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FOREWORD

HE Graduate Forcrught has been a featured annual event in the edu-
Tcztmml program of The New York Academy of Modicine for the
past rwenty -four vears

The Formught was first proposed m February 1927 by the lxce Dr.
Ludwig Kast, a member of the Commuttce on Medical Educanon of the
Academy He suggested that 2 two-week peniod be devoted annually
10 2 general review of progress m a subject of speeral current nterest.

In recent vears this symposiurn has included 2 series of twenty Tvee
ning Lectures, four Mormng Panel Discussions, twenty Afeernoon
Hospiral Chirucs, and a Scientific Exhube.

Thus volume. the second of the published serses. presents the colleeted
papers of the everung programs of the Twenty-fourth Graduate Fort
mght of The New York Academy of Medicine which was held October
8 t0 19, 1951, on the subject, “Disorders of the Circulatory System ™

Gratefol acknow ledgment 15 due The Macrullan Company for its co-
operation and helpful advice and 1o Miss Dianc Joffe of the Academy
suaff for edional assistance in the preparation of this valume

The Lduor
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ADDRESS OF \\'ELCOMF
The Twenty-fourth Graduate Fortuight*

WILLIAM BARCLAY PARSONS
Prestdent, The New York Academy of A fediemne

1S @ privtlege and pleasure to welcome all of you on bci}qlf of The
New York Academy of Medicme to the first session of its twenty-
fourth Graduste Forrught, which tow is officully opencd.

Twice befare, 1n 1931 and 1n 1941, certain aspects of diseasc of the
arculatory system formed the bastc subjece matter for discussion. The
Comimuteee 1 charge of arranging the program for this Fortmght decided
that there have been sufficient advances durmg the past ten years 1o make
 atrost mandatory to take the Disorders of the Circutatory System as
the subject matter for discussion

The Academy welcomes the collaboration of the New York Heart
Assocration 1n this Graduate Fortmght As you can see from the program
wts President, Dr. Iving § Wnght, and Vice President, Dr. Charles A.
Poindexter, have been active members of the man Commuttee and have

bured greatly in the prey of the program  All the members
of the Commuttee have done a magmuficent job, and we owe them a heart-
felt vote of thanks In particular we should mention Dr.Wilham Dock,

who as Chartman of the whole Commuttee, worked out the program and
saw 1o 1t that the vanous sub

leted their
Dr Afred Angnst, who has planned and exceured the Exhbit, and
Dr Clarence de la Chapelle, who has arranged the Panel Discussions.
To Dr Mahlon Ashford, who has resigned after many years of service
as Execunve Secretary of the Committee on Medical Tducanion, we owe
an especial debt of gratrude His has been the guding hand that over

* Presented Ocxober 8, 1951, at the
Yok Acaderny of Medicine

Tith Graduate Forrmght of The New
o






PREFACE

HE New York Academy of Mediaine devores us best efforts to
Tprcs:ﬂtmg chinses and auth ive lectures on an imp aspect
of medieme for one fortight each auramn, The cardiovascular systemas
re-examined on this occasion about every ten years. In 1951 the liveliest
topics were those dealing wath biock 1 aspects of pathog: and
surgical methods of trearment.

The commuttee 1 charge of this program can only express its deep
gratinude to all those who participated 1n this presentation, and to the
Fellows of the Academy and to the members of The New York Heart
Assocratton whose advice and help were so generously given.

Many of the contnbutions require the careful study and digestion
which can only come from reading, even though the personal presentation
was stmulating and enlightening For those who were present, and for
many others, this book has been prepared We believe 1t 15 a sound and

detailed discussion of this field of medicine, which will be vajuable to
all who pracuice medscine.

Wit Docw, M D.
Professor of Medicine, State Unuser-
sty of New York, College of Medi-
ane, Chairman, Gradusre Fortmight
Commttee, The New York Academy
of Mcdicme



iii ADDRESS OF WLLCOME

the years has made these Graduate Fortnights such outstanding successes.
Although behind the scertes, quiet and unobrrusive, his organizing gentus
has simplified the dutics of the voluntcer committees, and 1 fecl sure tha
cach one of them agrees with me. Our thanks are duc to our friends here
n town who will deltver papers, hold demonstrations, or have prepared
exhibits. Lastly I thank on behalf of the Academy our visitors from out
of town: Drs. Blumgare, Gofman, Szent-Gyorgyi, Devter, Stead, Karz,
Page, Duryce, Kossmann, and Hunter, who have come from North, West,
and South to make their coneributions for our interest and education in
those subjects in which they are admittedly masters.

The program for the evening mectings covers metabolism, chemistry,
physmlcgy. surgery, radiology, psychiatry, and therapeuties The clini-
cal meetings 1n vartaus hospitals will cover a wide ficld of subjects, and
the exhibits here n the Academy do not fall short of the excellence of
previous years.We are surc thar the menu which is in your hands indi-
cates thar a highly nutritious mental repast has been prepared for your
enjoyment. 1 therefore wish you “Bon appetit.”
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Chapter 1

THE ROLE OF THE CONNECTIVE TISSUE
IN DISEASES OF
THE CARDIOVASCULAR SYSTEM*

Paul Klemperert

ONNECTIVE TISSUE fundamenrally parncipates in the construc~
C ion of the cardiovascular system. It 1s cbvious that in 2 discussion
of morbid states of this system serious consideration must be given to the
role played by the connecuve ussue. For mstnce the valvular de-
formunes characteristac of chromsc theumatic heart disease, or the intimal
changes of artcriosclerosis, are the result of 2n abnormal overproduction
of connecuve nissue substance. Textbooks refer to inflammation as the
cause of the former, to metabolic disturbances as effective in the latter.
But such general pathologie explanations give no account of the intrmsic
biologic and chemical mechanisms whuch operate to produce an increase
of connecnve nssue subs An und ding of the ular
alterations must rest upon a comprehension of the basic factors which are
responsible for the imbalance of growth of the connective tissue, which
means that mrerest in diseases of the cardiovascular system necessitates
a consideration of the connective nissue problem.

What is the problem® Divested of all the secondary quesnons of cellu-
lanion, which have attracted the atrennen of brologists for more than 2
century, 1t 15 the relatonship between the cells and the intercellolar sub-
stances The problem did not ewst before the discovery of the conneetse
tissue cell by Schwann (1), because previous wnvesngators (Haller) had
considered the fiber 25 the only el The r i
of ™o or more components, cells, fibers, and a hcmogcncou; ter-
mediate substance, necessanly led to the question of their genetie re-

* Presented October 19, 1951, Vew
vob R ber 19, 1951, at the 24ch Gradoate Formght of The New

rom the Department of Pathology, Mount Sinzt Hospiral, New York, N Y.
gopFrom the Depame . ospinal, New York, N Y.
U P JEraas from the Life fasurance Medical Reseatch Fond and the

1



2 DISORDERS OF THE CIRCULATORY SYSTEM

lationship. While Schwann (1) and Henle (2) believed that cells and
intercellular substances develop from a formless, mucoeid cytoblastema,
the ancestral form of the living substance, Reichert and Virchow (3)
proposed the primacy of cells. Schwann (1) assumed that fibers develop
in the connective tissuc dircctly from the cells, while Henle (2) believed
that the residual original cytoblastema also gave rise ta fiber formanon.
Recichert and Virchow (3) maintained that the cells alone can form fibers,
though not by a transformation of the eytoplasm but through the form:-
tion of a sceretion which subscquently undergoes fibrillation. Accord-
ingly Virchow (3) postulated thar the intercellular substances were not
endowed with vital acavity. Schwann’s (1) and especially Henle’s ()
original theory is today of lustorical mterest only because the idea of 2
primordial formless cytoblastema became untenable with the discovery
of cellular division as the umiversal form of organic development, clinched
by the famous pronouncement of Virchow (4) ommis cellul ¢ cellult
However, the belief in an independence of the interecllular substanees
from formation by local cells, to which Henle (2) subscribed though
based on an erroncous conception, retaned its validity and has been sup
ported by subsequent mvestigations. In face, the orgin and source of the
sntermeduate substances of the connective tissue seems to me to be one of
the most crucial problems of modern pathology.

Contemporary mvestigations of the connective ussue were dominated
by Virchow’s doctrine of the primary importance of the cells, and the
wtermedrate substances were stripped of biologic stgmificance, Only
the cells were capable of irriration, of metabolism, and of reproduction.
According to Virchow, they were endowed not only with a great power
of proliferation but also capable of almost unmiverssl transformation.
They formed a sore of germunal layer which gave nise to all the cells of
the inflammatory terntory and to many ncoplasms. While dus exag-
gerated importance of the cells of the connective tissue was successfully
challenged by Cohnheim (5) and s school and by Thicrsch (6), Wal-
deyer (7), and others, the mtercellular substances continued to cxst 0
thetr neglected role as a materal formed for the one purpose only, to fill
in and to support the nobler clements of the human body. Only Stricker
and Grawitz tried to give biologie dignity to the intercellular substances
by proposing that they could revert to 'ccnnccnvc tlssu? cells This
h)vporhcﬂs takes its origin from Schultze’s and Flemming’s (8) belicfs



CONNECTIVE TISSUF 3

hat vhe connective tissue fber is not the product of a secretion of lr_hc con;'
aectiwe ussue cell (the later fibroblast) but of 3 transformation o p.\’rlxh (35
s eytoplasm, which Hansen (9) subscquently called the cc(r:[:hsﬂ.l- ;f
theory guned more and more theaugh the p e
Studnicka (10) and Wassermann (1), Ty was l‘{‘“"‘“‘“‘ by u}’“"‘. a2
1mto the interpreration of pathologic states ‘aﬂ'mmg the connectivetissuc,

feally fox the expl of ferosis. Ac?onh.ng 10 this
theory, the eytoplasm of the cells of the mescnchyme primarily form an
\nterconnected syncymum The pennuclear cytoplasm, rcfcmd to as
endoplasm, 1s the metaboleally most active part from whichinits \'unhfr
Jevelopment an outer layer, the ceroplasm, becomes demateated. This
merabobeally less actiwe outet tayee of the undivided eyroplasauc syn-
cytum 15 formed nto the ¢ lular ground sut of the
thesenchyme and develops fibers The fibnllar dsfferentiation 15 to be
considered a5 & vical, structure-formng process because the ectoplasm s
sull endowed with some, though reduced. virabty. Cells and Abers ro-
mawm genencally umted and represent the hiving matter in sts torahiy.
This concepe of che relanon berseen cells and exeracellalar substances
15 based upon investiganons of human embryonal and adule connective
assue supplemented by studies of lower forms of amimals.

The alternauve theory regards the tntercellular substances as a seere-
cory product of the connective nissue cells, As mermoned before, dus
concepr ongmated with Virchow, was fully accepted by Koclliher and
subscquent 1nvestigators, and 15 sull recogmzed by the maponey of
tustologists (Stearns) (13) Viechow (3) was aware of the ectaplasm
theory, first promulgated by Schideze It 15 of mare than historical inter-
est o sefer to his statements 1o tefuranon He beheved that the discussion
whether fibers ongmate from cellular scerenon or from 3 meramor-
phosed cvioplasm was only an acadermc argument "*Because the con-
copr of a secretion of the imtercelfular substance rakes i also for granted,
tha TE seeretory product ongimally was contatned within thecell . | .
and .. nobody has yer demonstested that the cortical layer of the
conncenve pssue corpuscles 15 actually transformed 1o wtercellular
substance,” One can add that converscl y no treefucable proof has yet been
supphied ewther for a seeretion of the ntercellular substances by the con-
vectne tissue oells This state of our information makes 1t necessary not
1o neglect the ongmal ides of Schovann 1) and Henle (2), who thought
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lationship. While Schwann (1) and Henle (2) believed that cells and
intercellular substances develop from a formless, mucoid cytoblastems,
the ancestral form of the living substance, Reichert and Virchow (3)
proposed the primacy of cclls. Schwann (1) assumed that fibers develop
n the connective tissue directly from the cells, while Henle (2) believed
that the restdual original cytoblastema also gave risc to fiber formation
Reichert and Virchow (3) maintained that the cells alone can form fibers,
though not by a transformation of the cytoplasm but through the forma-
tion of a secretion which subsequently undergoes fibrillation. Accord-
ingly Virchow (3) postulated that the intercellular substances were not
endowed with vital activity. Schwann’s (1) and especially Henles @
oniginal theory is today of historical interest only because the ide2 of2
primordial formless cytoblasterna became t ble with the discovery
of cellular diviston as the untversal form of organic development, chinched
by the famous pronouncement of Virchow (4) omms cellul ¢ ccllult.
However, the belicf 1n an independence of the mtercellular substances
from formation by local cells, to which Henle (2) subscribed though
based on an crroneous conception, retamed tes validity and has been sup-
ported by subsequent nvestigations. In fact, the origm and source of the
mntermediate substances of the connective tissue seems to me to be one of
the most crucial problems of modern pathology

Contemporary mvestigations of the connecuve nissue were domunated
by Virchow's doctrine of the primary importance of the cells, and the
intermediate substances were stripped of biologic significance. Only
the cells were capable of irnitation, of metabolism, and of reproduction
According to Virchow, they were endowed not only with a great power
of prolferation but also capable of almost universal transformation.
They formed a sort of germmal layer which gave rise to all the cells of
the sflammatory ternitory and to many ncoplasms While this exag-
gerated smporeance of the cells of the connective ussuce was successfully
challenged by Cohnheim (5) and his school and by Thiersch (6), Wal-
deyer (7), and others, the ntercellular subseances continued to exist 1n
their neglected role as a matenal formed for the one purpose only, to fill
in and to support the nobler clements of the human body Only Strickee
and Grawitz tried to give biologic dignity to the ntercellular substances
by proposing that they could revert to conncetive tissuc cells. 'Ijhis
hypothesis takes its origin from Schultze's and Flemming's (8) beliefs
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by cells of mesenchymal derivation. Nageotte (20) i his clasvical book
categonically dened the ongin of the collagen fibers from fibroblasts.
Acc:mimg to lus opimon they are formed by precipanen from the
albuminoids of the milicu meernal of Clavde Bernard, i. e, from fhc e
versal body flnds That fibers can develop from a colloidal medium un-
der the 1nfluence of mechamical forces had already been shown by von
Ebner. It remained for Nageotte (21) to demonstratc that collagen fibers
can be precipiated from a cell-and fiber-free acid solution of collagen by
nenrralizanion or 2ddinion of sale, His observations were confirmed and
further expanded by Huzella (22) and his associates, who showed that
fiber formation from a homogencous solunon of collagen is under the
exclusive control of physicochermical forces. In ingemous in vitro expert-
ments he succeeded m producing fiber frameworks whose architecture
sumulated that of various organs and nssues of the hving organism. These
aruticaal Rber systems coul be populated by bringing them n contace
with fving heterogencous cells in nssuc cultures. F O Schrmiee and fus
associates (23) could show that the fibers precipstated from an aad solu-
non of tat tail eolfagen have the characrerisuc periodicity of collagen
fibers under the electron microscope Tn recent expenments (Highberger,
Gross, and Schmut) (24) 1t was demonstrated that through 1nteraction
of pro-collagen and plasma coflagen fibers ate produced.
Therefore there 1s evidence that collagen fibers can develop without the
mterventon of speaific cells Nageotre (20) and Huzella (22) deny the
custence of 2 generic relanonshp berween intermediate substances and
connective tissue cells and mantain that the matersal necessary for their
formanon 13 derived from the ssue flmds which 1 tum recewve their
contributions from the merabolism of the ennre body Wile this con-
:Znon hﬁs':\o‘t been proven it 15 well to remember that the formation of

b by the fibroblasts has never been unequiv-
ocalty demonstrated escher. In the present ncertamy it seems advisable

to refrain from the premarure tnterprerauion that quanticative or qualira~

wve abnormaby of the ntermediary substances of the conneenve ussue
wvanably denotes abnosmaliry of the fbroblase.

'lr 15 for the same reason that | prefer the term
(Kiemperer, Pollack, and Baehr) (25) with all s a
1o the appatenly conciser term TONNCCIIVE Ussue o
Suh us cellular pathologic connotation The tes

‘collagen disease™
dmitted nadequacy,
mesenchymal discase
tm “collagen disease™
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of deposition of intermediate substances independent of connective tissue
cells. Baitsell (14) was the first to usc the dynamic method of tissie
culture for the mmvesugation of fiber formation and came ta the starthing
concluston that collagen fibers can be formed swithout the interaction of
fibroblasts. Because he postulated a transformation of fibrin into collagen
fiiers and because the newly formed fibers were not resistanc to trypsin
digestion, Baitsell's far-reaching conclusions were generally not ac-
cepted. However, the belief 1n an extracellular formation of collagen
fibers found forceful support by the investigations of Maximow (15) and
his school and a great number of subsequent students of tissue culrures
Therr conclusions were finally clinched by the studies of Porter and
Vanamce (16), who showed thar the fibers formed 1n cultures of fibro-
blasts of different vertebrare spectes showed characteristic pcriodicuy
under the electron microscope and that they resisted trypsin dlgcstion-
Yet even these brillant results of i witro experiments have not solved
the fundamental connective ussuc problem. The relationship between
fibroblasts and intermediate substances of the connective tissue in vivois
still obscure because we do not yet know cnough about the 1nteraction
between cell and medwm m vitro. Porter (17) 1n recent, not yet pub-
lished, studies found that fibroblasts cultured n protain-frec Loche’s
solution can form fibers, but that fiber formation 1s accelerated and aug-
mented vpon addition of plasma The question 1s raised again as to the
relattve importance of the Iving cell and the lifcless ground substance of
the nissue culeure This 1 the firse problem which undethes the riddle of
the discases charactenzed by abnormaltties of the connective nissue. In
vitro experiments seem to leave no doubt that fibroblast and collagen fiber
formatton are mtimately bound together. Accepted school doctrine postu-
lates the same for the living orgamsm. Yet there arc facts, not so widely
known, which contradict the conventional belicf of an exclusive genene
rehtionshup between the mesenchymal cell and collagen fiber. Von
Ebner (18) as long ago as 1896 demonstrated that collagen fibers develop
in the notochord sheath of lower fish withour the presence of mesen-
chymal cells. Reed and Rudall (19) demonstrated the presence of fibers
with the characteristic x-tay diffraction pateern of collagen within the
ectoderm of the carthw orm, although they did not show the periodicity
under the, electron microscope. These disclosures indicate that the m1-

terial necessaty for collagen fiber formation 1s not supplied exclustvely
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were digested by trypsin. This proved firse that shey were °,( proteine
mature bux not 1dentical with collagen. I Ler years Dr. Fcl'lc‘b?‘g of
our Physics Laboratory by » ide angle v-ray dxﬁ‘rﬂ}mon cu.m.mcd endo-
caudial vegetauions m this disease which, we believed, qug|ml= from
incravatvolar fibunowd deposics. It was shown that they did not contan
collagen, the x-ray dhffraction pattern was dhar of a mixture of protemns
bur not charactenstc. Recens invesngations, carried out by Drs. Gueft
and Laufer (32) at Mownt Sinas, and the Fairfield Srare Hospiral, have
thrown hight upon the origin and nature of the fbrinod suberanes de-
possted within the wall of glomerdlar capillaries and of arteries, These
studies 100k their ongm from our old observations (33) of hyaline
dhreommbs ssithn the glomerular eapiflary fumen and our recent analysis
of the hemarotyln bodies (34) Tt was noted that some of the homogene-
ous eosimophihc plags showed smudged particles sraned with hema-
toxyhn, These parucles were Feulgen posipve and could therefore be
dentified as desoxynbose nucleic acid Tt was thus suggested that they
were the remnants of 2 progressive depolymenzanon of the DNA and
thar the major part of the hyaline thrombi consisted of the protem moiery
of the nucleoprorein. In order 10 test these deductions appropriate histo-
chermical determinauons were carned out. The hyatine thrombs and wire
toops are digested by trypom, they are Millon posive, strongly ab-
sorbing the light of a mercury vapor lamp of 3650 A wave length This
proves the presence of tyrosin protein The non-h pro-
text 15 such a compound. According to White (35) fustone stans strongly
with orange G sf submerged 1n 2 myvture of ambine blue and orange G at
pH 3 The hyaline thrombr and wire Ioops stam selectrvely yellow under
such ciscumstances. The resulrs of the histochemicat studies therefore
support the assumporan that the hyalme thrombt are the products of 2
of nucl

of which the hematoxylin
er phase. Since the wire foops stain wenncally
with the by shine thromby wirhin the captilary bumen the concluston secms
yustified thar they consist of the same matenial which bas wmpregmated
the basement membrane The fibrinoid of larger vessels 15 uncronally
sdenueat wah that of the glomerular capillaries and is ahways mn led
sich hematoxyhn-stamed bodues, lts chemical nature mdyori 'ngam
thetefore most ikely the same. The conclusion 1s then w arramg:d that
the vascular fbnnod in systemmic lopus erythematosus 18 the product of

Prog
bodics represent an early
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was originally proposed beeause pathologic-anatomic observations had
convinced us that in certain maladies generalized alterattons of the inter-
cellular substances were the striking morphologic features and therefore
of pathogenctic significance. Rheumatic fever belonged to this group,
as well as polyartenitis nodosa among the discases of the cardiovascular
system (Klinge) (26) Bur our attention was drawn to the incereellular
substances of the connective nissue by istologic nvesugations of
systemic lupus crythematosus (27). Because cardiovascular alterations
are very common m this discase it might be permissible to refer to ob-
servations m this malady to 1llustrate the role of the connective tissue in
cardiovascular diseases. We were first impressed by \\'idcsprCJd fibn
nod alterations of this tissue and, according to prevailing opinion, we
considered them as an alteration of the collagen fibers. This was er-
roncous and 1n subsequent reports 1 have avoided reference to the col-
lagen fibers as the scat of the connecuve tissuc alreration My own ob-
servations agree with che findings of Altshuler and Angevine (28) dhat
the fibrinoid matenial is deposited between the collagen fibers within the
ground substance Fibrinotd conncetive tssue damage has been promi-
nently featured by Khnge as 2 significant lesion n theumanc fever. In
fact 1t has been singled out by him for s pathogenette mrerpretation.
The occutrence of stmilar connecnve ussue changes i hypersensitive
ammals led him to the biologic-anatomic synthesis that maladies ana-
tormucally distingusshed by fibrinord connective nssue damage were of
allergic background. Tiis hypothesis has found widest acceptance all
over the world, 1t has been championed by Rich (29) 1n this country.
We did not agree with the sweepmg gencralization | have repeatedly
detarled the reasons for our disagreement (30) Bur one of the reasons
which 1 should like to emphasize was my doube n the weniey of the
matermals called fibnnoid which were found m so many heterogencous
discases. In 1947 1n a lecture (31) ar thus Academy I concluded that st
sull scems necessary to inquire whether the apparent identey of fibrinoid
collagen i such heterogencous situattons mighe not be a delusion ™

It is generally agreed upon that fibrinoid connective ussue change 1s
one of the conspicuous features of the pathologic-anatomic preture of
systemic lupus erythematosus. For years I have attempted to idennfy
this material. In 1941 we (27) demonstrared that the glomerular wire
loops and the hyalne thrombt within their Jumen which stamn idenuically
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were digeseed by wypsin This proved first that they were 0{ plrbocxtmlc‘
auure but got dentical with collagen. In fater years Dr. Fﬂ.m g o
our Physics Laboratory by wide angle <-ray dlﬁ'r{cncn cx{n{med endo-
cardal vegeranons m this discase which, we belicved, origitate from
intravatvolar fibnnoid deposits. It was shown that the?' did mor contm
collagen, the ray diffraction patrern was thar of a mivure of proteins
bu not ¢t 1c Recent igations, tarned ou by Drs. Gueft
and Laufer (32) at Mount Sy, and the Faisfield State Hospiral, have
thrown hight upon the angin and navre of the fibrinond substance de-
posited wittun the wall of glomerular capiilaries and of arteties. Th?sc
stadies took therr ongin from our old ohservatons (33) of hyaline
theombt within the glotmerular capillary Jumen and our recent analysis
of the hematoylin bodses (34). It was noted that some of the homogene-
ous cosimophihic plugs showed smudged particles stamed with hema-
totyhn These parnicles were Feulgen posive and could therefore be
dentificd as desoxymibose mucheic acid. bt was thus suggested that they
were the rernants of 2 progressive depolymetization of the DNA and
that the maor part of the hyalte thrombi conststed of the protein mocty
of the nucleoprotein In order 10 test these deducrions appropriate hisro-
chemical determinations were carned out, The hyaline chrombi and wire
loops are digested by trypsin, they are Millon positive, strongly ab-
sorbing the hight of a mercury vapor lamp of 3650 A wave length This
proves the presence of tyrosta g protein. The non-h pro-
tewss such 2 compound. Acvording to White (35) histone stains strongly
wieh orange G of submerged 10 2 myxrure of ambine blue and orange G at
pH 3. The hyafine thrombs and wise loops stamn selecavely yellow under
such awrcumstances. The results of the histochemical studies therefore
suppore the assemption that the hyalme thrombs are the products of 2

degrad of nuck of which the hematoxyhn

sare foops stain dentically
with the hyalime thrombs withis the capillary lumen the conclusion seems

yosufied chat they consise of vhe same matentad which has impregnared
the basement membrane. The fbraod of larger vessels 13 nncrorially
tdennica) wath that of she glomerular capitianes and 12 always mingled
Wit hematoxylm-staned bodies Ies chermcal narure and ongin ase
therefore most hikely the same The conelusion 15 then warranted that
the vasealar fibrinod i systemmc lupus erythematosus 1s the product of

¥
bodies represent an eathier phase Since the
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the peenliar disturbance of nuclerc acid metabolism which is, according
w onr studies, speaific for the malady.

