230
encephahitis 230
endocrne disorders 229
esophagetl hermation 223 224 277
face 22>
gastralgia 221
gout 221 223 230
Graves discise 229
head 22>
Herpes Zoster 218 222
hyperchlorhydria 221
infarction organs other thin heart 26
subn 279
intermttent  claudication in pulmonary

vessel 221 225
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Syncope 17 2%
carotud sinus 99
Syphihs 296

Tachyearda 28 29 278 279
Temperature regulations 19 68 71
Tenth cranial nerve (vagus) 37 69 16Y-180
‘Thalamos 81 243
Therapeutic paradox ' (W.le), 297
Thiomenn 293
Thorauc branches 1agal 144
Thoracic nerves 130
Thrombongittis obliterans 228
Thyrod plexus 175 148 180
Thyrod diretic 294
Tobacco 277
Todesgefuh! 18
Tourmquets 230G
in shock 248
Treatment 271
acute heart fallure 284
angina pectons (coronry 1nsufficiency s
acute episodes 271
angina pectoris pam 272
carciovascular syphihis 220
chronic states 283
congestive heart faulure 290
churetics 292
dyspnea 289
gastrointestinal compheations 28> 286
nsomnta 287
metabolic disorders 295
morplune 272 273 274
myocardial infarction acute 272
anticoagulant therapy 82
arrhythmas 278
blood pressure change 280
cardiovaseular compheations 281 292
pam 2¢d
shock 276
spastie phenomena 281
nausea 286

pamn 288
pulmonary edema 294
peychic disturhances 290
sweating 237

Tympinic plevus 160

Umhilicus anginal pun referred 217
Urea, 292

Vagal cardiac supply 169

depressor nerve 140 192 183
Vagal connections 176-1/%
Vagal efferent ncurons 71 169
Vagal mentngeal branch dura mater 1,2
Vagal nucla sec Nucleus 169 141 172
Vagal trunk 169-174

gugh 169 142
Vagus nerve 169 141 1,0 207
Valentine s nerve 146 163

fourth sy mpathetrc cervical 136 164
Vascularization (artificial) heart 312
\asomotor disturbances 35 36 3¢ 280
Yenescctton 234
Venous refletes 102
Ventricular farllure 35 36 284
Ventricular fibntlation 36 3/ 2/9 250
Veotriculae standstull 2/9 280
\entricular trchycardn 2,9
Vertebral nerve 304
Vertign 20 242 281
Visceral affrent nerves 18%
Visceral nfferent prthway  muibple 212
A\ rsceral pain abolished 303
\tscero pannctlir refler 213
Tual capacits anocacdinl dimage 29

Water metibolsm 112
White ranm 144 14/ 188 191 203
Wnsberg ganglon 163

Yannmg 28