These observauons further indicare that the cotnective tissue changes,
commonly designated as fibrinod, must nor be considered to be of denti-
cal nature. It is evident that the fbrinoid alteration in systemic lupus
erythematosus, which 15 the product of a pathogenetic mechanism specific
of the malady, cannot be identified with fibrinoid connective tissoe
changes in other discases i which this mechanism is abseat, although the
madequacy of our conventional histopatholagic technique and method of
mvestigation  suggests similanty. The popular gencralizanon that
fibninoxd alterarions of conncetive ussue denote hypersensivity 1s chal-
lenged by our observations just as much as the more recent generaliza
von of a hyalinosis or collagen disease syndrome due to hormanal -
balance

In my miroductory remarks I have referred to the uncertainty which
sull prevails m regard to the problem of the ongin and source of the
mrermeduate substances of the normal connective ussue., The fibrinoid
substance plays an imporrant role i the pathologic-anatomic definition
of the so-called collagen discascs, and many of the maladies which con
be included 1 this collective group are characrenzed by cardiovaseulat
mmphcation. Fibrinoid cerrainly 15 an abnormal component of the meer-
medhate substances of the conncctive ussue. Its detivation from collagen
fibers has become very doubtful mdeed. One of the principal results of
our recent studies of systemic lupus erythematosus is not only the recog-
miton of its specific nature i this discase but also that it 1s derrved from
degradation products of nucleopratens which are eirculating within the
blood. This relation between abnormal constitucnts of the blood plasma
and vascular conncenve uissue changes seems to me of more general
sigmficance and worthy of further mvesnganons.
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Chaprer 2

CONTRACTION IN THE HEART
MUSCLE FIBER*

A. Szem-Gyorgyit

USCLE has two functions 1t shortens and creares tension. The
two functions are, i their essence, but one, because one and the
same change will produce contraction or tension according to conditions.
1fthe ends of the system are free, it shortens. 1f they are fixed, they de-
vclop tenston. Tension means that the contraction would occur with a
certain force.
In order to create a system which could do all this Nature had ta solve
a number of problems of malecular engineering which we will discuss in
suceesston
In order to buld a system which can shorten, Nature had to use thin
andlong proten parncles Thin and fong particles always tend to fold up,
thus shorten, espectally 1f they are very small and are exposed ro the
bombardment of water molecules moved by heat-agmavion. The thread-
like, very thin and long protemn particles, out of which Narure has burke
the contractile matter, 1s “myosin.”
if the myosin parucle tends to fold up anyw ay then the first question
we have to answer 35 not how 1t shorrens but what heeps it straight i
fosting muscle There must be repulsive forces which repel, so to say.
one end of the particle from the other Such repulsive forces are always
electric confombic charges. The myosm molecule generates tts charges
by disocration Like other protems, 1t has dissocsating acdic and
athaiime groups On dissoctanion the acwhe £roups acquite a negative,
the alkaline groups a posmve charge. The number of acidic groups 15
ok Acadum o Nt 2 e 24 Genduz Pormgh of The New
* Director, Laboratary, The Insntote for Mascl:

R
Buslogral Liborstory, Woods Holt, Masachesene |+ %t e Manne
1
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shghily greater than thar of the atkaline ones, and consequently the
myosin molecule has a negative net-charge.

This negative net-charge repels other equally charged protein parickes
Looking, however, closer into these relanions we find that it is notthi
ner negative charge which keeps other parucles away. The negtiv
charges are balanced by postive K+ ions which surround the pamde
They would actually remam in the closest proximity to the mgni\clj
charged parncle, would heat-agitation not drive them away, as 3 win
whirls up dust It cannor drive them away altogether because this isnc
permitted by the electric atraction. The end resule is that the myow
parnicle 15 surrounded by 2 cloud of posinve K4- jons, thus 1 posiuvc!)'
charged atmosphere, and 1f another myosn particle approsches it wilt
be these posinvely charged atmospheres which meet first and repel ane
another, and thus keep the myosin n solunion This atmosphere willafso
have the tendency to expand because the positive tons 1n st repel one 200
other. The end result will be that not only other particles are kept away
bur the parucles will be kept straighr, extended.

How strongly this posive tomic atmosphere will repel other similer
structures depends cinefly on two factors. Fitst: the number of charges:
The number of positive charges in this armosphere 15 equal to the numbet
of the net negauve charges of the particle wself. Second - che thickness of
this posinve iomic layer. If the Kuons ger very close to the parucle then
this lawer's neganve charges neutralize this outward effect. The ionic
armosphere will sull be there and keep the partiele straight bue will not
repel other parnicles any more, which now can approach the myostt
particle. Collosdal particles atways tend to approach and stick together
owing to the Van der Waals cohesive forces and so, 1f coulombic re-
pulsions do ot drive them apart, they approach, stick together, and the
final result 1s the formation of flocculi which rapidly serele to the bottom,
t.e , precipieate.

{ am not losing my way in watricacies of collowdal chemstry, These
problems are most important for the contraction of the muscle fiber, be it
heart or body muscle. This will be evident 1f we discuss the second prob-
lem of molecular engncering Nature had to solve when creatng the
muscle In resting muscle the myosin particle had to be kepr straght,
and we have seen how this 1s done. The next problem s how this particle
can be made to contract not at a moment’s but at a thousandth second’s
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nouce How can all these charges be taken away within sigm?i’ There
1s ane method known to all of y ou by which a protem can e discharged,
that 15 procipitated (since precipitation 18 the expression of f“d‘ dis-
crarge), ond this 18 by adduwg another specifically bult protein, 2 pre-
apion Natre heeps 1n muscle such a precipin for myosin. “This pro-
tem has been discovered in my laboratory and is called actin, W an acum
and 2 myosin particle meet in presence of a physiological salt concentia-
non they wte to 2 complex actomyosin which becomes gmnly dis-
charged. This discharge is a very involved process and the ions of the
sohmon are involved m the reaction too. Here we are mrerested only in
the end result The trick, applied thus by Nature, by which it produces
the sudden folding of the myosin paticle 2t 2 sigma’s notice 15 ta heep
another proteim, actin, at its side. The two proreins, in resting musele,
are separated by those repulsive forces we discussed before. The re-
pulsive and auracuve farces are carefully balanced, so to say, at the
razar's edge. This batince 15 disturbed by the wave of depolatization
which travels afong the membrane and 1s called by physiologists “exar-
tation ™ As 2 consequence of this disturbance actin and myosin get to-
gether and interact

The next problem which had 1o be solved concems energy-relations-
haw to make these nto a pov erful machine. 1 our muscle lifts a weighe
1t does work If a system does outside work st has to Jose 2n equivalent
amount of energy zself s frec-cnergy content decseases 1f 2 grear
araune of work has 1o be donie, 35 15 the case m muscle, the system must
losea great amount of fece energy There must be thus a great difference
n the encrgy-content of the two states of actomyosin, the uncontracred,
restung, high-energy state and the contracted low-cnergy state. Myosin
1self, together wich acun, s unable vo produce two such stares with suck
2 ‘%rc:r difference m energy-content Accordingly the contracuan of
:{ wl; anmyq_s;_n 15 capable 1s very poor, the dfsthzrgc very incomplere,
- comes ATP into the picrare, that amazing substance which 1s in
d cA center of clnll-h‘[e aad (ts energy changes Muscle contams ATP
L in refatively high ft1s lnbed o

the myosin by adsorptio

Tt is actually not myosin which unites with
een, but 2 myosn-ATP complex 1f thus complex urutes with 2cun to

:t‘t“mnyo:m-:\’l‘l’ Wegetanew substance which bas two possible states,
which differ greatly i energy content and physical appearance. The one




14 DISORDLRS OF THE CIRCULATORY SYSTEM

state is stmilar 1o the ATP-free actomyosin, with straight and hughly
charged particles swhile in the other state the particles are completely
discharged, maximally folded. This state contains much less frce energy.
Every physical system tends <o go into the stare in which it contains the
least energy, so if this actomyosin-ATF 15 formed m muscle ander the
mftucnce of excrtation it spontancousty goes aver into 115 energy-poor
contracted state. The loss of encrgy can be used to lift 2 weight, do work,
or develop tension,

Now comes the last engincering problem which concerns refaxation,
the return of the system mto its ongmal resting state.

The first law of thermodynaraics tells us that, m retation to caergy
we cannor get something for nothing So of the muscle has done work,
has spent frec energy i 1ts contraction, st cannot feturm 1o it§ high-
encrgy resting state without paying for the expense, that is to say, with-
our hberating an equivalent amount of chemucal, bound encrgy. This
problem 15 solved by Nature by smugghng. so to say, energy into the
ATP molecule When the ATP molecule 15 constructed and 1ts phos-
phate groups are linked tagether, energy has to be mvested to establish
such hinks, This energy 1s released agasn when the bk 15 sphe. The
myosin has the abihity to split chus link, act as ATP-ase, and release the
chermcal bound energy which puts the cnergy-balance right, makes
debit and eredir side of the account tally agam

From the pont of view of muscular contraction the metabolic ap-
paratus is nothing but a factory for ATP or more precisely a factary of
high-cnergy-phosphare bonds. The metabole apparatus releases the
cnergy of foodstuffs and makes out of it ATP or some other form of high~
energy-phasphate to replace by 1t the high-energy-phosphate hinks split
m muscular contraction

You have cereainly nonced I menuoned tonts at every turn, They play
an important role in all happenings 1t as the mrracellular 1omic ae-
mosphere which deaides the charges, the balance of repulsive and at-
tracuve forces, cquilibrium-distances, the trend of actin and myosin to
p:m' or 1o get together, and, last but not teast, decrdes also the tension
developed 1n contraction—the development of tension, bemg also wnu-
mately conneered with the distribution of charges, 1s governed by ions,
1t follows without saying thic the regulation of the intraceltular sonie

armosphere is one of the most IMPOTant points in cell-life. At the same
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tume 1t s one of the most dsfficult problems. What makes it so difficule
15 the fact that this atmosphere cannot be kept constant, for 1t changes
when the fiber is working, Every contraction, thus every h“v"b““'
dssturbs 1t At rest there 15 2 high K-concencration and a Jow .\:.-con'
cenuration snside the fiber. Here, inside the fiber, the K-ions are linked
to the protemn by electrostanc astracnons. The mcmbmn‘c wself s im-
permesble w Na When the wave of exatemenr depolarizes the mem-
brane, the membane becomes permeable to all 1ons and at the same time
the charge-system of actomyosmn collapses, which causes the K-ions
to become entirely free They can now diffuse away through the de-
polanzed membrane according to the geadient of their concentration, and
the cell loses porassium Tn the next mstany, however, the membrane 15
recharged, bt meanwhile he fiber has lost K and we have 2 new 1onte
tabance wside with Jess K. Tt tales time uneil the onginal batance is re-
established The nexe contractian, 1f 1t follows soon, finds a changed
1ame balance The cell 1s thus faced with the problem how to build s
actomyosin should this actomyosin be constructed i such 2 way as to
be capable of exerting sts maximal tension at the resung 1ome balance
or at the balance which 15 found immediately after contracion The
heart has to work with permanent thythmicity bear follows beat. The
tome bakance depends thus on she time-mtersal which elapsed since the
preceding one, thar 15, 1t depends on the frequency It 1s nawral, then,
that the actomyosin should be built 1 such a way that ¢ Sorks well
a1 the tome balance whach 15 found soon after a beat and should work
paccly at the batance which wilt be found afrer a Yonger pavse.
These refwons are beaunfully ¢ d by 3 ph
discovered exghty years ago by an American physiologise, Bowdich.
Bouditch, worhing on the ssolated frog hearr, found that of che heart 18
astested for some nme, say for a few seconds, the first beat after this
pause 15 weaket than the last ane preceding 1t §f a second beat was made
1o follow soon 1t was somenhat ssronger The heast thus gradualfy re-
guned s strength The gradual mcrease of the height of contraction was
S‘R““"-td up by Bowdiech under the name of “sarrcase .
centsation behind which favors contracyion If 2

fonger pause oceurs thus favarable condityen detertarates The heart ac-
cumlates too much potassium,

and the beat follow ing the fonger pause
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finds an unfavorable 1onic balance and needs a number of beats following
onc another i more rapid successton to re-establish the favorable charge-
distribution again.

Dr. Hajdu and myself studied this phenomenon some time ago. We
could fully corroborate Bowditch but also found that if we replace the
Ringer's solution 1 our cannula by scrum, we could stop the heart for
a longer period and the nexe beat after this pause was just as good 25
the last before 1t. There was no staircase or only a very mild one. We
were thus able to conclude that serum contains a substance which elimi-
nates the staircase and renders the membrane relatively impermeable
to the porassium thrown out during contraction, and enabled the heart
to mamntam the favorable condition, following contraction, for a longer
period. As chemists, naturally, we wondered what this substance 18
serum could be. We found 1t to belong to the sterols. Desoxycosterone
had such an action which seemed to have a high degree of spcciﬁcity.
Of the number of sterols tested only the closely related progesterone
had a similar action, as was found in experiments 1n which Dr. Osear
Hechter from the Worcester Insttute for Experimental Biology came
to our help We found only one other group of substances which had
a simular action, and this was the closely related group ofdxgitfflls-
Digiroxin and all the related heart glycosides produced such an ncnor.\‘
These substances are one of the best friends of man, which come to his
help when his heart begins to fail. This indicated that the stawrcase has
far-reaching pathological importance. When the heart is damaged it
scems to be unable to keep the potassium out. Whether the heart lacks
the regulating sterols which help ro keep the K out or 15 mercly unable
to bind these sterols, we do not know. What we know 1s that we can
come to 1ts help with digitalis which keeps the 1ontc balance night. X

When a heart becomes msufficient the pulse rare goes up. This is
probably the only way in which the heart can maintain a favorsble K-
balance. If 1t would beat more slowly the pauses would be too long
for the damaged permeability, and, similarly to the Bowditch expeniments
the beats would become poorer and poorer and a vicious circle would
be established. The only way out is to beat fast, et one beat follow the
other m order to keep the mtracellular [K] at the lower level. However,
by doing so the heart finds tsclf, if I may say so, between the devil and
the deep blue se * b _reducing the period of rest it has less ume for



CONTRACTION IN HEART MUSCLE FIBER 17

recovery, while by extenduog 1t it dcvclogts a dom\gmdc mlltﬂ}fcvhh i
here that the halance 15 puc ight by digicahs, \‘\hlc}\ z\lot\s 1 c c.mf
to beat slow Iy without losing its strength, This is ;jmbabl) why one o

the first symptoms of a digitalis therapy 18 the slowing of the heart face.

What happens in many pachologi {p seems to bc g

to what we see m the perfosed frog hearr the freshly isolated frog
heatt 15 well provided with the regulatory subsfmc.cs ard develops 3
high tension at all frequencies. At the point at which its membranc loses
s regulatory substances the srarease dev elops, and we have to inercase
the frequency gradually to mamrain maximal tension. E\‘tm.uz\ly .xhc
heart fails, having no tme for recovery, We can now pur things right
by digitahis which replaces the normal regulatory substances and allows
the heatt to beat sl Iy and strongly agan. Concomrant wish ins change
these 15 atso 2 change 1 the whole form of the heartbeat. 1€ we register
1t on the smoked drum, We see that the diascole develops more slowly,
the descendung stope of the curve becomes fatter. This imdicates that
actin and myosin part less readily, have a tendency to get and stay 1o-
gether, the 1omic balance having been changed in such a way 35 10 1m-
crease the mutwal attraction berween the tvo protems 1If this effeer is
exaggerated by an excessve dase of digiealis, actin and myosin will be
unsble o part at all and contracture develops.,

To conthude, bet us sum up evemts once more m therr naturat soquence.
There 15 n0 essencual diffetence bevw een heart and body musele as far 2
the mech of aselfis d There 13, however, an
essential difference 1 the mode 1 which the exatanon is generared. In
the body muscle excitation 1s produced m the nerve cndmg by Messages
coming from the central nervous system The heate musele fas no such
inncrvation and has to generate s excitation wrself This excreation, that
15, the depolarization of the membrane, 15 generated at 4 preferental
posae close to the ninus, bor every point 1s capable to do the same nn)y 22
slower rate 5o that the pace, under notmal conditions, 15 dicrared by the
sinus node The membrane 1s bt 1 such 2 way that the dcpol:ri:in
generated here becomes self-propagatory and runs chrough the “hT
Tengeh of the fiber mambrane 1 s wake the dxsmburimbof chary o
disturbed and brings actin 2nd myosin together How whe depol; o
actwlly docs this we do not know 7 Bay and myself Sho‘\lp‘c:{];‘\’:xn\;n
wave of depolanizanan produces an electric field nside the fide, F’mll:l




18 DISORDERS OF THE CIRCULATORY SYSTEM

to its axis, but we were unable to show yet conclusively that it is ths
*window field” which transmits the excitation of the membrane to
acromyosin. The membrane, however, not only produces, propagaes,
and transmits excitation: at the same rime it also regulates by its specific
permeability the intracellular ionic atmosphere which decides the whole
issuc. Once actin and myosin have united they contract with the 2id of
ATP, which by us splitting and rephosphorylation causes muscle to
relax. If the membrane 15 repolanzed, ATP rephasphorylated, we have
the same condition as we had in resung muscie and actomyosin dissoci-
ares into actm and myosin. The lateer stretches out and the muscle is at
rest agam; everything is set for a new contraction, At the side of this
machiery 15 the metabolic apparatus which replaces the split high-
energy-phosphate bonds.

In the analyses of a pathological condition the first question, which
has to be answered 15, which part of this complex machmery is out of
order? This question has nor been answered yer for most discases of
muscle tissue. The reason is evident. Our ignorance of muscle is still
very dense, and we do not know the single processes involved 1n con-
traction, sufficiently yet. So, for instance, we have practically no notion
of the chemical mechamism of excitanion, we only know that ATP
here too plays a central role. With the discovery of actin and actomy-
osm and 1ts amazing reacuions With ATP a solid basis 15 created for the
study of these problems which represent one of the newest and almost
virgin fields of scienufic inquiry.



Chapter 3

LIPID METABOLISM AND
ATHEROSCLEROSIS *

Aaron Kellnert

RTERIOSCLEROSIS has unl quite recently been regarded in (h,c
A same frame of reference as the phenomena of aging, the lnzphm
assumption being made that just as all huing creatures pass inevitably
from a period of growth and maturation 1o onc of senility and decay,
50 100 the vascular channels harden and wear out (1), Hence, the de-
generative changes 1n blood vessels came to be Joohed upon as the natural
and mevorable sequclae of hife, the price that human wssue pud for pro-
longed survival Tndeed, the acceptance of arteriosclerosts as a natural
process, suscepuible to neither remedy not prophylactic, was for many
years responsible for retarding frunful invesngations mto 1ts etiology and
pathogenests. It was not until the third and fourth decades of the present
century that 1t became mereasingly plam from chmeal, morphological,
and experimental observations that artenosclerosts consututed more than
a single morbid process, and, furthermore, that its most scrious mar-
festations were not essential concomitants of aging (1, 2) but represented
rather an acquited abnormahity, m Aschoff's words, a discase process
“superadded to the process of aging” (3) This change concept was an
important one, for it came at a time when the infectious discases had
large part been mastered and when diseases of the heare and blood vessels
wete becomng foremost among the afflicuons of mankind, and 1t was

$00n t0 have a sumulating influence on thought and etperiment 1 the
field of vascular disease

* The Ladwig Kast Lecture, presented October 8, 1951, a the 24th

Formehn of The New Yok Academy of Medigor o e G Gradusee
" From the Department of Pathology and the Gemral N
Yorh, Hospral-Comell Medical Cemr. New Yorm - roriores. The New
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Nosological and Morphological Considerations

The imperfections of nomenclature have often proved a source of con-
fuston and 1rnration m medicine, and 1o this term arreriosclerosis is no
exceprion. Comned by Lobstemn in 1833, 1t is a gencric rerm applied 1o 2
group of vascular diseases characterized morphologically by hardening
of the vessel wall, and includes such hetcrogeneous conditions as athero-
sclerosis, Monckeberg’s or medial sclerosis, arteriolosclerosts, and the
age-changes that do occur m blood vessels In addiuon to embracing a
diversity of chnical and pathological states, the term arteriosclerosis lays
undue emphasis upon the hardening aspect, a feature that is searcely an
adequate crirerion for estimating the sevenity of change wathun the artery
wall, for hardening per sc is a relatively bempgn process which pro-
duces little if any mterference with the flow of blood Thus, for cxample,
Monckeberg’s sclerosis which leads to widespread and often confluent
calcificarion of the media, parucularly sn the extrenines, rarely im-
pinges upon the caliber of the lumen unless 1t 15 complicated by other
processes. Likewise, the changes that occur with age in the wails of blood
vessels (and blood vessels Iike other ussucs are susceptible in some
measure to the ravages of ime) consist primantly of loss of elasticiey with
resultant dilation and tortuosity (4, 5), a phenomenon dhac s plaa for
all to see m the corkscrew temporal artertes exhibited by many indi-
viduals past the age of forty, and one that docs not compromuse the lumen
or embarrass the flow of blood. Atherosclerosis, on the other hand, 1
vastly more serious, for 1t 15 characterized not so much by hardening of
the vessel wall as by narrowmg or obliteration of the lumen This s an
occlusive disease that affects the nutrient vessels of the heart or brain or
Lidney, and, by progressively choling off the flow of blood, feads to
functional alteration and, all too commonly, to disabibity and death. {t s
with atherosclerosis that we will be concerned in the enswing presen-
tation

In the absence of more precise knowledge of 1ts ctiology and patho-
genesis, atheroseleross s for the present best defined 1n morphological
terms, 15 disuncnve and fundamental feature bong the presence of
seainable hipid within the lesion. The caliest recogmzable fesions of
atheroscleross, of which the farty flecks or streaks commonly present
in the aorta cven 1 childhood are a rypical example, are made up of
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small focal collections of fipid, sometimes frcc thongh usually mva':\m);
macrophages, Just beneath the cndothelium. ‘These mm;xtcl m(;m:
cushions project only shghtly wto the tumen, and offer hutle o 1:0
Tundrance 1o the flow of blaad, indeed, they may at (hlS. stage even be
ble. e 1s Ay that the endothelium overlying the area of
nmal mvolvemens ts alwost always structurally ‘mmct—'n'fact that
speaks strongly agamnst the ypothesis that mjury 10 the i 15 z.hc
primasy pathogenctic event. As the process conrinues, the lesions in-
crease progressively 1 size and pumber and often coalesce 0 form large
tipid-rich wimal plaques that gradually begin o encrozch uport the
tumen With expanston of the lesions the foam cells in their depths
undergo ecrous and disntegrate, discharging their lipd and cellutar
debns to comvert the central porton mto a soft, pulaccons mass—the
altheroma from which the entire process denves s name. In time,
secondary changes become mamifest, prominent among which are thick-
enung of the overlying endothelium, disruption of the elagtica wirth -
vasion of the medsa, fibrosts, hyatmizanon, and ealarfication. Continued
enlargement of the lesions leads evenrmally to serous diminution sn the
cahber of the lamen, especially i the relatively narrow vessels of the
heart and bram, and slowly throttles the flow of blood through these
svual chaonels Not mirequently. the flow of blood 10 arherasclerone
vessels, parniculacly m the coronary arrerres, may be halted more
abruptly by thrombosis or by hemorthage into an atheromatous area.

These larter events, however, dramane and lethal chough they be, are
but compl m the evol of ath 1

Tt 15 o the easly
and basic lesion—he infiltration of lipids 1nto the mtma—that we must

turn for clues to the secrets of this morbid process.

Biologreat and Historical Considerations

Before cxammung the factors curtently thoughe to be implhicated 1
the cavsanon of atherosclerosts, 1t would be useful n arraming perspec-
uve to touch briefly upon some fearures of the natural fustory of this
disease «One biological aspect of atherosclerosis thar deserves more

consuderation than 1t sually recerves 1s the remarhable fact thar man
1 the only mammal 1 which the disease occurs regularly to any sig-
mificant degree. To be sure, wild ammals 1n their narural habirar seldom
ke to old age ond consequently mighe not be expected to manifest
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Nosological and Morphological Considerations

The imperfections of nomenclature have often proved a source of con-
fusion and trrieation in medicine, and to this term arteriasclerosis is no
cxception. Comned by Lobstein in 1833, it 1s a generic term applied to a
group of vascular discases charactenized morphologically by hardening
of the vessel wall, and meludes such heterogencous condtions as athero-
sclerosis, Mdnckcbcrg's or medial sclerosis, artertolosclerosts, and the
age-changes that do occur in blood vessels. In addition to embracing a
diversity of chinical and pathological states, the term arteriosclerosis lays
unduc emphasis upon the hardening aspec, a feature thar 1s scarcely an
adequare critcrion for estimating the severity of change within the artery
wall, for hardening per se is a relanvely bemign process which pro-
duces little i any interference with the flow of bload. Thus, fos example,
Monckeberg's sclerosis which leads to widespread and often confluent
calorfication of the media, parucularty 1n the cverenmues, rarcly im-
pinges upon the caliber of the lumen unless 1t s complicated by other
processes. Likewise, the changes that occur with age in the walls of blood
vesscls (and blood vessels Jike other tissues are susceptible 1o same
measure to the ravages of time) consist primarily of loss of clasticity with
resultant difanon and rortuosity (4, §), a phenomenon thar 1s plam for
all to sec in the corkscrew temporal artenies exlubited by many mdi-
viduals past the age of forty, and onc that dees not compromisc the fumen
or embarrass the flow of blood Atherosclerosis, on the other hand, 1s
vastly more scrious, for it 1s characterized not so much by hardering of
the vessel wall as by narrowing or obhiteratton of the lumen. This 15 an
occlusive discase that affects the nutrient vessels of the heare or brain ot
kidacy, and, by progressively chokwmg off che flow of blood, leads to
functional alteration and, all too commonly, to disabihity and death. Je s
with atherosclerosss that we will be concerned n the enswng presen-
taton

In the absence of more precise know ledge of s ctiology and patho-
genesis, atherosclerosis 1s for the present best defined i morphological
rerms, its disunctive and fundamental fearure being the presence of
seainable lipid wathin the leston, The carhiest recogmizable lesions of
atherosclerosis, of which the fatty flecks or streaks commonly present
in the 20rea even in childhood are a typrcal example, are made up of
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enstons of modern hife contrbute heavily ro the cﬂus.:tﬁon of .:nhcr(‘»-
oclerosis. it would seem that the bulders of the pyramids werein their
wime as much 3 prey to anxedies and tensions as are the splitters of the
atom today (9} .
Tt 1s relevant to nquire whether such factors as race, age, or sexin-
fuence Taw's susceptibility to atherosclerosis. The question of racial
differenices cannat be answered definirely at the prrsent tme. Arhero-
sclerosts 15 sand to be a relanvely mild and infrequent disease amongst
certam Onieneal peoples, the Chinese and Okinawans for c‘(amplc{ and
atterapts have been made 1o correlate the ohserranon with hcredfrzry
or duetary factors, the low ¢ fon of fat and chal J ing
foods amang those peoples being the distinction mose aften stressed
(10, 11). The data, however, must be scrupnized with care, since vital
statistics In those countnes are incomplete and not enoirely reliable, and,
also, since the average Jife expectancy i those lands 15 so much shorrer
chan 1t 1s in Western countries that figures for the incidence of discases
such as atherosclerosts and cancer, which require many vcars for ther
full devclopment, are not really comparable. The evidence, therefore, for
the existenice of important ractal differences must be regarded for the
moment as not complerely convincing. The role of heredity, on the other
hand, has been well substannizred. For the extensive famuly studies of
Willinson {(12) and of Adlersberg (13) have demonstrared the cvistence
of faurly common gencical) d ab of Ipid mctabo-
lism thar are aysociated sweh the froguent and carly development of chni-

i atherosclerosss, and, comersely, it is well hnown that there arc
famslies thar are tarly long-lived and relanivel

disease

1

v frec from the

The pare plaved by age m the geness of atherosclerasis has been
mch discussed. 1t 15 now generally agreed that though atherosclerons
15 nOt a necessary resule of “the wear and tear of Wfe,” 1t 1s indirectly
related to the aging process i the sense that 1t a curnulatve and
stowly progressive discase thar becomes increasmgly mamifest wich the
passage of tine The lesions of atheroscleross are frequently encountered
carly i chuldhood and, 25 2 rule, their exrent z2nd severity become more
gromment with advancing sge Though wirtuslly 1o one 15 complorel
free from the wark, of the discase, 1t 15, nevertseless, stnhing to ol;:scrv};
on oceasion how slight may be the degree of atherosclerosis even iy
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extensive atheroselerosis. Many animals, however, have been permitted
to live their full e span in scientific Jaboratorics and zoologteal gardens;
furthermore, a great many of them have been carcfully examined post
mortem, onc of the noteworthy studies in s connection being the
10,000 autopsies performed in the Philadelphia Zoo (6). Analysis of this
post-mortem data by Herbert Fox reveals that while medial calcification
is frequently encountered in the arteries of vasous mammals, the fesions
of atherasclerosis are exceedingly rare, ndeed, clinjcally significant
atherosclerosis 15 virmally absent. Birds, on the other hand, not ifre-
quenedy do extubne considerable atherosclerosis, although the Jesions
are scldom of sufficient severity to produce symptoms or fo cause death.
This paucity of significant narurally occurnng atherosclerosts among
amsmals seands wn striking contrast to the extraordmary mcidence of the
disease 1 man, and provides a challenge for incisive thought and expern=
ment to bring to light the metabolic or perhaps cnvitonmensal factors
thar may be mvolved.

Since atherosclerosis as a serious and faral discase appears to be
Imited to the human species, the question then arises whether it 15 2
relatively new disease atracking man 1n our modern society or whether
it has been an affliction of mankind from the days of annquity. In the
case of most discases the answer to such a question would lunge upon the
wnterpretanion of a reference in Seripture or ancient fegend; 10 the case
of atherosclerosis, however, a clear answer 15 provided n one of the
most ineriguing chapeers m the lustory of medicine. Snme 40 years age
archeologists working i the valley of the Nile uncardhed hundreds of
mummics dating back more than 1500 years hefore the Chnstian cra,
and many of these were in such an excellent state of preservation, due
to the favorable mfucnces of a dry chimate and the embalmung pro-
cedures pracused by the ancrent Egyptians, char it was possible ©
remove poruons of the aorea and other major vessels and to prepare
temarkably good stological sections from them Exrensive studies of
the artersal lesions of Egyptian mummics by Rutfer (7) and by Shat-
rock (8) mahe st plasn thar atherosclerosts was a very common discase
3000 and morce years ago and that the morphologrcal characeer of the
lestons, there distributton, and sevezy differed m no way from those
seen post mortem roday. Man, it appears, has been a vietim of athero~
sclerosis for thousands of years; and of, 25 some thunk, the anvcties and
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smporrant, the production of atherosclerosis 1 animals by experimental
procedures that isturb thew hipid balance. vl

Te was appreciated by Virchow aimost a cenvary ng‘o on morpho! ‘ng‘-\
grounds that bipds are 2 p inent o of pPlagues
(16) More precse cherical studies by Windaos (17).‘ Schonheimer
(i8), and oxhers (19, 20) bave sice shown that the lcslo.ns of all’fcfo-
scleross are tich 1 cholesterol and cholesterol esters, while containing
1 addinon an admascure of other Lipids, norably phosphalipids and nc}lm\
far Tndeed, the ipid composinion of carly athesomatous plagues is so
sumitar 1o that of blood plastna as to suggest that the atheromatous Tipuds
are tn fact derived from the plasma. There was, howeter, no direct con-
firmation of this view unal quite recendly, when it was demonstrated
that radsonetive chofesterol administered 1o ammals can be detected in
the atheromateus foct (213, and, further, by studies which show that
under normal conditions the endothelum 15 permeable to 3 considerable
portion of the plasma hpids (22). The concept that plasma Lipids stream
through the endothelium and, under certain conditions to be discussed
presently, leave behind 2 farty studge 15 a basic one in present-day under-
standimg of the pachogenesis of atherosclerosis, and has been aptly and
colorfully termed the “delra theory™ (23)

Climcrans have long sensed thar there is some causal connection be-
tween Tiprd merabofism and avhesosclerosis because of the frequent ob-
servation that patients with diabetes, xanthomatosss, hypothyrodism,
and nephrosis, who edubir marhed hypercholesterolemua, are prone ta
develap severe atherosclerosis and often ar a relatively early age. Mores
over, study of selected groups of patients with coronary occlusion and
myocardial mfaretion revea) that 1n general they have blood cholesterol
o oy s o, s
than norma) Tx‘;xx:s(’(zzwiﬁ)mg;m[::\;:m:;:( fucuate berween wider
the face that the vasr 1;1; r'l( ‘f . ler - be e s ired by
sclesosss have blood ch fority of people P"csmiubly devclopmng athero-

olesterol levels that fall withm the accepted normal

range ndeed, numerous inves, g

g N gartons have becn unable to demonstrar
that an tlevated bood cholesterol Jeved s an .
dexelopmens of mherosclerosis
chofesterol, tao, has been,

essenuial pretequisite to the
{26, 27, 28}. The normal range of blood
20d 1o an extent sull 13, 2 much dcbared ques-
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extremely aged sndwviduals. The almost universal prevalence of the
discase, coupled with the fact that advanced calcified and croded lesions
are regularly encountered 1 assocration with fresh, soft, tipud-rich esions
has led to the concepr of atherosclerosis as an episodic discase (14).
Thus, at irregular intervals throughout life, if the proper conditions are
present (and they appear to be present to some extent in most of us),
clusters of lestans are formed which then slowly undergo degenerative
or perhaps even some setrogressive changes, to be followed at some
future date by a repetition of the cycle, so that at the end of hfe there is
revesled to the pathologist’s cye as an end resule the sum total of these
additive insules ro the vascular tree.

‘When compared with the male, the female of the human specices
feads a charmed life with respeer to atherosclerosis. Scrious coronary
artery discase, for example, 15 remarhably rare in fermales under age 40,
though it is noc ac all uncommon m the young male, and the deereasad
susceptibility of the female to the disease 1s mamtaned consistently
even in the later decades of hife, bue to a somewhar lesser degree. This
freedom from atherosclerosis enjoyed by females 15, of course, only 2
selative one, for they do develop atheromata that are sdentical 1n mor-
phology and Jocation to thosc scen in the male, but at cach age level
the severity of the lestons n the female, as well as the chnseal conse-
quences thereof, are distncrly less marked (15). It is only when they
suffer from disbetes or hypertension that females mamfest a degree of
atherosclerosis comparable to that of the male It may be noted, paren-

i tly, that the ad ge | { by the “weaker” sex with re-
gard to atherosclerasts 15 m large measure responsible for the face chat as
a group they can look forward to decidedly greater longevity than

males.
Lipids in Atherosclerosis

The concepe that atheroscleross 1s fundamentally a disorder of lipid
smctabolism dertves from several sources: first, the demonstration by
morphological and chemical means thae the fesions themselves contain
abundane lipid, sccond, the oft-made chnical obscrvation that discase
states charactesized by abnormally high blood lipids are frequendy as-
sociated with premature atherosclerosts, and, third, and perhaps most
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supplementary cholesterol to the diet; apd‘. subsequentlys i.(m\h\l :n.{
tus assocrates (33 produced atherosclerosis m.\h: do.g. a v::m\\v otous ani:
mal, by suppressing thyrad fonction w ith thiouracil ?nd‘zddnng choles-
cerol to the det. Furthermore. recent studies employing isoropic tracers
have demonstrated beyond doube that, herbivorous though th.cy be.
eabbits are capable of sysh and metabot large quanti of
cholesterol (21, 34). It would appear from the acenmulated evidence,
therefore, that the cholesterol-mnduced arrenal lesions i rabbits, and also
those i the chick and the dog, while pethaps no precise coumerparts of
the atherasclerosis of hurnan beings, are nevertheless so simlar as to sug-
gest the operatton of closely alled, if not idenncal, pathogenctic \‘:mox.s
Y er the mechanism whereby cholesterol fecding nduces atherosclerosis
W the evpermental animal semams undisclosed, and 3 gumber of facts
make 1t secm doubrful thar elevated blond cholesterol i3 alone responsible
for the development of the disease (35).

At thus pofit we Tst digress momentanty to sutvey the tapid ad-

sances 1n fipid chemstry made possible quite recently by the avaifabiliry
of clegant new tools and rech
1

heavy water, v¢ isorapes,
ph and the uly fuge, 10 mention bue a few It has
become apparent that chol 1, once dered 1o be ¢ iy inert

and metabohieslly inacuve, 18 an essental constituent of the mammalian
cell and za extremely active merabolite. The evadence 1s now clear that
many fissves can synthesize cholesterol both 1r vive and w vitro from
sinple and readily avarlable precursors such as acerate radeals (29, 36),
that there 15 2 surprisingly rapid inrerchange betwcen the cholesterol of
plasma and that of the hver a0d ovher nssves {29); 2nd. also, that the
orgamsm as 2 whole has merabohic facihities not alone for excrenng but
also far brealing down the cholesterol molecule (37). It is esumared
chat human beings may synthesize as much 25 1500 to 2000 mg of choles-
terol per day (29), an amount, 1t 15 worth noring, far w excess of the
erage dierary meake Similarly, evidence 1s now at hand for synthesis
a0d active metabolism of the phospholipids and farty acrds, though it
would rahe us far aficld to eatalogue in detar] these and other sy

fESSIVE
advances in liprd chemstry. i
O asea of mvesnganion, however, concemed with the question of
hipid teansport,

s germane to ovr centrat cheme, for the progress made
m thus field quekly enniched our undersranding of atherosclerosss, A
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tion, In mosc chaical Liboratories the normal figures usually cluster abour
200 mg/100 cc, though some workers regard levels up to 350 mg/106
cc as being widhn the normal span. In this connection, Gould (29) has
pointedly observed that, when compared to the very much lower levels
for blood cholesteral normally present in most animals, even a figure of
200 mg may be considered excessive, and he puts forward the disturbing
suggestion that our so-called normal figurcs may actually repeesent 2
state of chronic hypercholesterolemia.

The evidence thar atherosclerosss is causally related to a disturbance
of lipid metabolism rests m large measure upon studies of the discase
m cxperimental ammals, notably those concerned with cholesteral-
mnduced arterial fesions i rabbits, though 1 some quareers these studies
have been unthinkungly maligned and therr true sigmificance munionzed,
In 1913 Anitschkow (30) made the searthng discovery that 1f rablus are
fod 0.5 to 1 pm of cholesterol per day they sopn mamfest seriking cle-
vations of blood cholesterol, and, after some wecks, develop sanmal
lesions of the aorta and other magor artertes thar 1n morphology and
liprd content bear a remarkable resemblance to the naturally occurring
lesions encountered m human beings. To be sure, there are some dif-
ferences between the expermmentaffy induced discase w rabbies and that
seert e man; these nvolve chiefly differences in distribueton, che lesions
bemg more promunent 15 the thoracic aorta and pulmonary artery in the
rabbit, whereas i man the abdomunal aorta 15 more severely affected
and the pulmonary artery sparcd; and also the fact thar the arrenal
lesions #n the rabbir arc almost nvarably assoctated wich sustained
hypercholesterolema and arc usually preceded by the deposition of lipid
m the retsculocndothelal system and other viscera (32). The majoc
abjection to these experiments 1s based on the assumption that the rabbit
bemg a herbivorous ammal lacks merabolic facilivies to handle choles-
terol, a substance normally foreign to its dict, and, consequently, whet
this foresgn materral 1s included in the diet, 1t 1s precipitated in various
organs and blood vessels This cogent argument was utthzed cffectvely
by chose v ho fele that observattons made on atherosclerosis in rabbits
were nor transposable to the discase i human bengs. During the past
fow years, however, the ground on which tus objection was founded
has been Jargely cut away In 1942, Dauber and Katz (32) succeeded
producing acherasclerasis in the chick, an ommvorous ammal, by adding
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supplementary cholesterol to the dier, and: subsequently, !\'cnd.\ll and
tis associates (33) produced ath lerosis in the dog, 2 \ ani-
mal, by suppressing thyroid funcrion with thiouracil and~ nddm‘g choles-
terol to the dier Furthenmore, recent studes employing isotopic tracers
have demonstrated beyond doubt that, herbivorous though they be,
rabbuts are capable of synthesizing and bolizing large quantitics of
cholesterol (21, 34) It would appear from the accumulared evidence,
thercfore, thar the cholesterol-induced arteral lesions in rabbits, and also
those tn ehe chick and the dog, winfe perhaps not precise counterparts of
the atherosclerosis of human beings. are nevertheless so similar as to sug-
gest the operation of closely allied, 1f not identical, pathogenetic facrors.
Yer the mechamsm whereby cholesterol fecding induces atherosclerosis
m the expensmental animal remains undisclosed, and 2 number of facts
make ic scem doubtful thar elevated blood cholesterol1s alone responsible
for the development of the disease (35).

At this point we must diy
vances in by

gress momentanly to survey the rapd ad-
ud chemistry made possible quite recently by the avalabilry
of elegant new tools and techniques—heavy watcr, radioacuye 1sotopes,
electraph, 5 and the uler 1o mennon bur a few, It has
becomme apparent thar cholesterol, once considered to be chemically mere
and metabohically mactive, 15 an essential coastiruent of the mammatian
cell and an extremmely active merabolite. The evidence 15 now clear thar
many ussues can symhestze cholesterol both 1 v1va and n viro from

smple and seaduly 21 arlzble precursors such as acerate radicals (29, 36);
that there 13 2 surprisingly rapid mterchange berw een the cholesterol of
Plasma and thar of the hver and other tssues (293, and, also, thar the
metabalic faelines nor alone for excrenng but

that human beings may

(:\r:rl‘ pcrddxv (29), an AMmount, at ts % orth nonn, L far in excess of the
e i:“ :l’:!,\“ Lnolluke. Slmuhrly, evidence 15 now at hand for synthes;s
v : (;, axﬁsr;xdnf the phosphohpids and fatty acids, though 1t
o o ;,, ls:;mlogut tn detarl these and other mpressive

€ area of mvestiganon,
tansport. 13 germanc gy
W this field quchly enncheg

however, concerned with the
our central theme,

our undermndmg

I question of

for the progress made
of stherosclerosts A
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problem that has long perplexed chemists and biologists is the mechanism
wherchy blood plasma, essentially an aqueous medium, can mainsain in
crquisitely clear solution so large a quantity of lipid, since there are
normally in cach 100 cc of plasma some 500-800 mg of cholesterol,
cholestero} ester, phosphalipid, and neutral fac—alf compounds which
in thesr purc state arc virtually insoluble i aqueous media. Light has
recentdy been thrown on this problem by the work of Bayd (38), con-
firmed and extended by Abrens and Kunkel (39), which points 1o the
phospholipids as beng important in mamtamng the stabilicy of the
plasma lipids; these workers have demonstrated that plasma remams
clear cven at abnormally high cholesterol and neutral fat concencracians
s0 long as the phospholipids are concomitantly clevated, wheress the
emulsion 15 unstable and the plasma appears milky if the relauve phos-
pholipid content is low. Suff more recently, cettain plasma proteins have
been found to be intumately concerned mn the process. This relavonship
was firse hunted at by the magnative studies of Machcbocuf (40); it has
been enlarged and placed on a firm and quantitanve basis by investige-
tions made 1n the Jaboratorics of Tischus in Sweden (#1) and Coha in
this country (42) From these studics 1t now scems probable that the
bulk, if not all, of the plasma hipids are presene in combinatton with pro-
tem. Indeed, Oncley and lus co-workers (43) have claborated chemical
techniques for the separation of rwo hpoprotens from human plasma,
dentsfied clectrophorenically as alpha and beta globulms, which berween
themn contan almase all the plasma bpids, and, further, the beea-lipopro-
remn has been punfied and found to be soluble i aqueous media despite
the fact that it 1s composed largely of lipid How these important new
facts concerning lipsd transport bear upon the problem of atherosclerosts
will appear as we scrutimze some recent obscrvattons made on the discase
in expenimental ammals and in maa.

It has been noted by several groups of warkers (44, 45) chat 1 nogmal
rablnts the blood phosphohipid Jevel 15 usually somew hat fugher than the
cholesterol level, whereas in cholesterol-fod rablies with atherosclerosis,
this situation 15 reversed, the blood cholesterol level bemng regularly
much hgher than the phospholipid. In view of the part played by the
phospholipids 10 stabshizing the serum hpid emulsion, 1e was suggested
that thus dispanity berw cen cholesterol and phospholipid mughe be an sm-~
ctor in the development of experimental atheroscleross A

portant fa
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means of resting this hypothess beearme available when st was found that
corm surfaceactwe agents when injected i“’""?"m“ly produced,
among other things, marked and sustained ck\:‘.\nons of the blood
phospholipid content (16). Accordingly, an experiment was Pc'f‘{mcd
11 which rabbus fod a high-cholesterof diet were given cepeated intra-
venous wjcctions of the surface-active agents Tween 50 or Triton A-‘:O.
The mjeered animals developed far less atheroscletosis than did unin~
jected eontrol ammals fed the same cholesterol duet, and 1t is of Inrerest
that the degree of athesosclerasis could be coreelated with the blood
phosphohipid level, the wnjected animals had bigh phospholipid as well as
fugh cholesterol levels, tn sharp contrast to the controls m which the
cholesterol Jevels were comparably clevated but the phospholimd levels
distnetly lower (47). Similar findsags have now been reported by Duff
and bus colleagues (48). who also found that the protective cffect of
afloxan diaberes against the development of cholesterol-induced athero-
sclerosss m rabbsts, previously discos ered by them, could be correlated
with elevated phospholipid and newral fat levels (49). Moreover, the
chnical studies dealing with blood phospholipids done by Ahrens (50) n
panents with biliary obstruction, those of Gentler (51) in patients with
cncomary anery disease, 2ed dhose of Bilesx (52) m women Teveiving
escrogeme hormone therapy, though not conclusive, do suggest thae the
cholesteral-phaspholipid ratio may be a factor i the atherosclerous of
burnan bemgs as well These chmea) and expenimental findings serve to
focus ateention apon the physicochetmcal state of the Maod Lpads and
‘"}}::r;bthc‘ weerrelanions between the vanious hipids, rather than upon
solute level of the blood cholesterol, as being important determi-
nants twolved 1 the pathopenesns of athesoscleross.
lhc[)::pii:‘; :’f“ :\:::3::2 the ;:;mrt has acquired mare detarl wuh
s smomen (53, 39 g“lc:: s provocative studies of Gofman and
centsifuge found K{\l( a\‘l the majo ;S‘:dglmrx using the analynical oltra-
the form o § usn igid pronen jor ;? s 10 the serum are transported in
. d by their P “P"“P‘?;;::::ch c2nbe chatactenized and
8 n
l:;csc hipoprotein molecules, though @ffenng \l\id:l y from’l::c ,‘:;:::u:{
anather, 15 quue constant under normat conditons for ane
:ﬂ\:\ dunng prolonged periods of ame, and 15 subject :::M”l? m,d‘.
Y der, disesse, and certam drugs. While these complexes ,r::\:;:
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common in hypercholesterolemic sera, they may, and very frequendy
do, occur in the sera of patients with normal or even low cholesterol
levels. Further, these workers observed that ene portion of the speetrum
of these large lipoprotein aggregates, those classified in the Sf 10-30
category, are regularly associated with the development of esperimental
atherosclerosis 1 cholesterol-fod rabbits, and, sumilarly, the molecules in
the Sf 1220 range appear to bear a strong correlation to the develop
ment of the disease in human beings. Comparisen of 2 large group of
normals with a matched group who had suffered myocardial infarction
reveals a significantly’ greater ncidence of excessive concentrations of
these abnormal molecules m the sera of the latter group Morcover,
these workers mamtamn that the level of S 12-20 molecules i the blood
may scrve to designate, years 1n advance of 1ts chnical mantfestanions,
those who are suscepuble ta severe atherosclerosis, and may be usefo!
as a means of estimating proguosis and cvaluating therapy following
myocardial ifarction, It 15 notewarthy thae females, especally m the
early and middle-age groups, have in thetr sera far lower concentrations
of these molecules than do males, a fact which may account for their
relative freedom from clnical atherosclerasis Graham, working in
Gofman's laboratory, has recently reported (5+4) that injectron of heparin
into human bemngs and cxperimental animals brings about a dramatic
reversal toward norrmhry in the serum lipoproten prcture, and that
repeated mjecrons mto rabbuts prateet them aganst the atherosclerosis
of cholesterol feedmg. It is of terest that the effect of heparn 15 ap~
parently vnrelated to irs anticoggulane action. This smeriguing observa-
t1on, quite apart from irs possible therapeutic implications, may provide
a cloe to understanding the metabohie relations mnvolved i the formatton
of hipoproten complexes, Despite the recogmized difficulties of quanti-
raung atherosclerosts in human bengs—for acuther chmeal, rado-
gmphxc. NOT CVen post-mortei estimates are wholly relishle-—~and despiee
the acknowledged prfalls m finding an adequate congeol seres for 2
discase which 15 pracuically umversal, it must be stated chat the associa-
sion between the serum concentrarion of these farge hpoprotain molecules
and the development of severe atherosclerosis 1s wmote smpresssye than
aniy that has hitherto been demonstrated. Whether these malecules are
themselves the offending agent atherosclerosss or whether they repre-
sene an epiphenomenan, 2 reflection of 2 more ultimate csuse, remams ro
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be determuned It is nevertheless becoming increasingly clear from these
researches, and from the paraliet studies of Bx:,?tuss. and Yder (35)
using cheroscal techniques to fracuonate phasma lipoprotems, that
atherosclerons there is an underlying lipid metabohe defect, one of the
cangesranons of whach is an aberration of lipid transport & hich appears
to promote the depostion of bpd sthin the intima of blood vessels.
Artention has been drawn for  long tme to the possible sole ofdlcnr)"
factors 1 the causanon of atheroseletosis The question has froquently
e Tased whether overabundant dtet, nich i fatry and cholesterol:
bearing foods, may vot be responsible for the alarming incidence of
atherosclerons m our society. In brief, are we eating our way to athero-
sclerosts® A decisive answer to this question is not forthcoming at the
present umme The posemortem studies of Wilens (56) and the expen-
mental observations of Firstbrook (57) pomk to a correlation between
overnutrition and atherosclerosts, The level of blood cholesteral, though
firtle influenced by moderate fluctustions n the cholesterol or fat con-
tent of the diet (58), may be appreciably reduced by rigid restriction of
hoth, a5 i the nce diet (59, 60y Tris acusious fact, howeret, thacaddiion
of vegetable fat contamung no cholesterol to such a severely curtuled

diet causes 2 return of the blood cholesterol to ptevious levels, making
1t plam that el fion of chol )l

foods from the diet
15 not effective unless vhe total fat conent of the dhet 15 stnngemly re-

duced at the same nme (58, 61} It has been pertinently sad of athero-
selerosts thar if cholesterol 13 the culpni, fat1s an active accomphice (62).
Gofman has studied the effect of diet on the Iypid transport mechanism,
and he bias reporied a decrease, and on oceasion even disappearance, of
the $f 12-20 Lipaproterm moleenles from the blood of mdswiduals placed
on diets of low far and low cholestero! consent {54} Such diets have n
fact been advocated a5 having beneficial effects i atherosclerosts, though

the evidence for tis s sult quite incomplete. In connection with dierary
factors one must consuder the potroy

pic agems, especially chobmne and
wositol, which, because of d d Lgf; ?E:my o a:i’\c
Farty fiver of cortam nutnnons! deficiencies and pethaps also bc:msc

they are essennad constuzaents of the ma i

101 blood phosphohipids, have
heen advocared and widely employed i the therapy of atherosclerosis
(63) The resnles of climcal triats, howeser, are unconvincing, and the
use of these agents 1n experrmental arumals has repeatediy been found un-
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common in hypercholesterolemic sera, they may, and very frequently
do, occur in the sera of patients with normal or even low cholesterol
levels. Further, these workers obscrved that one portion of the spectrum
of these large lipoprotein aggregates, thosc classified in the S 10-10
category, arc regularly associated with the development of experimentd
atherosclerosis in cholesterol-fed rabbits, and, similarly, the moleculesin
the Sf 12-20 range appear to bear a strong correlation to the develop
ment of the discase in human beings, Comparison of a large group of
normals with a matched group who had suffered myoc:rdml infarction
reveals a significantly greater meidence of excessive concentrations of
these abniormal molecules n the scra of the latrer group Moreover,
these workers mantam that the level of Sf 12-20 molecules in the blood
may scrve to designate, ycars in advance of its clinical manifestation’
those who are susceptible to severe atherosclerosis, and may be “‘C."Ul
as 2 means of estimating prognosis and cvaluating therapy following
myocardial infarction. It 1s noteworthy that females, cspccinlly iﬂlthe
early and muddle-age groups, have in their sera far lower concentrations
of these molccules than do males, a fact which may account for thar
relative freedom from chinical atherosclerosis. Graham, working f“
Gofman’s laboratory, has recently reported (54) that mjection of ht‘P“”f‘
into human beings and esperimental animals brings about 2 dramatic
reversal toward normality n the serum lspoprotemn picture, and thJ.!
repeated injections 1nto rabbits protect them against the athcmscl.crOSlS
of cholesterol fecding. It 15 of mrerest thar the effect of heparin s
parently unrelated to sts anticoagulant action. This intrigumg obsena-
tion, quite apart from its possible therapeutsc implications, may pmwdc
a clue to understanding the metabolic relations mnvolved in the formation
of lipoprotein complexes. Despite the recogmzed difficultics of quant
rating atherosclerosis i human bemgs—for neither chmcal, Nd"o'
gmphic. nOT eVER POst-Mortem estimates are wholly reliable—and despit¢
the acknowledged pitfalls m finding an adequate control series for 3
disease which is pracncally universal. 1t must be stated that the associ
tion berween the serum concentranion of these large hipoprotein molecules
and the development of severe atheroscleross is more impressive than
any that has hitherto been demonstrated. Whether these molecules 2r¢
themnselres the offending agent m atherosclerosis or whether they repre
sent an epiphenomenon, a reflecnion of 2 more ulumare cause, remains 0
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factthathypertensives, both male and female, are parneularly susceptible
o whrrasclerosts and 1ts more setious complications (71).

“Serence,” Conant (72) has stated, “advances noe by the accumulation

ofnew facts, . but by the connnuous development of new and fruie-
fol conceprs ™ Judged by thus standard, substantial progress has been
made 1n our un ding of atherosclerosis. The h ings of the

PP
past few years, herem briefly recounted, surely attest fo the profound

sutring that 13 ow perceprible wn ¢his field Numerous tavesagators
armed with wondrous new tools are probing decply into the varal
chemuseries of nssues and cells An abundance of new faets has been
wrested from nature, and based on them there have been erected dy-
namuc and froseful concepts that bode well fot the furure snd hold much
promse for chmcian and expenimentalist As 3 result of these advanees,
the atnude of hopelessness about the disease 15 giving way to one of

quiet optmism that in atherosclerosts prevention and, indecd, even
therapy may be stramable
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successful in rawsing blood phospholipid levels or in affceting appreciably
the development or resorption of atherosclerosis (64, 65, 66, Thus,
additional clinical and experimental data are required before the role of
dret and specific dictary factors in this disease can be sccurately assessed

Lest we become so preoccupied with the chenmstry of lipids that we
lose sight of the blood vessels where the disease actually strikes, men-
o must be made of the operation of other factors which, though per-
haps ancillacy, arc nevertheless smporeant 1n a full understanding of
athcrosclerosis as a pathologseal process. ft secmms quite probable from
studies on the permeatuliry of the endothelum that there 15 a constant
flow of plasma filtrate contmnmg lipids and many other substances across
the endothelium mto the interstices of the vessel wall (67), whence they
are removed via fymphatics or vasa vasorum by mecharusms as yet us-
disclosed. Interference with these removal mechanisms may welf sccount
for the localization of atheromara at sites of wyury to the vessel (68), and
afso at pomnts of fination and branching, and, 1n Iike manner, may expliin
the propensity of syphihis 1o enfiance the sevenity of atherosclerosis i the
thoracic aorta (69). Itravascular pressure 15 unquestronably another
factor 1n the localtzanon of atheromata, lesions beng most common at
potnts of high pressure and scarce or absent where pressure 1s low. Thus,
the systenuc artersal tree 1s most vuinerable, the pulmonary circulation
distinctly less so cxcept i mstances of pulmonary hypertension, and the
vemns vircually unaffected by the disease, though, ncedless to say, the
lipid composion of the plasma s essenttally the same m all compant-
ments of the arteraal and venous channels. Thar increased blood pressure
may also augment atherosclcrosis has recently been demonstrated oY=
perumentally by Wakerhin (70). Dogs were made hypertensive by the
Goldblate techmque and then foed a diet contamming cholesterol and
duouracil, these ammals developed atherosclerosis at o strkingly ac-
celerated rate as compared with thar of normotensive controls fod the
same dict. It should be noted i dus connection that dogs with sustamed
hypertension for many years do not develop atheroscleross i the ab-
sence of the disturbed Iipid merabohism snduced by the diee The effect
of pressure 1s thought to dersve from increased filtranon through the
vessel wall, which, tf the underlying hypd defeer of atheroselerosis 18
present, serves to hasten the deposstion of ipid. It may be thar such 2
mmechanssm 1s responsible, ta parc at least, for the well-recogmized climieal
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“The Serum Lipid Factor in Atherosclerosis

T sevecal publicanons (L 2. 3, 4, 5), a group of us .h.wc dcscn@
several ipoproteins i the sesum of humans, certan (ff which }IPOPTOYQIHS
are d with att 1 * The d pi smdmsAof these
Tipoproteans now allow some sys(cmatiuliqn of hp(fpmt?m interrela-
nonstups Our present conceprs of such interrelationships wall un~
doubredt dify and evensson, but snll are usefu for

require
onentation and the planmng of farther studies. .

The lipoprotems to be found 10 haman serum are d‘“"-‘“"’zf‘i m
general by having a densiry lower than that of such serum proteins as
the albumns and globulins. Further the lipoprotems range 10 density
from those as hagh as 1 12 gm/cc to some of less than 1.0 gm/ec. We
have been studying the entire “spectrum’™ of such lipoproreins in the
effore to understand hipid transport. For cerram purposes, however, 1t
s convement (alchough asbitrary) to segregate the lipoproteins into o
major subgroups by means of a cuttng pomnt at 1,063 gm/ec. Those
irpoproteins of densiry less than 1 063 gm/ec we have referred 10 25
the “fow-density hpoproteins ** If such hipoproteins are present in a sale
solunsn of density 1 063 gm/ee, they wifl undergo floraton when placed
w an wltracentnfuga! field In the analyuc ulteacentnfuge such lipopro-
tems €30 be quantitated bath as 0 type and concentranion during the
process of floranon A ust ful mode of charactenzanon of ipoprotesns is
by use of the flotation rate 10 Svedberg unucs § (S units) under the
atbutrary condiions chosen Obwviously i a medium of depsity other
than 1063 gm ‘cc were used for ehe Alotanion process, the S rates would
be alrered, bue should be perfecrly reproducible i the new medsum.
The stdy of human serum low-densiey lipoprotems has revealed
species wath §F rates from 2 to 40,000, The SF 40,000 SPCCIes 1S more
familiarly known as the chylomucron Lindgren’s work {4, ) with these
Tipoproteins has demonstrated several discrete entines; the SE2, Sf4, Sfe,
Sf8, 10, 1%, and Sf17 lipoprotems, differing from one another 1n
shemical structure as well as m phy sical properties. Above SE17, and

* The experimental work Spon winch this talk was based 15 that of 3 yescarch

;:E;‘ :';c :f;;uz\ El::%:o‘:; “]Cén::‘,’ Frark Lmdgren, Thom:

3 135 Lyon, Beverly
am, N K Freem:
*Svedberg wne = 104 clseideigram, and the quchor



Chapter 4

DIET AND LIPOTROPIC AGENTS IN
ATHEROSCLEROSIS *

Fobn W. Gofnant

RATIONAL APPROACH to the management of atherosclerosis

and 1ts chimeal scquelae ean best be made by a delineation of those
aspects of the discase which may be accessible Two major features are
striking about atheroma formation: 1) the definitely focal character of
the lestons; and 2) the abnormality n serum lipids associated with the
development of the disease,

Unfortunarely our hnowledge of the naturc of the factors operanse
in producing the focal feature of atheroma formation 1s primnve, Until
there 1s more hight shed on this highly tmporeant problem, there 1s httle
hope of 2 therapeutic approach via the control of such factors. How-
ever, the discouraging state of our mformation concerning the basis for
varnable local vascular susccptibility to lesion formation should m no
way be allowed to prevent 2 vigorous effort to cope with the general
factors, namely, disturbed hiptd metabolism and transport, which panici-
pate in the cvolution of atherosclerosis. Whereas many investigators
may disagtee, the most plausible concept of the pathogenesis of this dis-
case 15 that certam circulating Ipids are deposited and retained i sus-
cepuble focal areas 1o produce atherosclerone lesions. The various isto-
pathologic features charactenzing the lesions may then represent the
result of secondary processes, meluding posstbly regressive changes, m
the evolutton of the mature discase 1t 1s with the general factor, the
ipid factor, that the present considerations are concerned

* The Wesley Af Carpenter Lecture, presented October 9, 1951, at the 24th
Graduate Fortmght of The New York Academy ot Medicine

+ From the Donner Laboratory of Medtcal Physics and che Radiatron Labora-
tary, Depariment of Physics, University of Cahifornia, Berheley, Californrt.

“The research upon which this talk is based was supparted in pare by the
Unreed States Pube: Health Serutce, the Atomic Pnergy Comnussion, and the
Lederle Laboratories Dis tsion of the Amerscan Cyanammd Company
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i ts, even when all of them are prescnt.'Thls fact
:f:okpcrso:: l:i‘i';z:‘(ﬁx::mdlc( the level of a particular hy\opml:m: ‘l‘)mr; :
measgrement of total fipoprotein Tevel ('nr toral cholme‘ml resxri}/.sf;
example, one individual may charactenstically show a Fatio of ol
twice as hagh as another, even :\mug}) the total serum hpl\ld uc‘ s are
comparable Trom several hines of evidence owr group has .uc] np(;)l,
1 appears, both 1n the human and in several experimental animal sl (M,
that the hipoproteins from $£40,000 to 512 are metabolseally A ‘.
Chemical studies of the hipoproteins by Lindgeen, Freeman, :m? Nichols
(6) suggest the nature of vhus inrerrclation (see Figure 2). 1t is scenin

4 Sf6 S5 S{10 Sf13 SA17 Sfi7-40 $F10-40,000

Total cholesterol <>30% Decreasing steadily 5%
———
f cholesterol
F‘:st(':l“ﬁtd o <75, Decreasing steadily 0%
Phospholipid 1% Decreasing steadily <50
Proten 2% Decreasing steadily 3%
ncreasing

steadily  75-85¢,

Glycerylester

Absentorvery fow —meem 3
%o 10 this range

Bigwe?  Chemical constiruent.

Figure 2 that although cholestero) 15 2

constutuent of all the hipoproteins,
’isap of the low moleculsr

Ufat 1s enther absent or

Iy more ¢
weight ipoproterns (those of low Sfvalue) Newral
@ very small fraction of the hpoprotesns elow $f17
stvely more prominent i the higher Sf classes unsit
<al consutuent 1 those above SF 100, The present

fat (and possible certatn other Yipuds, as cholesterol) of endogenous and
£10gen0Us ongm may

enter this system of fipoprotens in the form of
tugh S hpoprotems (Sf3g to 540,000). As glycery) escer 1s utihzed
off or transferred oug of the blood, the hugher S hipoproteins give nise
tothe suecessiwely lower members of the senes. Teis hot possible ay this
ume 10 determine whether 3 grven hipoprotem of the gh SF classes
Recessanly goes chrough every one of the lower intermeduate classes 3

evidence suggests thae
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extending to Sf40,000, is a host of closely spaced components, or pos-
sibly a continuum of lipoprotens.

Human sera differ from onc another in two sespeets: fiest, the nom-
ber of types of lipoproteins present at appreciable coneentration, and,
sccond, the relatve concentrations of the various species present. In
spite of a wide variation eveant among human patterns, the variations
are by no means random. It appears that only cerean ipoprotein distri-
bueton pacterns arc atlowed, There 1s a regularity in the development
of deviation from a particular pattern, which deviation may be a reflee-
tion of a progressive degree of mecabolic error 1 the teanspore of serum
tipids This concept 15 iftustrated n Fagure 1. While there 15 a regular
progression of patcerns from chose showiag only the Sf and/or Sf6
lipoprotems with snapprecsable fevels of any species of higher S values,
and while the higher classes are never presenr unless all the lower classes
are present at appreciable concentrabion, there is nevertheless only 2
partial relation berwcen che serum concentrations of varous ndrvidust

“Normal™" Pattern .
(1} Lipoprotens of Sf and/or §f6 prescat at low or maderate concentrations.
Minimal Jevels of higher Sf components except for teansient clevations in
$£30~40,000 foliowing farry meale.
“Mimmal" Defect
(2) Lipoprotems of S+ and/or $f6 at increased concentrations but withone aay
mcrease i higher Sf components as compared with (1)
“Minor™ Defect
(3) Lapaproteins of S+ and/or $f6 pius S8 n wncreasing concentravion,
Progressively “Aare Severe” Defecc
(4} Sf+ +Sf6 + 518 + 810
(5) St + Sf6 + S8 + Sf10 + Sf13
(6) Sf+ + Sfo + 58 -+ 8010 + Sft3 + Sft7
(7} Sft + Sf6 + SfB -+ 5110 + 813 4 817 + Sf17-20
(8) Sf4 + Sf6 + SR + Sf10 + Sf13 + Sf17 + Sf17-20 + SL20-~40
(9} 5f+ + 516 + SFB + SAI0 + SA13 + S$f17 + $F17-20 + S£20-40 +
$640-40,000
(In thss group the SHD-40,000 can e of wransicnt cxistence followsng
meals or mny be sustained even postabsorptively )
0) “Most severe” Defect
As in (9) excepe that the 84 and $f6 may be depressed to quite low concen-
rrations (This may be regarded as a general shft roward fugher Sf hipo-
proccins, and is comparable to that which appears sn the rabbrs i the Larer
phases of cholesterol-Wesson oil feeding )

Figure £ Lipoprotei eraasport as 2 measvre of hipsd mesabobe defecr (human),
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presumed nosrmals of the sare age and sex. The assumption, '\\h.l.Ch isa
reasonably sofe one, 13 that on the average atheroms formation is pro-
ceethngr 11 the cosonary vascular bed at a grearer rate 1n the frankly dis-
eased group than m the normals. At best, we hnow from awopsy and
other data that the “normals™ are also atherosclerotic, aithough they are
developing the disease with a rate of the order of one-half 1o two-thirds
that of the “diseased” group. Further, the focal character of athero-
sclerosss will necessanly place certan individuls with minimal torad
atherosclerosis in the “diseased” category, when actually their rate of
atherogenesis 1s less than that for many of the “normals.” Other factars
also operate to obscuse our assessmenr The caregontzation of an mndi-
wvidua) as a “coronaty” 15 2 reflection not enly of present rate of athero-
genests bu also of Lited athetosclerosis with its d artenal
narrowing In additon, there 15 the possibility that at a given tme anin-

dvidual may be developing atherosclerosis at a different rate from that
which prevailed at ather penods.

The above-descnbed obstacles in reaching the goal, measurement of

of lipoproteins with at are mdeed formidabl
bu not msuperable Ther existence, however, makes 1t impornny 1o
reatize that whatever quanmzanve correlation 15 found berween cerran
hp t 2 one. The true correlation
must undoubredly be much better than that which we measure, since

all the obscuning factors have the cffect of reducing the measurable
refanon

and

Quanttatise Measurement of the Relationship of
Lapoprotems with Atherosclerosis

In the expenimental rabbyt we have been able to produce a *‘specrrum™
of Lpoproteins generally similar in properties to that in the human
1t has also been passible 1o show 1 the rabbit that the rate of accumula-
uon of atheromz 15 almosy perfectly associated with the serum level of
ceream special classes of lipopsoterns, buc that 1t is not associated (or

o v ‘) i
e smversely assoctated) with the serum levels of cereain other classes
15 making the of the b e
e

tefation-
ship m :
s the human 1t 15 cons enzene o compare it with the observed rela-

T
;:::‘Tp of b:.:rum cholesterol Small segments of ehe lipoprotein “‘spec-
canbe tested for assocrarton with atherosclerosts gt the sarae tme
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the course of metabolism, or what the factors arc which determine
exactly where in the higher ST classes lipid cnters the system.

We may inquirc now into the significance, metabolically, of cle-
vated levels of the intermedmate classes of lipoprorcins. 1, as the cvi-
dence indicates, the hpoprorems are related as an interconversion se-
quence, clevated levels of the intermediate members may be the resuk
of excessive loading at the input end (the very high Sf classes), or 3
metabolic block in the rate of transformation from ene class to another.
In cither event the resule predicted would be an elevated steady srate
level of some or all of the mtermediate lipoprotein classes. The degree
of such a block and its particular position mn the transformation sequence
would largely determine which lipoprotein classes might be elevared
One major effore n our study of the lipoprotetn system 15 now ditected
toward an understanding of the nature of the transformation blocking
which appears to characterize so large a fraction of the adult human
population.

Whatever factor 1s of major importance 1n a given case (1.6, €¥e0s
stve loading or transformation block), the human population presents
uself with an atray of serum patterns differing from one another in the
numbers of spectes of hipoproteins elevated in concentravon and in the
degrec of elevation The immediate poine of ntercst is the relationship
of the scrum concentration of individual classes of lipoprotemns with
the 1nception and progression of atheromarous vascular discase. It is
cvidene that unless a positive relationship of thus sort 1s demonstrable,
considerations of management of atheroselerosis via hipoprotein Jevel
control would be meaningless Ideally the quanatatve assessment of
the degree of assoctation, 1f any., of cach lipoprotein species with athero-
genesis is the goal Pracucal considerations of two types bimit this, an
part, in the human. First, it is readily posstble to measure a band of
lipoproteins, ¢.g- the total ipoprotetn concentration beeween the limits
of 510 and S£20, whereas measurement of the concentration of a single
SPECICS, € g S£13 or Sf17, may be difficult. Sccondly, assessment of the
rate of atheroma formation in the living human 1s besee with difficulucs.
No dircct measurement of this rate 1s available A somewhat crude first
approvimaton to this can be made by choosing a chnieal entiey largely
supcrimposcd upon an atherosclerotic background, such as climeally

manifest coronary actery discase and comparing this with a group of
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presumed norals of the same age and sex The assumptior, v\\hich 152
reasonably safe onc, 15 that on the average atheroma formation 18 firo-
coedimg m the coronary vascular bed at a greater fate in the frankly dis~
essed group than in the normals. At best, we know from autopsy and
ochet data that the “normals” are also atherosclerotic, althongh they are
developing the discase Wurh a rate of the ordet of one-half 1o two-thirds
that of the “discased” group. Further, the focal character of athero-
sclerosis will necessanly place cercain indiduals with minimal total
atherosclerosis 1 the “diseased” category, when actually their rate of
acherogenesss 15 Jess than that for many of the “pormals.” QOther factors
also opetate ta obscure our assessment, The categonzation of an 1ndi~
vidua! as a “coronaty” 1s a reflecnion nor only of present rate of athero-
genests but also of lated atk ferosis with sts as d arreraal
narrowng. In addition, there 15 the possitulity that at a given rime an -
dwduat may be developing atherosclerosis at a different rate from thar
which prevailed at other periods.
The above-described obstacles in reaching the goal, measurement of
of lipoproteins with ath is, are indeed formidable,
buc rot snsuperable. Their evstence, howeser, makes i important o

x:czhtc that whateser quantitative correlation 1s found between certain
N

ool and w2 one. The truc cotrelation

undoubtedly' be much better than that which we measure, smce

all he obscunng factor:
s have the effect of e measurabl
relnon S ect of reducing the surzble

Quantitanive Measurement of the Relationship of
Lipoproteins with Atheroscleross
u;;:;;‘::;mmml rabbit we bave been able to produce a “'spectrum”
Tehas ﬂsowgﬂzfr;llly stmilar i propernics to thar m the human,
v af nhmmplsle e 10 show in the rzb.hxt that the rate of accumula-
st specn) dzsx:sm:;‘l petfectly associared with the serum level of
e msersely assoenead) spoproteins, but that 1t ts not associated (or
kg e e with the seram levels of certain ather classes
Sipin the ‘:ﬂman -~ atr of the lipoprotein-atherosclerosis telation-
S conveent to compare 1t with the observed rela-
tol Small segments of the hpoprotem “spee-

Gomehup of serum cheleste:
T can be v
st
o8 for assoctation with atherascleross at the same time
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the serum cholesterol is tested and the relative relationships determined
In such testing procedures it has been possible to show thar two partcular
segments are of especial interest, namely, the band of lipoprotcins from
Sf12 to 520 and the band from 520 to 5100 (7, 8). A uscful means of
expressing the findings is at hand in the form of the “regression lines”
between serum cholesterol and the particular lipoprotem class being
considered. In essence such lines are simply a plot of the average lipe-
protein level at each serum cholesterol, or conversely the average serum
cholesterol level at each lipoprotein level. Figures 3A, B, and C present
the entical data for 41-50 yr male “normals” and coronary patients for
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Figure 3A. The lmes shown represenc the average values of the Sf12-20
Iipoprotein levels for any given chalesteral level It 1s seen that patents with
coronary disease show higher 5£12-20 hpoprotemn Ievels than do normals having
the same serum cholesterol, throughout the range of serum cholesterols, Thus,
the Sf12-20 lipoprotemns have the ability to segregate coronary paticnes from
normals independent of the serum cholesterol.
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Fagure 3B The boes shown represemt the average salues of she ${20-100
hipoprotein levels for amy g en ${12-20 Bpoproten level Tuis seen that pauents
with cotonany dssease show Tugher derels of 5{20-100 lipoprotesns than do
formals baving the same SF12-20 devel, Thus, ¢ s evsdent that the SE20-100
hpoprotems sepregate pauents with coronary discase from narmals ndependent
of the segreganon achiened by the 51220 bpaproteins Both classes of lipo-
protens, the SF12-20 and SE20-100, 2¢¢ of wmportance for atherosclerosis Both
roups ace assoctated with ook pondent of the sersm A
ladd

seeum cholesterol, the §f12~20 lipoproteins, the $£20~100 hpoproteins,
2nd the combined S{12~100 hpoprotewns. Consideration of these figures
leads 10 sereral nporrant conclussons .

1 The band of hipoproremns from S£12 to $£20 (the “$f12-20 class™)
15 Tugher 1 the coranacy group than i the novnal group even when both
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groups arc comparcd at sdentical serum cholesterol levels, over the ane
tire serum cholesterol range.

2. The band of lipoprotcins from $£20~100 (the “Sf20-100 class”)
is similarly highcr 1 the coronary group than 1 the nocmal group cven
though the scrum cholesterol levels are identical.

3. When the coronary group and normal group are compaced at the
same combined §£12~100 level (1e., S£12-20 + §£20~100) (sec Pigure
3C) the serum cholesterol level separates the two groups mach less
effectively than docs che SF12~100 level when the groups are compared
at the same serum cholesterol levels. This finding implics that the re
matnng hipoprotemns are of a lesser degree of atherogenicity than those of
the Sf12-100 group.* It implies further that the smporrant kipoprotans
of the $f12-100 class are marked by the much larger bulk of lipopro-
tans (approvimately 85 per cent of the toral lipoproteins) that arc being
assessed primanly when 4 serum cholesterol measurement is made. O
the other hand the general trend toward nismg $f12-100 lipoprotein
level with mising serum cholesterol levels means that as a crude firs
approximation the scram cholesterol level will show some corrclation
with atherosclerosss, although edus correlation ss less than that for the
S$f12-100 hipoproteins with atherosclerosis. Further, since the §{12-100
fevel can be hugh when the tatal cholesterol 1s low, or low when the
total cholesterol 1s hugh, individual cases may be seriously musclassifiol
as to atherogenic porentiahities by a simple serum cholesterol measare
ment.

The question may now again be rased as to the actual serength of
the relattonship between the S£12-100 hpoprateins and atheroma de-
velopment From the carlier conssderation of obscuring factors we canbe
assured that the true strength of the relationship is much greater than
that which we have been able to demonstrate. Reasonable esumates of
how much obscuring facrors mught reduce the obscrved relationship
together with estimates of crrors in measurements () have led us to the
conclusion that the Sf12-100 lipoproterns account for the great butk of
the general metabohc factors which Jead to atherosclerosts

* Present evtdence indicates that much of the residual assoention with
atherosclesosis 1s duc to the Sf §-12 l:rnprmcm\. Possibly some may be due to
ipaproteins abose SE 100, This would sull leave the major bulk of the serum
cﬁ estero} 1 the form of nonatherogenic o, at best, weskly stherogenic

Iipopratems.
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(72 Panents wath Coronary Disease)

Fi cr
‘Mean Seram Cholesterol = 103wy Go (Srandard Frror = +myg il
253 Normals Mean Serwm - edError = 6mE€R)
= 260mg Gp (Stan 3rd Frro g e
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Dfference betizeen
bers.em :
Dﬂ;";pmmis €% Clalesterol §  coronary putients
Lapoprutein nd nprnals 1 ipoprotan and pormals .
Pg’m wmg G fipaproten dass 1 mg Sg chalestero
sfiea2* 82mGo 3023 i;
1220 239mg %o 2% g0
s000 72 mg% 0% 3
shioo* 20 mgdo (mmimum <8, 1
estimate)
Sem = 241 n% o
From the 4 of the faion of the §{12-20 lipe-
protemns with she S3-8 fipoprotetas, the cotonary group should l:c 12mg %o
tugher 1 $0-8, on the basis of this 1 alone SEO-8

Top
coneam 355, cholesterol Thus (32) 103%) = N2 mgte cholesterod os
expected difference between coronary and normal populanon This may be
added to the 24 1 mgSy already accounted for simee it represens no wmde-
pendent contnibution of the 5f0-8 hipoprotewns.

Thus 241+ 112 = 333 mg% cholosterol difference 15 accounted for 1w
SHB-100 4 chass of hpopretems

Remarader +4 — 35 3 = § 7 mgbp cholesterol,

Thes saall rematnder, which cannot be prosen sipmficant from these data, 15 all
thar remanns for possible independent contribution from the remasning bulk
(<>85¢7) of the serum cholesterol to atherosclerosts It g5 evident, therefore,

char this bulk of serum cholesterol shows very hecle, of any, ndependent
assoclarion with atherosclerosis

* S110-12 Upoprotem levels correlate very hughly (r=08) wuh 5{12-20
tipoptotann levels

105+ Lipuproteins correlate Wighdy with SE20-100 hpoproteins
#See reference 6.

Figure 3C - Comparison of the 5f12-100 hipoprotem-atheroscletosss relanionship
with that of the remaining bulk of serum choleseerol

“There 15, then, a class of hipoprotemns m human serum tiughly associ-
ated with atheroms development It cannot be proven at this time that
this association 15 an enologic one, However, our concegt of athero-
sclcrogenes:s 15 that the hipids of lesions ongmate from the blood, and
1t 15 hence tughly likely ehat the §012-100 hipoprotems represenr the
actual blood source of those lipwds Unless the developing evidence
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should contradict this view, it may be considered feasible to attempt the
management of atherosclerosis through measures directed toward de
reduction of the serum level of the Sf12-100 Lipoproteins. It is worth
pointing out here that the objective is not necessarily reduction of toul
serum cholesterol levels.

Thus 1f a shift from the atherogenic $f12~100 lipoprotein classes to
other less atherogenic or nonatherogenic lipoproteins could be pro-
duced without any drop in total serum cholesterol level the desirod
objective might be attamed. Conversely if a drop i serum cholestercl
15 achicved with a concomitant shift into the S12-100 class, the effect
would very likely be an nerease n atheroma formanion rather than 2
decrease.

Dietary Approaches to Atherosclerosis

a) Caloric ntake and obesity. It is a matter of fairly general agree-
mene that obesity 1s almost wholly the result of the mgestion of an
excess of calorics in the dict. Clinical and msurance experience (9) have
shown that a posiuve relationship exists between obesity and athero-
sclerotic vascular disease. No satisfactory explanation of this relation-
ship had been adduced from the semipopular view of an cxeessive “work
burden" for the heart. Our own evidence suggests a very different basis
for this relationship of vascular discase to obesity. Since the Sf12-100
lipoprotesns are assocated with atherosclerosis, we have endeavored
assess the extent to which obesity contributes to clevarion in the serum
Sf12-100 hipoprotein level Ideally a dircet estimate of the body fat con-
tent of the studied subjects should be made. Since such measurements
were not available during the study, a crude measure of obesity was
obtamed from heighe-and-weight measurements and a table of deal
height-wesght relationships (10) Ina group of 253 male subjects a defi-
mite posiave correlaton was found between estmated obesity and
Sf12-100 hipoprotemn level {crude correlatton cocfficrent = 0.3). If ac-
count 15 taken of two factors, the crudity of height-w eighe measures as an
esumate of obesity and the biologie and technical varation in Sf12-100
lipoprotein measurements, it becomes certam thar the true relationship
of Sf12~100 lipoprotems with abesity must be considerably hgher than
the measured one. A reasonable estmatc of such factors indrcates that
the order of 20 per cent of the factors contributing to clevation of the
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§f12-100 lipoprorein levels are du‘csdy related to obesity. This m]mni
that obesity may account for approximately 20 per cent of atherosclera~
genests n1a the $f12-100 hpopmtc‘ms. . o be

The pracnical, chaseal imphications of l\}xs relationship deserve 1o

sttessed The “nommals”™ who escape manifest coronary artery d\s.c:sc
Yave atherasclerosis, but of esser quantirauve degeee than do patients
with frank cotonary disease (pethaps of the order of 30 pet cent less).
“Therefate reductions in rate of develop: of coronary ath lerost

of 10-20 per cent might be annicrpated 10 provide a very significant de-
crease in the oceurrence of dimeal sequelac of coromary sclerosss It can
be predicted that teducnion of calorte take and, hence, correction of
obesity may certatnly be expected to do at least dhus mmuch on the basis of
the 5712100 hipojrotem relationship with overseight. Our expenence
with paverss has amply tedicated reduction wn S{12-100 leveds as
calone mtake 15 dropped and obesity 15 lessened There 1s considerable
indindual vanianon in the extent of $12-100 ipoprocein reduction which
results from caloric restniction and weight loss, This individual vananon
15, however, to be expecred since the correlation of 8{12-100 level with
overnaight 15 quite definite but not fgh tnough 1o assure umformity of
Tesponse. In corran wdwrdnls de drop w SHIAW level assoomd
with weight foss 1s qute marked and may well ulumately prove tobe 2
magor factor in prevention of premarure coronary discase. It has been

suggested thac the mobibization of endogenous far dunng a perind of
warght loss might result 1n elevation of the serum fevels of certam ipo-

protems and thar this might be deletersons, Ac present our expenence

wrdicates that the S§32-100 hpoprorem tevels fali during the actual pe-

riod of wesght loss Howener, 1t 1s concewable that further study of this

problem may show that i ceream ndviduals a nse 1n level may occur
duning werght foss

b) Dutary fat intahe Since ar dease part of the fat i the vanous lipo-
protein elasses s of eogenous ongn (1), 115 of mportance to know to
what extent ductary foadmg with fat resubrs i elevarion of the Sf12-100
levels The mvesnganon of lowering far ntake clinically 13 hampered
by the fact that the pavents seudied generally tend to lose neighe, at
Yeast w she mmat peniods of far resertction This v eight is not usually
Fegawned in che patients who conrinue o adhere to the fow fat dier. Thus
eren thaugh such patients show, m 2 Yigh propornon of cases, g ;xgmﬁ-
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cant lowering n 5f12-100 levels, it is difficult to segregare our that pan
of the effect duc to Jowering of caloric intake and weight from that due
to lowered dicrary fat loading.

However i other panients studied the serum $f12-100 hpoprotcin
levet drops even when there 1s no appreciable weight alteration onadet
restricted in total far snrake. These studies indicate an effect of the
dictary fat separate from the calore-weight effect. The human populz-
tion appears quite whomogeneous it chis response to fat restriction At
present 1t 15 not possible to predice which patients will respond to dictary
fat restiicrion from the hipoprotem pattern or from any other conedars
tion. Excluding cases where the diet has not been adhered to, there ase
still ungquestionably cases where fat restriction does not reduce 512-100
levels. The sminal hipoprotein pattern in such mdividuals does not appast
sigmficantly differenc from that m cases where restriction m fat docs
produce drops in 5f12-100 levels At present the mdwidual's response
to a lowernng fat intake is derermined by actual trial, with seriaf lipo-
protein studics

Thus dietary measures, mcluding calone reseriction and fat gestric
tion, are capable of reducing clevated $f12-100 Lipoprotem Jevels ina
part of the human poputanion. Neither measure 1s umversally effective
1 reducing hipoprotem levels. However, the response to one ot anothet
of the measures 1s of sufficicat degree and frequency to watrant the trisl
of 2 low far dsc plus abesity correction as an approach to S12-100 hipe-
protemn reduction w the management of atherosclerosts.

“Lipotropic” Agents

The desirabality of a pharmacologic approach to the lowenng of the
S$F12-100 Yipoprorem level s self-cvident, 1f we accept the hypothesis
that these scrum lipoproteins represent the source of atheroma hpuds.
There might well be objecuion to the use of the term “hpattopic agcnt"
to describe a substance capable of reducing the Sf12-100 level. Possibly
the only justificanon for the usc of this term with respect ta the present
problem 15 the fact of s widespread vse in this connoratian.

The one pharmacologic agent showing 2 marked effeer upon the
5f12-100 levels and upon scrut hpoprotein distribution i general s
heparn. A dermied publication of the findings of Graham ct al. of our
faboratory has appeared (12). The cffect of hepatin upon the serum lipo-
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n the human is of especial interest since it appears to be such
‘:‘:(::;1& hpoprotem patterns in the direction of norm?hx.)'. Suflsc:]:c\ﬂt
to the mnjection of a single dose of 25~100 g of heparin \n(t;\cn ) ;y‘;
there 1§ 4 progressive reduction in levels of' the \xpopfolc\m of very l\g
§F closses (above Sf20) with tramsitory increases i the ivermediate
dasses (5{10-20 class). Subsequendy the S i0~.’..0 l\po‘m.xcm Tevel may
decsease with 2 cancomtant nse in the level of lipoproreins below §f 10,
The reduction 1n level of lipaprotemns above SE20 (5£20-100 and hlghFr
dlasses) 18 seriking withun § o 20 munutes following intravenous hf;nnn
myection The progressive transformations coptinue aver a perind of
several hours Withi 24 hours afier a single bepann dose in the range of
25-100 mg most fromans shaw a Teversion 10 dhe pre-hepann Lpoprorein
patern Most snking of all che changes 13 the abuley of hepara 1o
produce esseatially 1 “w rpe-out” of the serum lipoproteins above 5620.
Smce a riajor constituent of the hipoproteins above 20 Sf unuss is glycery!
ester (ncutral fat), this represents a removal from the entire blood
volume of quanticies of the order of several grams of fat. The fate of the
fat thus cleared from the blood 15 now under snvestganion. tn gencrat it
appears that the dose of hepann required to wipe our the S{20-100 hpo-
protens 1s greater the hughec the level of such bpoproterns ongally.

Since the shift 1 fipoproterns wnder the mfluence of hepann 1s in the
direction that normal mnterconversion pathways appear 1o fallaw, 1t
seems possible that hepann 1n 2 combined form, or some relaced system,
1s normally mvolved in lpoprotein wnterconversion sn the human. Ab-
ol serum hipoproten dsinbunons mighr then be the result of 4
quantitapye tnadequacy af hepana sn the appropriate form for handfng
the bipnd load  This quesnion 15 now under acave Investiganon.

The serum hpoprotein shift produced by hepacn appears favorable
with respert to the atherosclerosis problem since the level of dhe athero-

sclerous S$12-200 tipop 1s markedly reduced. Graham
eral {12) have shown thar Yiepana suppresses the nise of ${10-50 lipo-
proten levels and supp h ! s the chol 1-fed rabbis.
The possitabitees of simidar apphication of hepann in human athesosclero~
sis would be facihitated by the avadabihity of an aceeprable long-acting
hepann, so that the Sf12-100 Iipoproteins mught be chmmmﬁy w;—
pressed The effecrs of loag-term use of heparm for che purpose of
lipogrocain altcration will become clanified as a result of further studies.
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In any event this agent has produced striking alteravions in Yipoptorcin
distributions which assurc the possibility, at least, of lipoprotein conttol
thirough pharmacologic means. If it also sheds light upon the naturally
accarring factars which aceount for normality or deviation therefron
in lipoprotein transport, atherosclerosss xescarch will have been mate
rially advanced

Summary

1. The vlrracentrifugal study of human serum allows the characteti-
zation of lipid transpore i terms of a “spectrum™ of hpoprotcins.

2. The rype of lipoprotein transpors characteristic of an mdwidusl
is appatently 4 reflection of the degree of deviation from normat lipid
metabohism.

3. Certam of the hipoproten classes, the Sf12-20 and Sf20-100
classes, show a hugh quanntanve association with atherosclerogenesis in
the human. This association is manifest indcpendent of total scrum
cholesteral level.

4. Obesity is assaciated with elevation of the $f12-100 bipaproteins
Thas association may be adequate 10 account for the excessive athert-
sclerosis m the obese

5. Reduction n caloric wtake and weight lowers Sf12-100 Javels
to variable degrees in the human populanon Reduetion of detary fat
has 3 sumilar effeet m pare of this poputation.

6. Heparin admmistranon to humans produces a shift in hpoprotem
patterns toward aoemal.
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Chapter §

CORONARY DISEASE:
CLINICAL-PATHOLOGIC CORRELATIONS
AND PHYSIOLOGY *

Herrman L. Blumgarst

THE CIRCULATION of the heart presents many micresting dif
ferences from the rest of the body. Sheleral muscle on vigorow
contracrion con ncrease its oXygen consumprion thirryfold of were.
This vastly incrcased requsrement is mee in part by aninceease in anteriol
and egpiflary blood flow and 1 part by exteacting more oxygen from
cach unit of blood passing through the capiliarics. Thus, she ovygencon-
tent of venous blood, which is approximately 12 volumes per hundred
cubte cenumeters with skeleral muscle ar resr, may be redueed 1o §
volumes per cent ar fess on exerase This abyliry to borrow on the
“reserve” otygen is not emjoyed by the heart. The venous bleod of
the coronary sinus under notmat condions contatns only 2 to § volunks
per cent of oxygen. There 1s hidle to borrow and so the heary must
“pay as it goes” by wncreasing the coronary anteniaf blood flow pro-
potuonacely when the myocardsum needs more ovygen 1o do more
work. Skeleral muscle ts also dsifercnt in that it can connnse ta cantract
during exetcise, even if the oxygen supply ts momencardy madequate,
by meurring an oxygen debr swhich 18 repaid larer during resr. The myo-
cardwm, however, docs nor possess this ability, it depends for a1s cone
tractility on the oxygen mmediately avatlable from coronary bloed flow.

* Presented Qcober 8, 1951, at the 24th Gradware Forumght of The New York
Academy of Medicine.

+From the Medieal Research flepartment of the Yamuns Rescarch laborz-
ories of the Beth Krael Hospual, Boston, Afass, and the Pepartment of Medi-
ciae, Harvard Umiversity Medical School, Boston, Mas

This invesugauon nas mded by grants fram the Life tasurance Medcal Re-
search Fond, the U. § Public fealth Senice, and the Patrons of Rescarch,

Beth Isract Hosputal
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1t cezses to contract when it has incurred only one fifth of the oxygen
muscle can endure. . R

dc‘;[\i‘l‘:(\:lua\nd carduac musdle also present an interesting difference in
there vascular supply. The smaller arteries and arterioles of s.m:t‘cd
muscle freely communcate with cach other by large anastomotic vessdl s.
Except for sudden occlusion of large trunks such as the bracha), 111\:c,
or femotal artenes, mfarcnon of muscle is rare, The coronary artenics,
on the Geher hand. ate, m a physiologicat sensc, end arteries. In 1669,
Rachard Lower stated that . the vessels w hich carry blood to the
heart come together agan, and here and there communicate by
amastomoses ™ Yt fus gradually become the consensus, however, that the
conntections that eust mormatly bevween the coronary artenes are only
fine communications of an attenclar or capillaty nature which are Jess
than 40 microns 1n diameter These mMrercommunications, while of some
Timited Functional value, are not sufficient to prevent snfarerion of rhe
miyocardiom when coronary arteries are Nigared expenmentally in am-
mals or are suddenly occlnded by thrombn or emboh 1 man n a func-
tiomal sense, therefore, vhe cotonary arteries are end artenes {1, 2, 3.

Gtwnousty. thesefore, anatonmcal patency of the corenaty arteties 15
of curdiml woportance w the wawrenanct of vormal wardiae mwravon
and performance The sery large extraction of avalable otygen by the
normat heart, the inabidiey of the myocardium 1o wcur a sizable osygen
debr, and the fact that cotonary atrenes are funcoml end attenes 1m
the normat heart make 1t mandatory that any significant inceeased oxygen
need by the heart must be mer by an merease 1 coronacy blood flow.
Failure to meet the demands of the myocatdium as 3 whole may lead 1o
congesuve heart failure, sschenua of costain arcas tmay {ead to the chimeal
symptom of cardise pasn, disturbances of mpulse formanon, and the
occurrence of arthythmuas, 1f the tschemma 1s sustained, actual inery
or necross of heart muscle may develop.

fts of g y e to g thae che adequcy of
cotomary blood flow 15 always to be considered 1n relation o the require-
ents of the myocardium to accomplish 2 work, The coronary blood

flow may be sdeguare to meet the pormal myocardial needs ar rest, but
msufficient for che wereased requirements when the work of the heart
15 increased a8 1 evercise, emouon, thyrototicosts, fever,

oF rises m
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blood pressure. In such circumstances myocardial jschemia develops
with sts chmcal representation of cardiac pam or discomfort. That ths
imbalance berween supply and demand underlies cardiac pain is supported
by an impressive body of cvidencee.

Many discases may affect the coronary arterics and encroach on
thor lumens. Thromboembohc obstrnction of a coronary artery,
syphilicic goreers with narrowing of the coronary estia, periatteriis
nodosa, thromboangnus oblsterans, rheumatic arteritis, scleroderma,
amylowdosts, and the arteritis associated with systerme 1nfecrion may be
cncountered. These conditions are responsible for Jess than 10 per cent
of al} coronary artery discase. Atheromatosis Ieading re arteriosclerosis
with narrow ing and complete obstructon 15 the most prcvalcnt Yesion
responstble for more than 90 per cent of coronary artery discase.

To gan further mssght mto the meaning of the chmesl signs 20d
symptoms of heare disease, a derated scady has been made during the
past ten years of the clintcal cardiac mamfestations together with an
mjcction plus dissecnion of the heart m cvery necrapsied case 3t the
Beth Istact Hospial n Boston The series now comprses over 1600
hearts examuned by the methad developed by our pathologist, Maonroe
J. Schiesinger () The night, the loft anrcrior descending, and the lefe
areumilex cotonary artenics were injected simultanteously with differ-
ently colored tadiopague masses under a pressure of from 150 to 200
mm of mercury The heart was wnrolled so thar all of the coronaty
artenes lay w one plane, and 2 roentgenogram was made A complere
dsssction of the arteries was then carrsed our wieh the roentgenogram
as a gaide.

The degree of narrawing of the coronary asresses was classified in
cach heare 2y shight, modcrate, or marhed  Artertosclecotic changes with-
out anty discermble narrowing of che tumen, such as small intimal athero-
mata, were not regarded as funcuonally sigmficant and were placed ™
the normal group without narrowsng  “Slght narrowmg™ refers to
heares wath shyhe but definte consrricnion of the fumen, *matked nat-
rowing” signifies anequivacal, extreme reduction sn the lumen at one
or mMOTe PoIs in the coronary arrerial tree, “moderate narrowing”
inclodes all heares with ncermediare degrees of narrowing In a small
grosp of hearts the internal diameters of the major vesscls were meas-
wred by a scrics of graduated probies, so char the pereentage reduction
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in diameter at areas of narrowing 1n companison with |mfr\:xirzrc!} :::l
Jacent Zones W as quanutately Jetermuned. Slight narron u‘l‘g w as, ou
3 tately wi
¢ Quanticative cstimate 1o P PP ly witha 1
i i uivalent to
1 drameter of 23 per cent or less, marhed narrowing was eg
75 per cent teduction or more.

Observations in the Normal Heart

The significance of strucrural ab hines in patients with angina
N C
pectonts ot acute myocardl f2 can be only i the

13
light of the findings 1 patients wichout angina pectoris Of acure myo-

cardial infarction We examuned the hearts of over 200 persons who died
of noncardiac causes i whom we found no coronary arteriosclerosis and
who had had no climcal evidence of arteriosclerotic disease.

1n these normal hearts, as previously stated, fine connections of an
artenolar or capillary nature are observed berw cen the coronary arterics.
They are less than 40 micrans n duameter. These anastomoses are
readily disclosed by the simple observation that when 2 colored watery
solution which reaches the capillary bed 15 mjected 1nto one coronary
artery, 1t promptly appeats 1n the other coronaty arteries and ther
ramifications When, however, colored radiopaque lead phosphate agar
masscs are mijected into the three mam coronary arteries, according
70 the techmique of Schlesinger, there 15 no mtermixtuee of color. Since
the lead-agar suspension penctrates regularly only as far as artenoles
10 to 40 microns or more 1n diameter, the larger interartenal collatera)
pathways of 40 mucrons or more may be regarded as generally absent
wn normal hearts Pauients cven seventy or more years of age who have
hormal coronary arteries show no intercoronary anastomotic vessels

(Figure 4) The development of an anastomotic cireulanion ss not 2
neeessary concomitant of the aging process.

Observations 1 Cases without Chucal Cardiovascular
Discase 1 Which Coronary Narrowing or
Occlusion Was Bresent

In approtimately 46 per cent of all patients above forty years of age
sho died of noncardine causes such as carcinoma, and whe had no
cardiac pain, congestive fulure, or other manifestanion of heart discase,
complete occlusion or considerable natrowing of one or more mron.xr;-
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arterics was scen (Figure 5). Despitc these obstructive kesions, the myo-
cardrum was uswally normal on gross and microscopic cxaminanons. I
many mstances, clecrrocardiographic tracings were normal. This ap-
parent iconsisteney berween the presence of long-standing, cbstrctive
Iestons, on the one hand, and the absence of pathologic or clincal evidence
of myocardial damage, on the other, was dispelled by the demonstration

A~41 =100

) Mass mjected into right cor {ITITI Mass injected into feit
descending cor.
Mass injected mio tefd circumilen car,

Figure 4 (Cse A-37-78), Dugram of normal coronary arterial tree of a man
aged 72, who died of fibrosarcoma of the femur The feart was nomml, an
there was no art Jervsss or weher ab bty 0 the coronacy ageertes

with the Schlesinger imjection mass of the larger than sormal coltaceral
channels (Figure 6) Thesce collateral vessels by-pass the obstructians, of
supply the myocardium distal ta the areas of narrowing or occlusion
from newghboring anoceluded caronary arteries  The anastomene ciren
fation evidently develops as a compensatary phenomenon i relauon
to gradually occurrng arcenial acclusions  Alchough scrious damage
may be avaided by the develapmene of such colateral circulation, the
margin of safety, or, as 1t may be rermed, “the coranary reserve” is

presumably reduced.
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“The collateral pathways of the “Thebesian” types \\[}\uc:\\c l\;:}‘\lc:ct:
have auracted particulac attention, ST bu\\hcc t.“'m e
of the heart and the arrenes of the hear, of berween o c c:\ o
heart and the capiilattes o \ans. The collateral pathw ays hc:mm el
\n abnormal heasts by the lead-agar mass commumeate bey f:\tﬁ:*m -
nary arterses and, therefore, would appear 1o ‘e more sigmficant e
mantenance of capillary blood flow. While the collateral carculaty "
cends to protect the heart from sertous Wy ocardial damage, the oceur-
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Figure §  Incidence of cardiac parhology. 1n the z2bsence of cardise svmproms
wn $52 cases witheut cardiac hvperrophy

rence of a sudden occlusion may vesult m acure myocardia} infarction,
parueulatly 1f ume has been msaffcient for the development of adequate
amastorpone vessels or if the demand for blood by the myocardium at
the me 18 excessive

The generat older view of coronary atwenosclerotic heart disease as
2 simple progressive narrowing with final closure due to thrombosts is,
therefore, no longer tensble. One must, instead, consider that the final
effeet on the myocacdunt 15 the resultanc of two opposing factors 1)
the reduction of Ylood faw due to narrowng and complete occlusion
a2 the compensatory development of larger than normal collateral
channels which offser the dice consequences of narrow ng of occlusions.
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arteries was scen (Figure §), Despite these obstructive lesions, themyo.
cardium was usually normal on gross and mucroseopic examinations. In
many instances, clectrocardiographic tracings were normal. This ap-
parent inconsistency betwcen the presence of long-standing, obstructe
lesions, on the onc hand, and the absence of pathologic or climcal evidence
of myocardial damage, on the other, was dispelled by the demonstration

A-41~-100

50 Moss injected tnto right cor ([T Moss injected Into lelt
descending cor.
[$3°3 Moss injected into left circumilex cor.

Figure 4 (Case A-37-78). Diagram of normal coroniry arternl tree of a man
aged 72, who died of fibrosarcoma of the femur The heirt was normal, and
there was no arterioeleragis or other alnormality 1 the coronary arterics

with the Schlesinger 1njection mass of the larger than normal collateral
chanaels (Figure 6) These collateral vessels by-pass the obstructions, or
supply the myocardium distal to the areas of narrowing or occlusion
from nc:ghbormg unoccluded caronary arteries The anastomotic circt-
lation evidently develops as a compensatary phenomenon i relation
to gradually occurring arterial occlusions. Alchough serous damage
may be avorded by the development of such collateral circulation, tl}c
margin of safety, or, as it may be termed, “the coronary reserve” is
presumably reduced.
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croscopically showed, in addiion, that these coflateral channels not
orly permitted surival of the ammal bue at umes safeguatded the myo-
cardrum from senous damage. In some heasts, sndeed, nov even seatrered
trucroscoqic neerasts was found, 1 birief, these experiments demonstrate
that the large collaterat channcls may be produced 1n response to marked
coronary harrowing, that $~12 days are needed for thar ample develop-
ment, that they enable survival following subsequent complete acute
acclusion and protect the heart from serous damage.

Figore T The enologic subserate of angina pectors based on 177 cases

Observations i d i
ns in Patients with Ang 1
oo Angima Pectoris
o 0 the observations so far described, the heares of
2d suffered atracks of 3ngNa peetons showod a striking

f

osclerotic coronary
e o Ty narrowngs g
" :: S) ?\hmcl\ per eent of the hearzs of patients with f\
such obstructive narrowngs znd occlusions;
4

patients
ncreased
nd ocely-
ith angina pectoris
in the majonity, a
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It is obviously of considerable theorctical and practical importance to
know the conditions which favor the devclopment of the larger anas-
tomotic channels and the length of time necessary for their establish-
ment. Climeal and pathologtcal cxperience offers no answers to these
questions. Thercfore, recourse to animal experimentation Was necessary
(5). The heart of the pig was chosen for the studies since it most nealy

Morked Norrowmng
\Le

Marked
Narrow:ng

/

Old
QOcclusions

A-39-31 Weight 360 gm
T ——= Maoss injected info right cor
No mass injected Into left cor

Figure 6. (Case A-39-31). Duagram of coronary arternl tree. Unilateral 1=
jection of lead-agar mass nto nght coronary artery No angina pectoris oF
congestive failure, Death due to biliry obstruction

Necropsy Carcinoma of panereas and stone n ampulta of Vater, Complete
acclusions of main stem and primary branch of lefe arcumfles artery Vesseh
distal to occlusions injected by collateral circulation from right cotonary areery.
Myocardium showed moderate fibrosis and no infarction

resembles that of man. In some forty consccuttve experiments higauon
of the left anterior descending artery or the right coronary artery in-
variably resulted 1n death. When 75 per cent narrowing of either of
these arteries was produced for twelve or more days, studies of the
heart, post mortem, showed a rich anastomotic circulation had developed
which served as a detour around the artersal narrowing in cach of the
hearts. It was found, furthermore, that after § to 12 days, sudden acure
occlusion of the narrowed artery could be done and thae the amnul
now would survive. Exammation of the myocardium grossly and mi-



CORONARY DISEASF 63
g congestine f,:ilmg' ‘,‘,p}d mﬂ“:zﬂ:?m increasing engorgement of the
nd he died on the seventh hos] g

llv;,:};ﬂ:y “The heart weighed 615 pm There was cgns\acublxc‘;m\’u;c ﬁh\;ous
myocasdis throughout the heare, bur no old or fresh infarers. The vales sere
mrgn‘:;mry artenies. There was advanced arteniosclerotic Imohy emept of the
cnture coronary tree Multiple poists of extrene warrowing and nine complete
ol occlusions imobving all three coronaty artenes and sev eral branches were
ohserned tnaddition, a recent orgatuzing thrombus was found 1n the lefy anterior
descending coromary artery, fust distal to a poire of n\.') occhmen An cvremely
aell<desctoped anastomone circulanion was present with 2 very rich nerw nrk.nf
fine, mjected vessels throughout the heare Many grossly dissectible connecting
channels could be traced from ane coronary artery to anather. Extenstve myo-
carduat fiorows was fourd thronghout the left ventncle

Comment This case with multple narrowings and occluons imolung alf
theee major CoTONary ameries the remarkable comp Y €2
ey of the amastomone arculation of the heare Collateral esreutation had de-
reloped ta sufficient degtee to prevent myocardial wfarenon 1 spite of this
extensne cotonary artestal obstrucnon My ocardial weahness resglung in con-
goste falure in the last few weeks of ife was apparently cansed by evtensive
replacemert of muscle with fibrous wssoe The termmnal sesere mfection, high
feser, and renal msufficency imposed a greater load upoa the coronary carcula-
tton dhan it could sustant The mote rapdly progressne myocardial damage with
congesone faidure ang terminal seattered myocardial necrosis are expressions of
thie fimal fartuce of the eosonary reserse. The fresh, oochuding thromives smiheteft
astenior descending coronary arsery was berw cen o old complete oeclusions
and could cause no further smpatrment of coronary arculation It probably re-
sulted from the slowed, slogmsh, corenary blood flow 1 this segment of the

eoronary trec

In the other 10 per cenc of the cases, arternt hyperension with
candiac hypertrophy or valvular tesions was responsible foc the climeat
mamfestanons The shef effect of these lenions w3s 10 mrerfere with
coronary blood flow or ncrease the roquirements of the myocardium for
blood. thereby leading 1o relatve mdequacy of blood supply to the
ayocacdiam Arvera) hypertension and valvular disease greatly inerease
cardiae work even under basal condinons and, therefore, st the
degree to which the worh of the heart may be angmenred, as on effory,
wichout indueing relative 1schemia and cardrac pm

Our chmeal and pathologic studies show that coronary arteriosclero-
sis. avteral hyperension, and valvalar heart disease, alone or 1n combn-
natton, form the enalogieal substrate of all cases of

angma pectaris. ln
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least one main coronary artery or anc of its primary branches wat
oceluded (Figure 7). The severity of coronary arterioselerodic inohe
ment in angina pectons 1s illustrated by the follow ing case (Figore 8.

Figare 8 (Case 40-52 ) Daagrans of npected beare Nuwe ofd carmplere oer
clusions i three mjor coronary srterics and primary branches, Severd aress
of nurowsng One fresh occlusion betwcen ofd ocelusions m Jeft anterir
descending artery

CASE 40-52, B D, MALF, 68 YFARS

Angans pecteris, sivreen montlss, congestive flure, five vveks, hemplega, sixieen
wonths, na Sympiowss of niyotardid syfarctson Denls due ba rsmary tract sufection of
Jive days duration avsth prewmon and congestive fadure

Nne complete old oechusions sn the three maatn cosonary artenies and branches; ont
fresh oeelusion and several arexs of yarked narrowng, no yryacardul wifaretion Tt
mmarked diffuse fibrosis, rycli anartomons esreutition

Pancnt B 1 (#0-82), 2 68-yeae-okt aran, had had frequent severe attachs of
angina pecrons for 16 months sehoved by auroglyeerm Frve wecks before ad-
mussion he developed migns of congestine fardure whieh was favorably affected by
trcatment, He had suffered g deft hemplegia 16 manths before admisuon He
entered the hospital seven days before death because of 2 severe urimary tract
nfectson accompanied by chulls, hagh fever, dysursa, and pyursa with 3 whie
Bload ccll count of 24,000 Despree chemotherapy, the patrene chaw od uicreas-
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ng congestwve fatlure, rapd aureulac fbrillation, increasing engorgement of the
wer, and he died on the sev enth hospital day .

Pathology The heart weighed 615 gm There was considerable diffuse fibrous
myocardims throughout the heart, but 1o cld er fresh infarers ‘The vabhes were
normal

Coromary arterws There was advanced anenosclerotic mohement of the
enuire coronaty tree Multple points of excreme narrowing and mne complete
old oeclusions i olving all three coronary artenics and sy eral branches were
observed In addicion, a recent organizing thrombus was found in the lefe anterior
descending coronary arters , jost distal 0 2 pont of eld occlumon An evirenwly
wall-dereloped anastomonc cxrculation was presens with 2 very nch nerwork of
i, jected sessels throughout the heart, Many grossly disseenble connecting
channels eould be traced from one coronary artery to another, Lxtensive myo-
candial fibrows was found throughout the lef ventnicle

Comment This case with meluple natrowings and occlusions imolving 2l
three major coronary artenes demonstrates the remathable compensatory ta-
aary of the anastomotic arculation of the hearr Collareral arculation had de-
“eloped m sufficaern degree to provemt myocardil nfarction m spite of this
extensnie coronaey arcenal obstruction. Myocardial weakness resulung in con-
gesove falure 1n the Tast few weeks of Wife was apparemly caused by extensne
replacement of muscle with fibrous nssue The terminal severe infection, high
feves, and renal msufficiency imposed 2 preater {oad upon the coromary rcula-
non than 1c could sustain The more rapudly progressive myocardial damage with
congestise farbuce and terminal scarrered myotardwal necrosis are expressions of

:\cr f::: :,‘:‘,‘2" :;iﬁhe coronary reserse The fresh, oecluding theombus inthe lefe
2nd could m‘;‘e :5 ;ﬂ:;‘mw attery «wis berween two old complete ooclusions
e g et et 1y
coranary eree. . stuggsh, coronary blood flaw 1n vhis segment of the

n the other 10 per cent of che cases, arterisl hypertension with
casdiac hypertrophy or valvular Jesions was responsible for the cfinical
manfestavions The chief effect of these lesions was to snterfere with
:ﬂ[xxzry blood flow or increase the tequiremnents of the myocardium for
o m :crrby leading to rchative wadequacy of blood supply to the
h)‘d " mn.\ Asterial hypertension and valvalar disease greatly mcrease
e \\orh even under basat condimons and, therefore, himit the
\‘:g; o whch the work. of the hearr may be augmented, as on effort
Without inducing relanive tschemua and cardiae . '

Our dimcal and pathologic studies show y
$is, arteral hypertension,

that coronary attenosclero-
manon, form the cuology

and valvufar heart discase, alone of 1 comb-
cal substratc of all cases of angina pectorss. In
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all 177 instances of angina pectoris in the series, cvidence of such cardio
vascular discase was found. Coronary arteriosclerotic discase wat
present in 159, or 90 per cent, of the group with angina. In those due tc
coronary arteriosclerosis, the majority (108 of the 159) showed ok
complete occlusions of one or more main coronary arterics ot primir)
branches. In thesc 108 hearts, 312 old occlusions were found, ot an aver
age of 2.9 occlusions per heart. Marked and moderate coronary narros-
ing alonc may at times produce angina pectons, but shght corenary
narrowing per se is apparently an inadequate stimulus for the production
of this symptom.

To clanfy the mechanism underlying cpisodes of angina pectoris in
pattents with coronary artery occlusions, myocardal fibrosis was studied
i pauents with and without angina pectoris. The prevalence of myocar-
dual fibrosis and of intercoronary anastomoses m these hearts is consistent
with the hypothests that angina pectoris, myocardial fibrosis, and ineer-
coronary anastomoses all result from myocardial 1schenua; anging
pectonss 1s a chimeal expression, myocardial Abrosis a pathological end
result, and intercoronary anastomoses a compensatory responsc ©
1schermia All hearts with old occlusions arc found to have anastomoscs
by the Schlesinger technique. The absence of fibrosis in some hearts % ith
old coronary occlusion 15 duce to the adequacy of the compensatory col
lateral circulation which developed 1n response to the occlusions.

While there 1s a general relationship beeween the icidence of coro-
nary occlusions and the occurrence of angina pectoris, other modifying
factors such as the exact site of the occluston, the importance of the
vessel involved (7), the adequacy of the collatcral circulation, the rate
at which such occlustons or narrowings develop, the remporary influence
of emotion and of vasomotor reflexes arc also of great importance (8, 9)-
In pauents, previously well, who suddenly suffer ateacks of mild o
scvere angina pectons on but hietle excruion, the occurrence of rnpidly
progressive narrowing or of sudden complete occlusion of a coronary
artery must be constdered if no other cause for reduced coronary blood
flow or increased myocardial requirement 1s found on clinical evaluation.
A similar explanation for reduced coronary reserve must be entertained
in patients with long-standing angina pectons 1f ateacks are suddenly
more readily precipieated. Under such circumstances bed rest is serongly
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advrsable to decrease the demand on the heart shsle the development of
2 mone adequate collateral arculation may ensue.

“Spasm” of the coronary arteries with dimmshed Blood How has :)SO
been snvohed frequently to explam the precipiration of episodes of angima
pectons Amacks of angim brought on by exposure to cold or “by a
distusbance of mind”(10) and prevented o termimated by nitroglycenn
ate difficult to explain solely on the basis of long-standing anatonical
changes i the coranary arterics of myocardium Spasm could result from
adtect effect af eptnephinne ot other esrculating substances on the smooth
tmuscle of the arteries, or 1t could be mduced by vasomotor seflec im-
pulses. The vast accumalation of experimental observations of coronary
vasoconsericion m ammals cannot be transposed to man with assurance,
but recent observations m patients With angina pectons now afford
strong evidence of the evwstence and signifi of infh
Vasomoror teflex changes account m part at least for the effects on
anginal areacks of atropine, local chilling and anesthesta of thehands (1),
ciond sinus sumulanion, tobacco smoking, pulmonary emboli, and
gastrameestinat disorders Indeed, reflex coronary vasomotor spasm may
be imporzant in increasing the extent of myocardial necrosis and the
mortahuty foflowing acute coromry arrery occlusion (6, 12).

The custence of vasomotor effects which reduce coronary flow 15 m
o way ble wich the d and tmp of wide-
Spread pathologic changes m the fearts of pattents W ith angina pectorts.
The F‘““‘“"); enological factors of coronary obstruction, valvular disease,
::‘:d::‘:;‘:lt'u)r; . are e (o be dered the ?‘c1051\'e cavuse of

8 ey comsttute the stage upon which vanous transt

torv factors mav operate. Thus, coranary vasoconstriction, ancmia,
tachy cardiz, byp bolism, or h i
YP

agents in the prodaction of
1s already

may act as precip
1 of pat w2 pagsent w hose coronary arcufavion
. P by artertal ob In the absence of an
equate pathologte substrate, these factars rarely, 1f ever, ate sufficient
1o themselves ro produce angwna pectaris,
m;‘n\c m:ld:rlymg mechanism, then, of angma pectorts appears to be a
" ,‘:(“;Z |=pr(op<‘)’mon betueen the requirements of the heare for blood
e sopply $urmshed by the coronary

3 " e Yy artenes Thus disproporton

results in parotysmal tschemia with 15 clieal counterpart, ai :(‘:Ck of
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angina pectoris, In accordance with this coneept, angina pectoris is pre-
cipitated by states which snerease the work of the heatt such as effor,
emotion, and 1s relieved by caronary vasedilarors such as nitroglyeerin
or gmyl nuerite or by decreasing the cardiac work by restor medicanion
The extraordinary sigmificance of the collateral circulanon in bridging
the discrepancy between supply and demand is of pathologic and chnical
mportance.

Acute Myocardial Infarcrion

The clinical diagnoss of acute myocardial nfarction is based on pro-
longed pain tndicative of prolonged 1schemia plus the clinical expressions
of myocardial necrosis. These consist of shack, characteristic progres:
stve electracardiographic changes, fever, leukocytosss, and nereased
sedimentanion rate. The primary causc is an nadequate coranary blood
supply. Occlusion by thrombosis, subintimal hemorthage, ruprure of m
atheromatous abscess, or embalism is usually responsible, Temporaty
reduction i coronary blood flow or increased work of the heart, in the
presence of a previously compronused cieculation, may lead to ifaretion
without the oceurrenice of fresh coronary artenal lesions. Since the mye-
cardsal infaret 15 the pathologic leston responsible for the chnical syn-
drome, and since the presence, absence, or exact character of the arterial
obstruction eannot be diagnosed climeally, 1t 15 more accurate to use the
term “acure myocardial mfarction’ rather than designations such as cor-
onary thrombosis, coronary occlusion, coronary insufficiency, and so on.

Atheroselerosis 1s the most frequent criology, but in a very fow cases:
arteritis duc to syphilis, rheumaric fever, systemic infeetions, or throm-
hoangntis obliterans may be responsible. Acute myocardial infarction
may be the first clntcal mandestacion of coronary atherosclerosis whon
a single area of atheromatosis 1n an otherwise qmite normal corondry
artenal tree becomes the site of a fresh thrambus (Figuee 9).

CASF 37-2, W G, MALF, 50 YFARS

Close superussion for nine years becanse of gastroantestinal complasnes; p.:rm:wu.lf
auricular tackycardnt, four yerrs, no congestive falure; augins pectarss, eleven days;
coromary thrombosis, myocardul infarction, and death.

A ing of left nuterior descendng anst lefe corctsmfler artevses; frechly depesied

]
Hirombus compleeely occlinding left crectanfles artery, myocardual infarction and b

sequent ripture of the heart
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3 supersision for nine yeacs

¥ cars old, had been under close medical st 5 e

bu:m? :‘:fjgl?dt:(:\:d abdomnal distress withous cbvious cx\icgm b:f! :;) m::l,

nalines on phy sical examination o x-rav. Blood pressuce ~1 been comel

'l;x e four years before death b had had oceasionsd epssodes of pa J) 5y

aur:cn\ﬁzr rachyrardia bus ot o twne shawed any g\1dtlncc ofd t::ilba: RE?::] t::}): e
heavy orh and ematonal censton Beginaing eleven iy 1

::?‘:r‘n‘dn:‘;\uc\s of substernal pain induced by mild exernion, cold, and exeite-

Fresh
Thrombus

RECENT
INFARCT

Weight 430 gm

ke

——» Boss injected 1nto night o
LII ~—» Moss injecied into felt gor
Frguee 9 Diagram of 1ojeeted heart of ease 37-2

ment, rekieved by muroglycerin He was admitted 1o the kospreal six days before
death because of persisrent excrucinng substemal pam Physical exanumanon
was essentiatls negatne cveept for permstent §oer and caracienisic propressne
electrocardiographic evidence of acure myocatdial nfacenion Pain had subsided
and he was focling berter when he snddenty became ashen, dy sprerc, and dicd
Post-mortern exammaton The beart weighed 430 gm There was 2 large fresh
snfarct of the posterior Jefr v enrmicle near the base with a teae of the myocardium
A em dong 2t the antenor border of the infarct. The right coronary artery was
sormal The lefs anverior descending coromary arery was narrowed near s
ongin The feft crecumflex avtery showed ae atea of atherommons wath cone
sulcrable narsow ing ncar the ongm with 3 farge oecuding thrombus The porton

of the heart distal 1o the ocelusion was only poorly filled by myecnon marernal,
and there were no large anastomotic channels discermble
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angina peetons. In accordance with this concept, angma pectors is pre-
cipitated by states which increase the work of the heart such as effor,
emotion, and is relieved by coronary vasodilators such as nitroglycenn
or amy! nitnite or by decreasing the cardiac work by rest or medication
The extraordinary significance of the collateral circulation in bridanz
the discrepancy betw cen supply and demand is of pathologic and clinicsl
importance.

Acutc Myocardial Infarction

The clinical diagnosis of acute myocardial infarction is based on pro-
longed pain indicative of prolonged sschermia plus the clinical expressions
of myocardial necrosts. These consist of shock, characeetistic progres:
sive electrocardiographic changes, fever, leukocyrosss, and increased
sedimentation rate. The primary cause is an mnadequate coronary blood
supply. Occlusion by thrombosts, subintimal hemorrhage, rupture of an
atheromatous abscess, or embolism 15 usually responstble. Temporary
reductton 1n coronary blood flow or increased work of the heart, in the
presence of a previously compromised circulation, may lead to infarction
without the occutrence of fresh coronary artenial lestons. Since the myo-
cardial infarct is the pathologic lesion responsible for the chmical s
drome, and since the presence, absence, or exact character of the arrerial
obstroction cannot be diagnosed chinrcally, it 1s more accurate to usc the
rerm “acute myocardial infarctton” rather than designations such as cor-
onary thrombosis, coronary occluston, coromary insufficiency, and so on.

Atherosclerosis 1s the most frequent ctiology, but 1n a very few cases,
artenitis due to syphibis, theumacic fever, systemic infecrions, or theom-
boangunis obliterans may be responsible Acute myocardial nfarction
may be the first clinical manifestation of coronary atherosclerosis when
a single area of atheromatosts n an otherwise quite nommal coronaty
artenal tree becomes the site of a fresh thrombus (Figure 9)

CASE 37-2, W G, MALL, 50 YTARS

Close supervisson for mne years because of gastromtestinal complauits, parosysmal
aurcular tachycardir, four years, no congestice fatlure, anguns pectorss, eleven d2y%
caronary thropbosis, myocardsal infarction, and death

N of left antersor descending and left circumflea artertes; freshly depossted
thrombus completly otcluding left exvcumflex artery; myocardsal snfarction and sub
sequent rupture of the heart




CORONARY DISEASE 69

The panent had o complaints untl 48 )\uurb:d after admission when she sud-

v died while stramng on 3 bedpan .

dff;ﬂﬁ:;}“_;“h: ?:m Weighed 376 gm. A fresh through-and-through mf.m;ttcn
was found at the base of the left ventncle with ruprure through the infaretion
producing pencardial tamponade Al main coronary arteries showed a{h:ro-
scleross with modsrate maetow g, An ald eomplete occlusion was fmm\'\n the
postenior descending branch of the nght coronary arery, the distal portion of
which was filled with blue mass by collateral channels from the left cororary,
s area 2 shght amount of mucroscopie myocardial fitrosis was found, A
Yarge branch of the left circumfiex coronury artery was occluded by 2 fresh
thrombus the distal pornon of this vessel was uninjected with mass, and the

asca of fresh myocardial mfarcnion previousty supphied by thus vessel showed no
colfateral earcalation,

Ia most imstances. acute nyocardial infarcton occurred without re-
lation o effort or other discernible event. Occasionally,
of 2 previously compromised coronary cireulation,
whichmncrease the work of the heart ot reduce coronary flow temporarity
may procipicate an acute infarction wthout an acute coronary occlusion.
T some persons one ot more of the folloy ng preaipraung factors were
evident unusual prolonged exeruon, msulin hypoglycemsa, concussion
of trauma ¢ the precordial area, shock consequent to operation, par-
oty smal tachy cardia, hemorthage, or other causes. The small epidernics

of acute myocardial infarenon reported following cvery snowsterm affer
examples of this rvpe every winte:
In these times,

wn the presence
special condinons

{5
when early ambutauion 15
myocardial mfarction and bed rest s re;
fashioned, 1t may be welf 1o summariz
‘\\':CESS n an acure myocardial mrll'CT
| by polv h
of the first \\eﬁ Ren:m'z
contiective tissue predosy
815 1o be lard downy by the new Iy formed connective
weeh It gradvally inereases amount,
s maamum i about three months

practiced following acure
garded with abhorrence as ofd-
e the chronology of the heahng
{13} Necrosis of the muscle and
kacytes are the mp features
! of the necronc muscle and replacement by
nate duning the next five weehs, Collagen be-
ussue in the sceond
becomes more densc, and reaches
Thus general ume sequence 15 mods-
the size and position of the infarcr 2nd by the state of the remayn-
0y coromary eircalation Small wfarets may be 2lmast completely hegled
after five weeks Large nfarces usually are nor complerely healed ung
80 10 four monchs have passed.

Jear 1
lear
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In approvimately half of the patients, however, angina pectoris, mild
or severe, has been present. Such a case is the followmg (Figure 16}

©  Fresh ©

o
Occlusions o1
mc,us,w'///\\_,

Weight 376 gm

Acute Inlarck °

Rupture Q?"Q" IIT Moss injected into left cof

I Moss injected into right cof

A-49-9 septum \° © = Uninjected vessel distal 10
I, fresh occlusion

Figure 10. Diagram of mjected heart of case 49-9

CASE 49-9, I N, FEMALE, 71 YEARS

Arterual liypertension twenty years Anguna pectorss three years Prolonged cndue
pan mine and seven diys before death Sudden collapse and death on second diy o
hospttal admisswon

Necropsy showed myocardial snfarction wsth rupture of Ieft ventrucle Ol complett
occluston Tight coromary artery, nurrowng of left anterwor descending artery, j”—"’
occlusion sn left crcuniflex artery

1. N, a 71-ycar-old woman, had squcezing substernal pain onc week before
admission lasting two hours, accomparued by a chokmng sensation and cold sweat-
Hypertenston of 170/100 had been present for 20 years and occasional angind
pectons for three years A second episode of pam lasting onc hour occusred five
days before admisston, but she rematned up and about ar home for five days.
There were no other cardiac symptoms, but the patient entered the hospital be-
cause of anorexia, right upper quadrant pam, and oceult blood m the stools

Physical 1on showed pul y emphysema and basal rales The
heatt was enl:ugcd. the sounds were norinal and 2 fow extrasystoles were heard.
The hiver was enlarged four fingers below the costa) margsn, but there was no
penipheral edema_The blood pressure was 1507100 Laboratory studics showeda
leukocytosis of 12,450 and an clevated sedimentation rate of 1.4 mm per mmute.
An clectrocardiogram, however, was normal.
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angima pecrons and of acute myocardial wfarction, They e g0t bc
advised, as 1M angING PECIONS, YO CORLIMUC AT reduce only shightly their
sul actnics, nor, on the other hand, should they e confined 1o ba!
for long periods of ime a3 m acute myocardual farction. Paticnts with
profonged cardiae patn should be observed closely for seven to twelve
days m order to derermine whether they eshibn the chnieal chatacter-
sstes of coromary farlure and to be cerram that the atrach of pam 15 not
the preliminary wamng 1o be follow ed after some days by an annack of
acute myocardial mfarenon, a sequence 1hat s been ermed “prebimi-
racy pam” ot “impending acute cotonaty usion™ (15, 16). If con-
unued obsersanon indicates an artach of uncomphicsted acure cotonary
fsture, the panent tay be permated to assume grodually increasing

actmry, sicung ap i a char after approumately one weck and then
becomng ambulatory

Summary and Conclusions

{n thus survev, T have covered same of the cluef aspects of our hnow)-
edge of the coronary artenes and the coronary tureulation which have
direct chcal implicanions

1 Some of the umgue physittogieat charactenisties of the coronary
areulsnion have been pototed oyt

2 In the nonmat heart, the coromary artenes are functonally end
arteries \Watery thyecuans, haweser, reves! anromyieal fine anastomonc
commemicanions between the coromary arteries measuring Jess than 40
mucrons. Bat they are of hiuted funcnonal signsficanee n cbviatng the
untoward effects of sudden coronary narrow ing or occluston

3 Comyplete occlusion or conudesable narton ng of one o7 more coro-
nary astenes may eust withour giving risc 1o any chmeal signs ot symp-
toms a0d withour having produced myocardiat damage. -

4 The apparenr nconsisrency between the \:rcm\ze of long-standmg
o;asxl\xuvc artersal fesions and the absence of stgmficant pathologie or
chitucal evidence of myocardial dsmage 1s dispefled by the demonsiration

of 2 callarera carevlation which serves as 2 by-pass m relauon 10 the
sbstruction in each of these hearts
5
. ;(}{e patholome 2nd physiclogic subseease of angina pectorts, coro-
¥ tarlure, and acute myocardual wfarcnon have been discussed

6 inall three of the discussed syndromes, 1 ¢, angna pectorns, corg-
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The pathologic and chinical events in the first two months following
acute myocardial infarction have an important bearing on the occurrence
of cardnac rupture. Rupturc of the heart was responsible for 10 per cent
of the deaths of our patients who died during an attack of acute myo-
cardial nfarcuon. A study of the data on the through-and-rhrough
necrosts responstble for rupture revealed that persistent hypertension
and cffort were the two most mmportant ctiological factors associated
with this catastrophe.

Observations in Patients with Coronary Failure

In certain cases, a perplexing diagnostic problem confronts the phy-
sician when cardrac pan more prolonged than that consistent With
angina pectoris occurs, but, on the other hand, the clinical evidences of
myocardial necrosss, such as fever, leukocytosis, increased sedsmentation
rate, progressive electrocardiographic changes over a period of days, aid
the other recogmzed chinical features of acute myocardml nfarcrion, ate
not observed. The hearts of such patients did not show myocardial jn-
farction on the occasions when they were examined post mortem, on¢
or more areas of coronary obstruction wcre present, however (14): In
accordance with the concept that cardrac pam 1s due to relanve myocs
dual 1scherma, such attacks usually were conaident with increased de-
mands on the heart, such as paroxysmal heart action, emoton. or
exertion, whereas, 1n other mstances, decreased coronary blood flow
following fall of blood pressure 1n shock was apparcntly responsible. In
some hearts, fresh coronary occlusions or fresh arcas of narrowing were
present. The occurrence of pan reflects the absence or temporary in-
adequacy of compensatory collateral circulation These episodes of coro-
nary falure differ from angina pectonss in the longer duration of the
artack and 1n some mistances 10 the altered characteristics of the pam. On
the other hand, the signs of myocardial necrosis are absent. The chmeal
dragnosis of cither angtna pectonis or acute myocardtal infacction would
be erroncous. We have designated this intermedrate syndrome of pro-
longed cardiac pain as coronary fatlure

The therapeutic management of cpisodes of thus intermedate syn~
drome of acute coronary falure depends on clinical recogmition and
of the underlymg phystologic and pachologic changes.

proper cvaluation
pauents with coronary failure differs from thar of

The treatment of
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angma pectonts and of acute myocnrd}a\ infarcrion. They :‘m\sz‘r:o: be
advised, a8 n angina pectoris, te conuinve of reduce only shghtly thar
usug) acuvities, nof, on the ather fand, should they be mnﬁn.cd o bcd
for Jong periods of ume as an acute myocardial infarcuion. Fatients with
prolonged carduac pawm shosld be dbserved closely for seven to melve
days 10 order to determine Whether they exhibic the clinical s:i'tn':mcv
1smcs of coronary farbure snd vo be certatn dhat the attach of pain is not
the preliminary warming to be foliow cd afrer some Says by an ‘:mc‘,; <3(
acme myocardial wnfircnon, 3 sequence that has been rermed “prchimi-
nary pain” or “xmpending acure cofomaty’ ocdusion” {15, 16). If con-
vaed abservation ndieates an attych of uncomplicated acute coronary
farlure, the patient may be permitted 1o assume goadually meeeating

acvity, situng up 1 a char after approumately orie week and then
becoming ambulatory

Summary snd Conclustons

fn this survey, T have covered some of the chief aspeets of our knowl-
edge of the coronary artenes and the coronary crculation which have
direct chmeal imphicanens

1 Some of the umque physiological charactenisuics of the coronary
excaubation bave been pasnted aue

2, I the nomal hear, the coronary asteries ate fumtionally end
anteries Watery ijections, however, reveal anatomical fine saastormoue
communicanions between the coronary artenes measunng less than 40
microns Bt they are of imured funcrional significance in ohviating the
untoward effects of sudden coromary nassowing or occlusion

3 Complete occlusion or considerable naryowang of ane ot more coro-
TaTy TiEnes Mmay etst without gvmg f1se o sty chnieal signs of symp-
toms 20 without having produced myorardat damage

4 The apparent inconsistency beeween the presence: of long-standing
obstrcnve artenat lesions and the absence of significant parhologc or

elitveal endence of myocardia) damage 1 dispelled by the demonstration
of a collateral crculation which serves as 3 by

$s 1 relanon to the
ebscrucuon w each of these heans, i
5 The pat e
—r pathologie and physiologic substrare of AN PCCROKLS, COTO-
v falure, and acute dial 1afs Rave been d d

6 o all shree of the discussed syndromes, t e, 4ngina Pectons, coto-
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nary failure, and acute myocardual infarction, the underlying mechanism
scems to be a relative disproportion berween the requirements of the
heare for blood and the supply through the coromary arteries The
changes 1n the myocardium resulting from this disproportion depend
solely on the catent and duration of the relative 1schemia, not on the
manner 1n which they are produced.

7. The absolute necessity for immediate and complete bed rest, sedi
tron, reduction of excessively high cardiac rates, and other measures de-
signed to reduce the work of the heare in the presence of prolonged
cardiac pain is emphasized as a means of imiting the extent of myocandul
nccrosis or even preventing its development. Such a regimen abso affords
an opportunuty for the development of a mote adequate collareral cir-
culation. Stmilar considerations would scemingly apply to p.mcnrs.in
whom angina pectoris suddenly appears or when the frequency or -
tensity of the attacks suddenly increases
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Chapter 6

THE CLINICAL RECOGNITION OF
CORONARY HEART DISEASE *

Robert L. Lewyt

O 'ER NINETY per cent of the lestons which affect the coronary

arteries are due to atherosclerosts, and 1t 15 with this group that
the present discussion 1s concerned. Coronary heart discasc occupies 2
dominant place m chmeal medicine because of the large number of indi-
viduals involved, because 1t kills or mpairs the efficiency of many who
arc n the most productive peniod of life, and because the prceures which
1t presents are so varied i therr mamifestations. It offers a challenge in
that the fundamental mechanisms involved m the production of arteral
degeneration are sull imperfectly understood.

Historical Background

The earliest observations correlating advanced disease of the coronary
atrenies with serious illness were probably those of Théophile Bonct of
Geneva (1) In 1700, he described the case of a muddle-aged poet who
died shortly after a paroxysm of dyspnca which may well have been an
angmal seizure At autopsy there was found ossification of the coronary
arteries and these were almost completely occluded.

There are tw o prominent landmarks in the development of our hnowl-
edge. The firstis the deseriprion of angina pectorts by Wilham Heberden
m 1768 (2) Heberden, however, was not aware that the chest pangs
which he deseribed were connected with the coronary arteries. It was
Jenner who pomnted out this relationship several years later The SL‘COY:Id
15 the account of coronary thrombosis by James B. Herrick as given in
his papers published 1 1912 and 1919 (3, 4). Hernick’s story of his

* Presented October 9, 1951, at the Twentv-fourth Graduate Fortmght of
The New York Academy of Medicine
+Trom the Department of Medicme, College of Physicnns and Surgeons,
Columbia University, and the Medical Senvice of the Presbyteran Hospreal
7+
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efforts to acquamnt the medical profession » ith fhc chinical fvmm‘r‘cshof
coronary heart diccase 18 told 1o tis Tecent a\:mb\ogu;ﬂ}y which he has
calied Memones of Etghty Years (5). It 15 chamcucrisue of the re-
Juctance with which new viewpornts so often are received

“In 1912, he says, “my paper on ‘Chinical Features of Sudden Ob-
struction of the Coronary Artenes” appeared, based on a case of coro~
nary thrombosis in which 1 had made an ame mogtem dugnosis. Recog-
nusng the radical nature of the views 1 held, which led me o c(mclud'::
that thus condition was not, s was then the behef, merely a pathologic
curiosity but i reabity a chmcal enuty with symptoms ‘h:\,( often made
1t possible 1o diagnose 1t duting ufe, 1 postponed pobhcation for some
wme uned, by search of the lwerarare and fuether observauon, 1 had
reached conclustons that seemed to me yustifiable and sound. The paper
when read 1912 before the Assocuation of Amencan Physicans
aroused no macerest It fell ihe a dud ™ It was seven years later, after the
pubbration of hus sccond paper, Yo quote further, that “physicians
Amenea and later 1 Europe wole up, and coromary thrombosis came
1010 1ts own, 1o became later 2 houschold word translated by the layman
nto ‘heart atrack.’

fr fas aways seemed to me that the contrrbution of Emst von Leyden
of Danmg, published 10 1884 (6), has not boen given the TeCogMNOn
which it descrves Leyden was a good pathologist and an cxcellen
chintcran He divided coronary sclerasts, with respect to s effects. into
four groups 1) sclerosis withour disturbance of hears function, that 15,
withowt sympeoms, 2} 2cute thrombone softening or hemorthagic m-
fatetion, 3) a chronic form feading 1o dissermnated or diffuse Bhrous
degeneration of the myocardium and, 1m some 1mstances, to vencricular
ancurysm, 4) a comhined form i which is found an old fbrotic process
2s well as acute thrombotic softerung. He 5o described the group of
acute eases with sudden death e 1s surpnising thar this apptoach, which
chscmblcs $o closely our current views, was relatively gnoted even in

crany where these and other pertinent observations had been made,

Recognttion 1 a Modern Hospital

Exghtcen yeats ago an anempt was made 1o trace the development of
awareness of the coronary prablem i the wards and autopsy room ar
the Presbytenan Hospital in New York by charung and compating the
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incidence of clinical and pathologic diagnoses during the period from
1910 to 1931 (7). Thesc observations, published in 1934, have now bec
extended to cover the period from 1910 to 1950, and since 1930 cases
n various affiliated institations in the Columbia-Presbyterian Meddl
Center have been included. The figures obtained during a year have boca
tabulated at S-year intervals. In thus way certain facts and trends have
become apparent (Table 1).
TARLL t

Clmeal and Autopsy Incidence of Coronary Diagnoses at Five-year Tnternabs,
Columbra-Presbyterian Medical Center, 1910-1950*
Rate of  Fer cent
elomeal of vl
coronary  dutopsiet

Total Cloned Autopsy  dugnoses ath

hospal  coronary  Total  coronary  per 1000 corority
Yerr adpussions  dugnoses  autpsies diagnoses admnsoions dignoss

g

1910 4,038 — 1t 11 —_ 29
1915 3,843 2 13 21 0s 186
1920 4,300 n 126 43 2.6 1
1925 4,092 19 1m? a4 4.6 376
1930 14,788 107 231 68 7.2 294
1935 17,134 132 304 92 7.7 303
1940 19,878 173 292 i 8.7 380
1945 21,427 213 283 12 9.9 396
1950 25,474 228 295 141 9.0 418

It 15 clear that 1 these data arc inherent certain errors which canoot
be avorded. Therc 1§ varation in the character of the hospital populnim
wath respect to disease, age, and sex. There 1s variatton also i the com-
position of the autopsy material with respecr to the types of discases
observed. The shight changes n the figures of Table I, due to the modi-
ficatron of the hospital population by the fater meluston of exclusion of
certain of the affihated mstitutions caning for speeral types of cascs, myy
well have been due to chance vanariops For esnmating the frequency
with which the clinical diagnosis of coronary discase was made, only
those records werc used in whych there was speeific mention of coronary

* The composion of the hospiral population varied somewhat duning the
pcriml covered Ward, semiprn ate, and privare patcnts are included 1rom
1930 on, Sloane Hospital (with its newborn) 1s included 'rom 1930 on, e

Insutute is included, but Babies Hospital. Newrological Instisute, Orthopedic
Hospml. and Mary Harkness Convalescent Home are excluded
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mvohement. In mony instances 1t seems cermain that, in the =bscnccvof
matufest symproms OF SITAS, OF because intetest in some other cmfd\m\n
«was domenant, s diagnosts was ot recorded in the fnal appraisal of
e case. Such syrcusmstances cbvioudly would lower the figures for
nerdence. Tn the autopsy group ali types and degrees of' coronaty {esions
were meluded As was indicated in our previous publication, mote than
97 pRT SO were atsnasclerotic.

The reseles, shown 1 the final two columns of Table 1, have been
review ed to determine whether some of the Ructuations might be merely
chance vatuations * It is noteworthy that the tesm coronary discase docs
ot appear a3 3 final dragnosis i any tustory w 1910 {n gowng over some
of the old fites, one finds reference to anginy pectons but pone 10
coronary thrombosis or myocardial nfarcion. Such cases were desig-
wated as chrome myocardins, catdiac msufficiency, or, oceastonatty,
prrena of unknown pngn. This fatter group was shown at awtopsy 10
tepreseas instances of cardia wfasenion with fever, The general trend
m frequency over the enure penod shows a steastically signtficant 1n-
crease. The relationstup of sudden mereases 1o the publicanion of Hes-
nck's observattons is of considerable interest. In 1922 hus first paper
appeared Although generally neglected, hus observanions made some im-
pression ac the Presbyrenan Hospital because the dragnosts of cotosary
discase w15 made tvace dunng the yezr 1915, In 1919, after publication
of bus second paper, there w25 a targer upward jump 1 the rate of chinseal
diagnosis from 0§ o 2 § per thousand admusstons. Frarm thea o, there
oceurred a gradually progressive serease w the nwrober of coronary
dl;\g!\flsts. ithough the change from year to year was not stanstically

smiicant, However, che difference berneen the figare of 4 6 10 1925
and of 9.0 1m 1950 s sigficant Duning the past two decades there has
been 0o importaat werease
The pathologssts recogruzed and recorded coronary dragnases even 1n
X’:i::%:: ::c z:rnd dusing the next 40 years ts stanstcally siguficane,
mong the elucians, the pachologists wese made more
avare of the umporance of the <oronary aneries 1n relanon to the
chouel earvres of dhscase after Herrich's first paper, and there 15 a fise
£om 9 9 pes cent n 193010 18 6 1n 1915 Agam, afeer Herachs second
“‘t;:é:zi?a:\:&'\‘;%“;\ of the Schoot of Public Health of

¥
wersuy, Lamuhed helpt advice i tho e O
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ineidence of chnical and pathologic diagnoses during the petiod from
1910 to 1931 (7). Thesc observations, published in 1934, have now been
extended to cover the period from 1910 to 1950, and since 1930 cascs
in various affiliated institutions in the Columbia-Presbyterian Medical
Center have been included. The figures obrained during 2 yeat have been
tabulated at S-year intervals. In this way certain facts and trends hae

become apparent (Table I).

TABLE t

Chinical and Autopsy Incidence of Coronary Dragnoses at Fine-year Teruab.

Columbia-Presbyrenan Medical Center, 1910-1950*

Rate of
chmeal
coronary
Total Climeal Antopsy - dugnoses
hospal - coromary  Total - coromary  per 1000
Year adnnssions  dugnoses  autopsies  diagnoses admisions
[ TTssions | dugnoses  attopsies | algr o
1910 4,038 -~ 1 il -
1915 3,843 2 113 21 05
1920 4,300 11 126 43 26
1925 4,092 19 117 4 46
1930 14,788 107 231 68 7.2
1935 17,134 132 304 92 77
1940 19,878 173 292 il 8.7
1945 21,427 213 283 12 9.9

1950 25,474 228 295 14 9.0

Lercent
a/ totd
autopsws
i
coronary
duagnosts
e

99
186
341
376
04
3
380
39.6
»
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concern The one common denominator at the basis c.f the t'!\migcsg::‘;!nss
of all coronary disease 1§ coronafy \nsuﬁiclfncy.“\s m.ﬁ)vk lefined
the disorder 1n which the amount or quality of blood is )mdcq'.mc. 10
meer the demands of the myocardium if it is o funcnon 25 an efficient
purnping mechanism Oxygen 15 essential for fﬁcctl\c mnsvu\a‘r con-
tracuion; hiypatia of anoua of the myocardiom is the fundamenral cause
for the disturbances produced  These may result from various ama-
e ot phystologic fesions
' Tncﬁg\x‘;e’\l‘ ﬂ:crc 1s presented a schema which, i1 is believed, "u.!-
elides the various chieal features of coronary heart disease on the basis
of coromary wsufficiercy. It offers a simple concept and onc in which
there 1s unuty of cause

Coronary insufficiency may be acute or chronic. la the acute form,
there may be na recent ocelusion and no recent ifarction In this vanery
pain s the most common symptom Discomfort may be brief, of the
angral vanety, or 1t may be mote prolonged, lasting 20 rinutes or more
aed yet not followed by cardiac nforcuion This 15 the type of pam
imtermediate between the discomfort of an anginal astack and that as-
sacuced with occlusion and infarcnon It has been designated by Blum-
gatt (9) as “coronary farfure”, bur merely because of wts duranon, it
docs not ment 3 pame of s own There are certan pain equevalents,
suchas wezkness, $w eating, or 4 sense of peessure or tighmess 2eross the
chest Discomfort may be referred to the abdomen and regarded as a3
drgestive disorder At nmes putmonary edema or paroxysmal dysprea
will usher 1 an arach Focezl anaxsa tmay witate an arthythmia Sudden
death w the presence of an umparred coronary erculation ™ay foltow
some unusual exerziar ot emotional expesience; 1t 15 to this type that the
rerm Macute, fat coronary insufficrency™ has been apphied {10},

Recent oectusion of a vessel, whether by 2 thrombus or atheroma,
or marked stenoss may eause fresh snfascoon. Under these conditions,
e o v, S e e ey 4 socated i

g 2 ¥ be substtonen symproms, such as

wmild substermal pressure, gencral weakness, sw eanng abaut the head and
aech, or digestive disturbances. Pulmonary ederma someumes is ob-
served follow ng sudden closare, and congesnive £

3 ve fatfur 3
the collatera) curculation 15 ' e

adequate to nounsh
inpured hesrt musete Occlusion may

the remaming un-
be withour discomfore and some-
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paper, there 15 a significant increase from 18.6 to 34.1, From then on,
the variattons are only of borderline significance or not significant at al

In shore, during the pase 40 years the number of clinical dsagnoses of
coronary heart discasc has increased in frequency in @ harge unvessity
meducal center. Greater dragnostic skill probably was largely responsible,
particularty in the carlicr years, The duminution in the number of patients
with acute mfectious diseases and the aging of the population, as welfss
other changes in the character of thase admitted to the hospital, are
factors which must also be considered. Although prior to 1920 there is2
wrend upward of the meidence found ac auropsy, the slope of the cune
15 not as sharp as thar depicting the frequency of climeat dugnoses In
fact, tn the later years, the medence appears to be essentially constant.
Wichin the limieatsons of the characrer of the autopsy matestal, it soms
that the clinictans, wath the ard of more accurate methads of diagnosis,
afe now recognizing conditions during hfe wiich have for 3 muck
longer penod been apparent to the pathologrsts.

No clum 1s made diat shese figures are generally applicable and
represent an over-all peeure, They are, however, probably mare relable
than any which could be obramed from death cernificates A comparable
study was recently published by Morris (8), who analyzed nceropsy
recards of the London hospital where the coronary arterics, as well a8
the myoeardium, have been rouuncly cxannned sce 1907 Some 6000
records from thus hospieal were studied from thac date to 1949, They
showed a sevenfold inerease during rhus pertod m the number of cases of
coronary heart discase. Morns concluded that caronary sclerosis and
myocardial wfarction, rare before Warld War I, have since hecome
commeon and that this increase represents a nsing mewdence rather than
better recogmition, Qur own obscrvanons suggese thae hathy factors
probably are concersied, but tend to place the preponderant cmphaxix
on greater accuracy in diagnosss

Clinucal Recognition

The dragnosuc approach to sy group of diseases sequires a logical
classthication for proper understanding. Atherosclerosis of the coromary
arteries causes a vanety of pathologie lesions, bath m the vesscls and m
the heart muscle. From the pomnt of view of the physician who treats the

patient, it 1s the resulting disturbances n function which are the chief
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From the point of view of the atrending physician: the moast impnn;nt
dagnosnc problem 18 10 deterrone whether recent infarcrion has aken
place, for upon s presence or absence will dcpcAmi \h’c gmcrxl m:\mgct
ment of the panent, The ernens for the dugnosis of infarctian ace now
well estabishied, but 3t is proper to emptasize again thit the pictare of
coronary heare disesse 15 vaned and thar its recognition somenmes
presents real difficuluics. There 15 6o classic pattern.

D'\gg“gs\'\t Alds

Sclerosts wathott recent oceluston "There 1s to form of examinanion which
1s a5 wnportant 3s the taking of 2 good tstory. Ths has been sad rmany
tames but seil 18 tot sutficrently apprecuted. The physicin who 1s re-
sponsible for the cate of the panent should be the one to hear from the
sufferer’s own hips has ustory of discomfort. In many cases such an
account, 1f skallfully obrained, suffices for diagnosis, 1t may be the only
evidence obtamable, for the physical examnaion and all specnl rests
may prove to be negauve

On physieal cxamination, the presence of cardiac enlasgement, in the
absence of hypertension, vatvular disease, or other munifest cause,
should always arouse suspicion. This should be confirmed by x-ray or
otthodiagrapue examination Changes i the form of the electrocardio-
gram way afford graphie evidence of rayocardial snjury. OF parucular
moportance are bundle branch Block, significant T-wave neganvary, and
acrhythouas, parseutardy aunculovenmeutar bloek or auncular fibrila-
tion of flutter It should afways be hept 1 mund dhat aleeeanons m the

! d are not ily speaific and thar they must be
werprered i terms of the chmeal picture as 3 whole, 1718 not possible

to make 2 dragnosts of coronary heate disease on the batis of the electros
tathogram sone

I vecenr vears, the ballistocardiograph has begome of mcreasing -

terest as 3 diagnostic tool. In us ongmal forms, whether damped or
daroped
ped, 1t s a cumb

and T g Con-
siderable techmeal shifl fot its pmpt:r‘mampulmnn The :2:::"\::::-
pretstion of ballistocardiographuc records Wkewse demands experience
and speeial kmontedge. 1o the hands of Starr and others such tracings
have afforded carly endence of myocardni dysfuncnion and have sui-
gested coronary insufficiency at 2 ume when ather methods faled :n



&0 DISORDERS OF THE CIRCULATORY SYSTEM

times occurs “‘sifently,” particularly in the old and debibiated. Sudd
closure may initiate ventricular fibritlation and be followed shordly t
sudden death,

1n the ronic - fornt there 15 no secent occlusion and no recent infareto
The common finding is myocardial fibrosis with or without heak

Brief {ongmal
chméMadem!ely

prolonged
Patnr equivalents
Pulmonary edeme
Paroxysmal dysenes
Arshythmios
Sudden deoth

No recent No recent
aceluston intarction

Pan (profonged)
Subshitution symptoms
Reacent ocelusion Recent Pulmonary edgmo
or morked stenosis nferction Congesiive failure
b1 .
Silent
Sudden death

CORONARY INSUFFIGIENCY

GHRON!G/ \ACUTE

No recent occluston

Myocordiol fibrosss Mo recent
with or without wnfarchion
heoled infarchen

Congestive foilure
Arrhyfhmias
Asymptomahic

Pigure 13 Chneal features of caranary msufficiency

infarction. This 1s the condition to which formerly was applied the wim
“chronte myocarditis.” The heare ss usvally enlarged, and congesuve
failure 15 frequent. There may be archythmtas of various sorss, ncludieg
prematsire contractions, auricular fibrillanon or fluteer, or varymg df:"
grees of aunculoventocular heare block, Somenmes the condinon 35
asymptomane and 1s discovered only when the clectrocandiogram shows
bundle branch block, significant T-wave ncgativity, or other evidence of

old myocardial mpury.
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v ertion,
th 2 burning sensation behind the sternum “Tins occurred onl?l ‘o“hc;: crbm‘
B hogeams and x-ays of the chest tahen then, were sud to e
ﬂtﬂrmf“lﬂg insed at work, far 2 3 car although the sensanon recurred -
“ﬂ:gm‘d:n( zc\::( another ©-Tay was made, and he was told that bus hcn;( ;\‘ zs\:‘n;
\a:z?\\ Aspinn and bicarbonate of soda apponrcd'm m"vrg some ::l‘xzd r;r ‘:e
oo ta Arzana for stx months but mumfd 10 New Yor! ;Tm;‘;‘\&  Torthe
o months priot to admission he complained of atrachs of hmfelihe p:

=3

e
E
i

B
ﬁv :
53 =

Fugure 12 &noxernia test () conwrol, (B) after breathing 10 per cent oxy»
geo for 5 munwtes, 1C) after 20 minutes of hypows, (D 5 minutes after
Breathang 100 per cent onvgen for | mumete,

soght shoatder whych sometimes cadiated 10 the right nng finger These occosred
chiely m the eveing before renmag Notays of the gillbladder revealed wo
stones and no disnsbance i funcrion He stated that autroglyeenn rehie ed the
pan i hus rght shoulder but did nor ffect the discomfort 1n hus chest is story
rammbled 3nd was confusing

Examinanen showed no cardac enlargement on physteal examination or by
-1y There was a shore, bowing sy stolte murur at the apex The blond pres-
sure was 135 mm b2 systohc, 90 diastolie The blood count was normal The
\enous pressute Was 78 mm of water The arcutenon vme, by the Decholin
method, a5 20 seconds Xerays of the gastrowestnal tract Tevealed no ab-
normalicies There were osteoarthnne changes i he thotanse spime, espeaially
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indicate 1ts presence (11). Resules obrained with the use of smalke i
struments, such as that devised by Dock (12), should, for the proseat,
be accepred with caution. These devices are more susceptble to osclle
tions produced outside the body than are the table models. Whether
records obtamed with the smaller machines are wholly relisble is sl
open 1o queston. It scems hikely thar a relacvely simple and accurare
ballistocardsograph will be developed in the near future. The pracucil
uscfulness of such an apparacus s still ta be determined.

in 2 smal] group of cases, the history and exammation leave the ply-
sician 1n doubr as to whether he s dealing wich a coronacy problan
Undur these eircumstances, two speaal stress tests have been devised
The two-step exercise test of Master {13) is comparatively simple 10
perform. The chief objections to it are thae 1) criteria of 2 pasitivc fe-
sponse are not well defined and 2) false positives accar (14). Thesee
our opinson, are serious faults. Furthermore, we arc not coavinced of the
claim made by the sponsors of this test that a neganve resule excluds
coronary msufficiency.

Our own studics have been concemed more particularly with the
anovera test, during which the patient is made to breathe, at the nocel
rate of respration, a muxeure of 10 per cent ovygen and 90 per cfflr
nitrogen (15, 16, 17). This test has now been used extensively bath i
this country and abroad and, v ith the exercise of the simple precautions
which have been outlined, is entirely safe. Anoxua ts quickly ceversible
because 100 per cent ovygen can be given at once. It shoukf be nszji
only m cases in which the diagnosts 1s sn doubr The critersa for a post
nve effect have beea clearly stated and i thousands of tests perfornted
in many elmes have been found ea b vald, A secene eepose by Nytin
(18}, of Stockholm, presents favorable resules 1 1130 cests. In the bght
of a large expertence, we can reiterate the statement that a posierve Kest
is a sign of coronary msufficieney, on the other hand, a negatve st
does not rule out the possibiliey that lesser degrees of coronary in-
sufficicncy may be present

The followng case report relates an mstance i which the test was 2
deasive factor 1n diagnoss

C. G (Umt No 842455) was a jewelry salesman, S8 y ears of age, and was re-
ferred from another hospital becanse of pan i the chese and shoulders, of one
onely's duratron. However, the present liacss really began fise years preceausly
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i aly on exertion
with 2 burmng sensaton beund d\;e sl:\nmm J;-:hﬁzr:: :ai& e,
. y: 18 ¢

dograms and vrays of the ches e

ﬂmmr\\l:‘mnnmcd a1 work for a year although the sm‘zl‘;\on hrc(l:r:\ : ;'

et {2y car, another <ordy was wade, and he was told that fus ca; e

;M :‘\a u\s;?nn ;n& icatbonate of soda appeared ro afford some relief. He wat
largs B

sent to Anzona for siv monshs but rex

aurned 10 New York unioproved, For the
two months priot 16 admssion he complatned of artachs of hfelihe panin the
3

Fugure 12, Anovemus test (o) control, (B) after breathang 30 per cemt axy-

gt for S minutes, (C) afeee 20 munutes of hvpour, (01 § ounures aftet
breathing 100 per cent ovgen for 1 munute

right shoulder which somenmes radiared 10 the right g finger. These occurced
chiefly 1n the evemng befere rennng Xerays of the galibladder revealed wo
stones and fio disturbance in funcrion He stated thar mitrogly cersn rchieved the
pain an brs right shoufder but dsd not affect the discomtfore 1n hus chese His story
aambled and was confusing
Lxamination showed 0o eardiac enlargement on physical examinanon or by
%12y There was a shore, blow ng sy stolic murmur a the apex. The blood pres-
sure was 135 mm Hy 5y stobe, 90 duastelic The blood count was normal The
SEOUS PIESSUCe was 78 mm of water The cirutanon time, by the Dechotin
mrethed, was 20 scconds Xerays of the gastramtestmal tract revealed no abe
sormabines Thete were ostecarthnne changes i the thoracic spine, espeenally
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on the nghr dide, An clectrocardingram, wcluding precordial teads, was nomal
The anorenua test was strshingly positive, as shows i Figure 12, There nae
changes u both the RS- segmeats and m the T waves, The panent did nat com-
plam of discomfors durng the test bur at 1es conclusion savd thar afrer 10 minures
of hyposia he expenienced pain 16 the upper back on vhe eight side and across the
night chest. The oxygen sataration of the blood was derermined dusing the pennd
of hypawa by dhe Mudldkan oaumeter. The control teadyng was 97 per cont, afeer §
mnutes, 78 per cene, afier 20 minutes, 75 per cont; § minutes after breathing
100 per cent oxygen for { smmute, 98 per cont,

Recent obscrvations by Gofman and hus associates (19) indicate that
vararons 1 the paterns of lipoprorem i the blood serum, as studid
with the ultracenurifuge, may refleet varying degrees of error in bpid
metabohsm. A strong posive correlation has been demonstrated bes
eween elevanon of the farger “S {0-38" class of hpoprotesss and di
rate of development of atheroselerosts. Chemmeal changes n the blood
and tissucs may well furnish chies relating to the origin of areernal dee
generation, and it scems possible thar sueh changes may e employed
diagnostically to derect the baste metabolic fawe w s carly stages ata
ume when ir can be retarded or reversed

Summary

The custence of lesions m the coronary arteries has been known for
several ceneuries, bue the correlarion between the pathologic changes m
these vessels and vhe elmicat mamfestanions eaysed by them were show
to be recogruzed e 1s only in the past dursy-five years char the modict
profession has decome fmuiliar wieh the problems of eorvnars heat
discase and aw are of therr importance. There has been an mercase w the
merdence of the diagnoses of coronary disease ductag this period, both
at the bedside and ar the autopsy table, as wdieared by a srvey of the
records at the Columbra-Presbyrenan Medical Canter from 1910 10
1950. The upward trend m the frequency of chimeal dugnows has been
greater than that in the avtopsy sertes, probabh due s large pare to e
development of greatee duagnosuc shill, however, dhere appears ta hne
been 2 sigaficant increase as found at autopsy, most marked durmg the
decade 1910 to 1920

The clical mamfesranons of coronary hicare disetse ase due to 4
funcrional disorder which, s all mstances, 1s coronary wswflicrency. A
schema has been presented on the basis of wiuch these features, acute
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or chromic, with or withour infarerion, may bc viewed as effcers of 3
dispropornion betw een the amount of blood available for the myocardum
and the work which the heart s called upon 1o pﬂfcn.\\

Cortam dragnostic auds have been discussed and their value has been
apprased The solucion ta the problem of coronary heart disease 35 to
be found in discovenng the cause of atherosclerosis, and cvenrual under-
standing of 1t nature will potne the way to more cﬁtmi\'c therapy and,
of even greater 1mportance, to measures for prevention,
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on the right side. An clectrocardiogram, including precordial leads, was normal
The anoxemia test was strikingly positive, as shown in Figure 12. There were
changes 1n both the RS-T segments and in the T waves, The patient did not con-
plain of discomfore during the test but at its conclusion said that after 10 minutes
of hypoxia he experienced pain in the upper back on the right side and across the
night chest. T he oxygen saturation of the blood was determined during the perind
of hypovia by the Millihan oximeter. The control reading was 97 per cunt aftet §
minutes, 78 per cent; after 20 nunutes, 75 per cent; § minutes after breathing
100 per cent oxygen for 1 minute, 98 per cent.

Recent observations by Gofman and his associates (19) indicate that
variations 1n the patterns of hipoprotcin in the blood serum, as studied
with the ultracentrifuge, may reflect varying degrecs of crror in lipd
metabolism. A strong positive correlation has been demonstrated ter
tween clevation of the larger “SF 10-30"" class of lipoprotans and the
rate of development of atherosclerosis. Chemical changes in the blood
and tissues may well furmish clues relating to the origin of arterial de-
generation, and 1t scems possible that such changes may be cmp]")'“’
diagnostieally to detect the basic metabolic fault in ies carly stages at3
ume when it can be retarded or reversed.

Summary

The existence of lesions n the coronary artertes has been known for

several centuries, but the correlation berween the pathologie changes in
these vessels and the chineal manifestations caused by them were slow
to be recogmzed. It is only 1n the past thirty-five years that the medical
professton has become famtliar with the problems of coronary heare
discase and aware of their importance There has been an increase i the
meidence of the diagnoses of coronary disease during this penod, both
at the bedside and at the autopsy table, as ndicated by a survey of the
records at the Columbia-Presbyterian Medical Center from 1910 to
1950. The upward trend in the frequency of climeal dugnosis has been
greater than that in the autopsy serics, probably duc in large part to the
development of greater diagnostic skall, however, there appears to have
been a significant increasc as found at autopsy, most marhed during the
decade 1910 to 1920.

“The clintcal manifestations of coronary heart disease are duc to 3
functional disorder which, in all snstances, 15 coronary nsufficiency. A

schema has been presented on the basis of whuch these features, acute
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‘THE IMPORTANCE OF CARDIAC
ARRHYTHMIAS®

Louis N. Katz1

1S A PRIVILEGE to parucipate in the 24th Gr'adxme Formighr,
Ir“‘mc'n represems the jome efforts of The New Yark :\c.adcmy of
Medicine and the New York Heart Associanon, 3 most smporsant
2fliace of the Amencan Heast Associanon. .

The subject of the irregufanties of the heatt 15 an old one bue it necds
review, It consticotes an ymportant area of chimcal mcfhcmc rh?z‘ the
physieran reeds to know tharoughly. Carduc acthythmias are divided
(o 1) dsturbances 1n smpulse mination, and 2) diswtbances of impulse
conduction (1)

The wopulse for the heartbeat way anse w the prmary pacemaker,
he sinus node, or 1 some cctopic pacemaker outside the sinus node.
When 1t anises s the sinus node, it may be 3 regular stnus rhythm, wich
3 regular penodioity somewhere benwveen £0 and 100 beats per msnute
{t mav be Taster than this, snus tachycardus, 1t may be slower, sins
bradycardia T may be sregulac e ws chythm, sous avchythma. The
srregulanty n sinus archythimoa 1 often obviousty associated with res-
prravien and is chercfore cafted phasic, somenimes 1€ 15 not and 1s then
known #s sophasic The wnpalse m simus asthythva may come from
ent focus or tt tmay wander from one part of the node to another, The
Luzter 15 Lnown as 3 wandenng sinus pacemaker.

When the pacernakier 15 outside the stnas node, such an eczope rhythm
may be % passive one, oceurting when there is depression of the primary
pacemaker or blockage of ws ympulse. This may appear as a persistent
nodal thythm (of the A~V node) or st may be an accastonat nodad escape;
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Chapter 7

THE IMPORTANCE OF CARDIAC
ARRHYTHMIAS*

Louis N. Ratzt

1S A PRIVILEGL to parucipate m the 24th Graduate Formmighe,

which represcnts the joine efforts of The New York Academy of

Mediane and the New York Heart Assocuation, 3 most Important
affibate of the Amencan Heart Associanion.

The subject of the 1rregulartties of the heart 15 an old one but 1t necds
teview. [t consurutes an smportant area of clinical medieme thar the
physictan needs to know thoroughly. Cardiac archythmias are divided
into 1} disturbances 1 smpulse imtration, and 2) disturbances of- mputse
conduction (1)

The impulse for the heartbea may anse w the pumary pacemahes,
the sinus node, or m some ectopic pacemaker outside the sinus node.
When it arsses 1 the sinus node, 1t may be a regutac sinos chythm, wich
2 regular periodicty somewhere between 60 and 100 beats per minute,
Tt may be faster than this, stnys tachycardia {t may be sfower, sinis
bradycardia T may be wregulac in sts thythm, sings arthythmia, The
wwregulartty 1w sinus arthythtma 15 often obwiously assocrated with res-
pieation and s therefore cafled phasic, sometimes 1t 15 not and 1s then
known as nonphasic The impalse 1n sinus arthythmia may come from
one focus or oy M3y wander from one part of the node to another The
latter 15 known as a andering sinus pacemaker.

When the pacemmaker 15 outside the sinus node, such an ectopre thythm
may be 2 passive one, occurning when there 1s depression of the prumary
facemaher or blockage of s mpulse This may 3PPeAr as a persistent
2odal ey thm (of the Ay node) or 1t may be an oecasional nodal escape;
\‘;rsr:\s?‘\;;“ f):l(n\(ti\; d‘xsc;nlc”l‘ # the 2tk Graduste Formght of The New
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it may be in the form of an idiovenencular rhythm associated with
complete A~V heart block. Rarely, it may be 2 ventriculae escape. lemuy
be a wandering of the pacemaker between the sinus pacemaker and the
secondary one, the A-V node, a perfectly normal phenomenon.

Ectopic thythms may be active, the most common being premature
systoles. These cctoptc thythms may be of A-V nodal, auricular, or
ventricular origin, rarcly of sinus node origm. They may bein the form
of paroxysmal tachycardia, supraventricular or ventricular in orign
They may be in the form of chaotic heart action. More commonty they
arc aurteular flutter or aurrcular fibrillation Rarely, they may be ven-
tricular flatter or fibrillation, most often 2 rermunal event, but on rare
occastons, paroxysmal.

In the case of disturbances of impulse conduction, one should distin-
guish between the expression of the normal physiology of the conducting
system, that s the phenomenon of the normal refractory period, ?nd
actual depression of the conduction process with abnormal prolongation
of the refractory phase Since the heart must beat intermurtently if blood
is 10 be pumped, 1t 1s obvious that its mabulity to respond again im-
medately after stmulanon 1s valuable. This 15 duc to the presence
normally of a long refractory period Should a sccond mmpulsc reach 2
part of the heare during such a refractory seate then 1 will nog be trans-
mitted at all or 1t will be delayed 1 1ts transnmssion, This phenomenen
15 called 1solated wnterference (when onc beat 1s affected) or dissociation
(when several beats are affected i succession)

Intcrference and dissoctation are to be disttnguished from hearr block-
In heart block the transmission of the impulse 1s delayed or prevented
beeause of discase of the hearr which leads to an abnormal prolongatios
of the refractory period Such block may be between the sinus node
and the auncle (S-A bloch), ths 1s usually vagal in onigin and most
often duc to digitalis. It may be within the auricles (intra-auricul2e
block), which 1s recognized only in the elecrrocardiogram by seregularic
tics and prolongation of the P wave It may be betw cen the aunicles and
ventricles (A-V block) and appears m many vareties. It may be within
the ventricles, meraventricular block or bundle branch system block, in-
volving either the night bundle branch system, the left bundle branch
system, or both, besides the 1solared and focal vanicties. Alternans of the
heart may be considered, as a first approvimaon, to be 2 focal form of
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heart bloch of the 2 to 1 variety, A different form ?f con\luc(}on dis-
turbance 1§ the phenomenon known a3 \\'olﬁ‘-?zrl.\mon.-\“\\m sym-
drome, doe to an anomalous rapid A-V by-pass, a congenital anomaly.

The stausteal frequency of these archythmias may be glmm"d from
the expenicnce of the Heart Stanon of the Michael Reese ”'Ospn:l. the
chentele of which 15 a mixeure of private and service cases, in- anfl out-
pansenss, of various raenl origns It is therefore a fair cross scction of
urban pracnce In about 25,000 cases with 50,000 records there were
about 14,000 mstances of regular smus thythm About 3000 cases were
sinus tachy carduas, abowt 1000 were sinus bradycardia, and about 6000
were smus avthytheas, the vast majonty being phasic.

There were about 200 instances of persistent nodal thythm, about 100
wstances of nodat escape and abour 500 cases of wandering pace-
maker, Prematute systoles, which { beheve we have all had at one nme
or another, occurred over 2000 times, the ventricular varety being by
{ar the most common Patoxysmal tachycardias oceurred over 150 times;
however, their frequency 15 apt t be underestumated becaust the armach
15 usially over before 2 tecord 15 obtaned.

Fibnifanion of the auncles occurred about 1500 times, nexe w fre-
quency to smus arrhy thmia and premature systoles as a cause of srregular
beating of the heart Aurcular flutrer ocenrred about 100 pmes. Ven-
tnicubyr fibnitlation was extremely rare

A=Y hearr black consututed somethung Irke 700 cases, the majonty
of which were not recogmzable 2t the bedside bur only on the clectro-
cardiogram  Ocher forms of block wese not common except for ntra-
aunicular and inteaventcular block both dragnosed by the clectro-
cardiogram.

1 would hike to stress the Face thac the study of the cardiac arrhyth-
mias 15 one of the best ways ro Icarn abour che physiological propertics
::‘: tuman heart § would recommend this exeresse 10 al) of you. It has
o h:a r::\:nr of contimons wonder 1o me how much we can learn abour

y unravelng the varaus archythmuas.

From such an analysis of the archythmias and some anemal TXpen-
MERLs, We can appreciate the tole of the specialized heart nssue i im-
pulse formanion and transmission,

The s‘:::n(md beatt ussue 15 of 1wo varieues. There 1s the nodal
uss
e Which ceels i giving nise 1o the impulses wiuch govern the hearr-
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beat. I 15 not nervous tissue, it is not cmbryonic tissue, but neomorphic
muscular tssue, Tr consists of the smus node, the A-V node, and iskes
of nodal tissue locared in the auricles and 1 the ventricles, in the lter
m close associaton with the sccond varicty of spectalized heart uissoe,
the Purkimje system. The Purkije system ss primanly a rapid transic
system for the ventrieular myocardium, This tissue too 15 ncomorphic.
fl‘hcrc are sufficient abscrvations i man to substantiate the presence and
imporrance of these two spectalized muscular systems.

The physiology of clmical archythmias ss seill a muareer of great cur-
sent antesest and hvely concern. This can be iHuserated by several ex-
amples,

1. 1 have recently reviewed a recard which the late Dr. W W,
Hamburger had obrined 1n the 1920's, at that ume it was considered 3
bundle branch black. ft was olwiously an instance of the Wol ff-Parkin-
son-\Whate syndrome. This case, recently reported by my associates
Malinow and Lnngcndorf (2) was suil found to have the same condiion
some twenry years later e had had a history of paroxysmal mchycaniiﬂ
for years, but had no organsc heart discase and was chimeally well. He
sunply had this congenseal anomaly of the conducting system, This is, 0
my knowledge, the longest lasting case on recond

2. Asa result of the recent studies of Scherf and Prinzmetal the cireus
movement theory of Lewis concerning aurscular flutter and ftinilation
has been called into question, ¥n the carly thrties, Brams and 1 (3) atthe
Michael Reese Hospreal demonserated that postfaradic auricufar flureer
and fibrdlauon 1n the dog with apen chese persisted when the auncles
were clamped or cut m the region over which the “mather nng” vas
supposed 1o be focated. We used this as evidence agamst the sunphficd
circus movement theory, amd 1t 1s thesefore pleasing to me to have thus
subject under scrutiny once agum Recentdy also multuple precordial and
esophageal feads have revealed wolated auncular waves of large s
which were gotng at rates of 300 or more, sepirated by quicscent pesiods
m some cases of auncutar forter and fibnllanon This finding also 13
dufficelt to reconaile with the sumple crews movement theory. The
mechanssm of this type of arrhythoua s chus once agam a mareer of
acnve study, and the final answer is suit not avaiiable.

3. Recently 2 valuable addstron ro our therapentic ands has been made
available s she form of procame anude. This we (3), hie others, have
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srudied and found o be an evcellent suhsritute YOf qu'ln‘l.\lmc. 1n brief,
it behnes ke quinidene ocduding ws u:\\ltsm\?\c side acgion. le may be
wsed m place of quimidine and should be especially valusble when there
Losynerasy 1o gusmdine,

¢ ?‘:\‘:uld'hu nz pm:r aut thar when we deal with the cardiac arrhyth.
mas, we are deating with distushances i both rate and rhythm. In the
case of parovysmal vemsiedtar tachycardn, for example, se often 6:}&
\oermtteay penods of smus shydm bersseen the peniods of rapid
entricudar boatmg. & glanee at any secord will also show how pro-
fonged 15 the QRS duration of these ectopic bears. Thus, not only Slu the
entrcles best exsremely rapidly bug the tune oceupied in their stimula-
tion 15 protonged. This is a very wastefol method of beating mechani-
cally. and so cuts down decidedly on the mechamcal efficiency of the
bear

Somenmes the rates of the human heatr are expemely rpid, 1 have
o nocaston seen 4 ventricalac rate w man persistently aver 300. Theee
are some birds hke the humming bird thar have rates over 1000 per
minute A¢ other times the human heart is extremely slow. 1 have scen
wases with persistent rates as low 4s 18 per minute of even sloner,

In aunicolar fibrillanon the rate is grossly irregular. Somenmes the
average rate 18 fast, approachung 300, 4t other rimes it is excrernely stow.
Complete AV block may oceur in auricular fbrllation, sometimes as 2
resgly of 100 much digitalis, and 1t is possible that the )ieventriculac
pacemaber may f2il 10 discharge leading 1o heant standsull. Or the digh-
wafis medicanion may eause Srequent premature systoles 1o appear, and
this carnes the hazard of leading 1o runs af such prematare beats and
even 1o veumealsr fbriliation which 15 nsvally rermina! Ventnular
fbnlfation 1 only rately reversible, although 1, like others, have seen
such cases.

What 15 the importance of arthyrhmias? The fiest thing 1 should hike
10 stress 15 that archythmuas are often functional, although they are, of
coutse, somermes due to orgame heart disease. The thung the dimcian
thould frst asseme when he finds « disturbed heare zetion, « hether it

Ee tachi cardia, bradyeardia, or trregulariey, 1s thae be 1s deabng with 2
- possibly » of psych dig-
wwhances He shoold, of conrse, thoroughly

exanune the pavent ta sule
out organic heart dssease bur he should constanly remember that dis-
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turhances 1n heart action are often functional and sometimes psychon
matic. Winton, Megibow, and | (5) have recently described an inreree-
ing case of paroxysmal auricular tachycardia definitely brought on by
emationally rraumatic life situations. Almost any hind of archythmis
may be caused by psychosomatic disturbances.

These psychosomaric disturbaaces in chyth ate in al hichhood the
resule of reflesogenic phenomena with che effector organ the heart, and
the pathways savolving the nerves regulatng the heart. In addidon
hormones play a role, especially those of the adrenal medulls, in moddy~
ing the heart's behavior, Such patients have anxieey. The thang el
would like to stress is that 1 such cases the physicun's handng of the
case is of vast importance. If the doctor makes oo much ado about the
heart action, if he looks too long at the clectrocardiogram, if he sayts
“Oh, you have an wregular pulse, 3t 15 guse nervoustess ' —a word rabod
to most panents—or caswally remarks “forger about at,” he may produee
an anviety nenrosts, a “‘cardiae fivanon.” With the world full of pcoph'
maladjusted m business or i famdy relacions, 2 cardiae fivation is a0
excellent escape.

The palpiration associated with an irregulsr heart action 1s often dig~
surbing even to welladjusted people, and may become pmgrcssivrl)'
more and more psychofogically panfuf uouf ir micstes the discomfort
of an angwnat arrack. Uhave read an excerpe published by the Jate Some
Wass of Boston fram the drary of an intetligent medical student \\Vf\“
was traubled with simple venericular premiacuse systoles. His description
of the exquisite discomfort, the frighe, the cmotional unhappiness 1f
created, even though he apprecrmred ts bemgn quality, should wam ¥
of the effect of wrregular heart action upon fess saphisucated persond
who rend ta be casily frightencd by saythung wrang with the heart. This
discornfort am sure all of you have epericnced w one forn or anothet
at some ume. Conscquently 1 am sure von will be kind, soltertous, and
carcful with patients who have cardiac arrhythmas,

By and large, the treatment of arrhythmms is symptomatic, 1F they
cause no trouble, they ordmanly require no therapy. With one or two
exceptions there 15 no speafic therapy for arthythmiss Reassurance 15
impartant. Actacking the underlying disease, when 10is organic will do2
grear deal o alieviae the farge group of arrhythamas assocaated with
organic heart discase.
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1t seems o me that the old-Bashioned att of medicine is bcmg lost in
dus era of instroments. A precise instrumeat docs not necessarily mahe
things more quanutative since the judgment sill d.epcnds on human
bc'm:zs. We must therefore remember the entire patient when we are
dnl;ng with cardiac arrhythrmias and plan ous therapy accordingly. That
15 the true ant of mediewne. 3 .

Thete 1s spectfic treatment for some of the arrhythmias under cermain
arcumstances. § would like to point out just one or two txzmplt‘?-
Quindine and papavertine are “soothmng agents™ for active ccropic
thythms. Papavenne is useful in this regard though nor as potent 13
qumdine Pronestyl (procame amide) has boen recontly added for this
samie purpose

In chrone coronary disease, in chronic coronary insufficiency, the
ethubrtion of qumdine 15 extremely valuable when premaruee ventricu-
Iar systoles are found Tt helps in these circumnstances to prevent un-
expected deaths, and 3t may help ro avoid anpna and heart fadure.

Then there 15 the specific therapy of what we call the Stokes-Adams
syndrome, complere A-V hearz black. Tt should be called the Morgagm-
Stohes-Adams syndrome Therc are several useful drogs for ir. However,
a0 L wash 50 powne out a¢ ehuss e 1 that, 1n the presence of complete
heart block, the convalsions and unconsciousness are many nmes due to
inadequare cuculauon ausing nat from slow heart action, but by vircae
of intermuttent paroxvsmal ventnicelar cachyeardia Under such erreum-
stances the exhbition of drugs bhe Advemiin or some of the other
sympathomumenic drugs may, a5 we faund, clineally aggravate she con~
duston of the panien instead of benefieng him. Therefore the first thing
todo s to find oue whether the mechaaism causing the symptoms 15 due
1o slow venneular actron or to excessively rapid action

The bedside diagnosts of arshythmuss can he developed by traming
and persevesence We can duagnose many of the archythmias by looking
at the yugolat pulse, by palpating the heart and the radut artery, although
!:;‘Zl;\m oo hxs m almose all the kg avtopsy with
of fact thy :‘s ‘:h\; \f;yc:naf\'}::hﬂ:e)\;dgmu:(s 2;: ﬁorrcq As 2 mater
electracatdiogram shenkd ot be used e B e srtemped, the

&3 sed 2s the first line of evidence but to

substannate chreeat judgmers.

The prognosts of the archyrhmuas is dependent upon the undeslying
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discase. Some twenty years ago, when 1 first became incerested in this
subject it was thought that persons with bundle branch system block had
a definitc prognosis—50 per cent of them would dic in two years ad
25 per cent in two months. Actually, when we analyzed this marer
further, it became obvious that the statistics were due ro the underlying
discases causing the block.

I the casc of ventricular premature systoles of frequent origia, and
in the presence of ventricular paroxysmal tachycardia, associated with
organic heart discase, 1 am always fearful that unexpected death by
ventricular fibrillation may occur. Nevertheless it is unwise to prognos-
ticate solely from the arrhythmm. This is one of the ways in which
electrocardiography has been improperfy used.

Arrhythmias themsclves lead to symptoms. They can lead to heart
failure, both the forward failure varicty with low output and the back-
ward failure type with congestion. I am sure all of you have seen cass
of paroxysmal rachycardia with cyanosis, congested vemns, tender hvers,
and shortness of breath—all of which quickly disappear once the mecha-
nism 1s broken. Angina pectons 1s actually often induced in the presence
of coronary discase or coronary insufficiency by rapid heart action of
cardiac irregularity.

To understand how this comes about 1t is necessary to appreciate the
volume curve of the ventricles. This is shown in Figure 13 and 15 based
on the work of Wiggers and mysclf in 1922 (6). This cxpresscs the
way the dog’s heart contracts, and 1t has been venfied, in cancaturt,
by the electrokymograph of the ventricular surface of the human heart
(7a). The curve starts in diastole. When the impulse 1n the smus node
spreads to the auricles it causes them to contract and then relax {be-
tween VIIE and IX and the homologous pare of the curve ahead of 1).
The auricles coneribure very little to filling; about § cc net out of the
total of 60 cc at ordinary heart rates. Actually while they add 10 cc
during their systole they “take back™ 5 cc duning their active relaxation
They ate antechambers, not imporcane pumps. The mipulse reaches the
ventricles at [, and they begin to conerace, at first isomernically (between
1 and I1). This 1s a presphygmic period or, as Wiggers has named sz, the
sometric contraction pertod, where the ventricular caviry does not
change its volune and only its pressure nises. Then ejection begins. In
this shore perrod of ume, from 11 to IV, the blood is cjected from the
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ventnele (that is, all but the systolic residue of about 15 cc). Most of
the blood is ejected during the rapid ejection period (1 to 111), and the
small rematnder 16 the reduced cjection period (if to V). Duastole
begins at [V with a shory protodustole phase (1V 1o V) and an isometric
relwation peniod (Vo V1) during which the vemricle is relaving
1sometncally, that 15, without changing the valume of jts cavity,

The pomt T wish 1o stress above all, which 15 not as widely appreciated
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disease. Some twenty years ago, when [ first became interested in this
subject it was thought that persons with bundle branch system block had
a definite prognosis—50 per cent of them would die in two years and
25 per cent in two months. Actually, when we analyzed this matter
further, it became obvious that the statistics were due to the underlymg
diseases causing the block.

In the case of ventricular premature systoles of frequent origin, and
in the presence of ventricular paroxysmal rachycardia, associated with
organic heart disease, I am always fearful that unexpected death by
ventricular fibrillation may occur. Nevertheless it is unwise to prognos-
ticate solely from the arrhythmia. This is one of the ways in which
electrocardiography has been improperly used.

Arrhythimas th Ives lead to symy . They can lead to heart
failure, both the forward failure varicty with low outpur and the back-
ward falure type with congestion. T am sure all of you have seen cases
of paroxysmal tachycardia with cyanosis, congested verns, tender livers,
and shormess of breath—all of which quickly disappear once the mecha-
nism 15 broken Angma pectons is actually often induced 1 the presence
of coronary discase or coronary msufficiency by rapid heare action or
cardiac 1rregularity.

To understand how this comes about 1t 15 necessary to appreciate the
volume curve of the ventricles. This is shown m Figure 13 and 1s based
on the work of Wiggers and mysclf m 1922 (6). This expresses the
way the dog's heart contracts, and 1t has been venfied, in cancature,
by the clectrokymograph of the ventricular surface of the human heart
(7). The curve starts m diastole. When the impulse i the sinus node
spreads to the auricles 1t causes them to contrace and then relax (be-
tween VIIL and IX and the homologous part of the curve ahead of 1}
The auricles contnibute very httle to filling; abour § ec net out of the
total of 60 cc at ordinary heare rates. Actually while they add 10 cc
during their systole they “rake back” § cc during their acive relaxation.
They arc antechambers, not important pumps. The impulse reaches the
ventricles at I, and they begm to coneract, at first isometrically (berween
1 and 1). This 1s a presphygmic pertod or, as Wiggers has named 11, the
ssometric contraction period, where the ventricular cavity docs not
change its volume and only 1ts pressurc niscs. Then ejection begins. In
thus short period of tme, from 11 to IV, the blood is cjected from the
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vartes with the square root of the cycle length, the heare spcn‘ds more
of 1ts me 1n systole and less 1n drastote. That 1s, the heart asit sp(:edt
up works fonger and rests less. Since the heart cannot go into oy Zen
debr to any appreciablc extent (8), 1t 15 hard put to recover .durmg its
abbreviated duastole from the work done in 1ts syscole. This is another
detnimental effect of tachyeardia.

1f one caleulates the mechanical efficiency, i e., the work done over
the energy utihized to do the work (using similar units), it can be shown
that the efficiency of the heart as a machine gocs down decidedly when
1t speeds up This t00 15 a detrimental effect of tachycardia.

Thus, while tachycardia may be essential in fever, heare fnlure, and
the fike, for the heart to do 1ts job, 1t 15 an wnefficient and relayvely
cosy wav of domg 11, and may lead by 1self 10 rrovblesome crrcum-
stances, paruculatly 1n the presence of orgamc heart disease. It my
hasten or aggravate fature of the heart and it ma ¥ be the ingger causing
Iﬂglhﬂ pectonis.

Brady cardra also leads to arreulatory disturbances. It has been demon-
strated that the heate cannot increase its strohe volume, ordmarily by
more than faurfold. That 1s, ws stroke output cannot exceed approvi-
mately 250 ce. If the heart rare goes down markedly, the ourpur per
minute, the product of rates times stroke volume, may be adequate for
rest, but when the pauent gets up and around, it may become madequate
and forward farlure may develop Is 1 surprising that under circum-

stances of emotional or physscal stress, such a pavient develops the signs of
congestive heart fulure or fainrs®

Two other facts about bradycardia need 1o be mennoned. One is thae
there is a farge pulse pressure sn bradyeardia, and that 1n the presence of
3 roughened 3orta, 2 duastohe MUnTUL sometimes smay occar., This
TRurmur anses because eddies are sep ap, of a frequency audible to the
<ar, as blood moves backward o the hearr over the roughened aorta im-
mediately following systole. Velocity pulses in animals shos, the pres-
<nce of dus temporary ebb in the flow of blood wn the 2orra (9),

The large pulse Pressuce and this roughened aorne murmer may lead
1o the etroncous dagnosis of aorne valve regurgieation, I should be
temoembered thar bradycardia, for reasons mentioned, may give the same
40 signs, esperally m the older pacient with aome atteriosclerasty

The elevated systohc pressure iy bradycardia should ot be mistaken
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compensatory mechanisms for the moment and assume thar the only
thing that will affect the ourput of the heart is the Statling effect, thatls,
that the stroke volume is a function of the end-diastolic volume of the
ventricle, then 1t is obviouos thar as the rate speeds up from 80 beats per
minute, the diastolic volume will decline and with st the stroke volume.
At first these changes will be small because it will be the penod of
diastasts which 15 cut shore. Hence the product of heatt rare multiphed
by stroke volume—which determimes the mute volume—w il increase.
Thus up to rates of roughly about 150 or 160 or thereabouts the cardie
output per mnute will rend 1o go up unless compensatary mechansms
prevent st. Ar first, therefore, tachyeardia ss beneficial i that the heatt
is able to pump out more blood per minute.

But when the heart rare gets faster than about 160, there is an en-
croachment vpon the rapud mflow phase Hence distolic volume and
stroke volume decrease mose rapidly, and soon the deerease m serohe
volume s greater than the mcercase 1 heare rate and consequently their
product, the mynute volume output, declines. So mchyc:trdm bcyand 3
certamn pownt cuts down the misute volume output unless compensstory
mechanisms can make 1t up Tachycardia of marhed degree leads to hesrt
fasture, and thar 1s sometimes seen i parovysmal tachycardia,

It 53 concervable to imagme # sate so rapid that the heart stares 1es 8ys-
tole before fithng begins Under sthese conditions all it can pump our there:
fore would be the systolic residue (of about 15 to 20 c¢) Hence pymp-
ing would soon srop. That this can aceur for a beat or 0 15 hnown We
have recently recorded the pressure pulse of the human sorra by passing
a catheter mto 1r {7b) and have noted ventricular premature sysrolcS se
carly that even in the aorta there was no register of the beat of the heart.

Compensatory mechamsms wil] tend to make up for the deficency of
raprd heare acvon, bur tachycarda beyond a cectam panr, despuee such
compensation, Will become detnimental and can lead to circularory 10
sufficieney.

Tachycardia when excessive may also become detrimental bocause
with increasing heare rate the coronary flow becomes less adequate and
eventually coromary msufﬁmcncy develops This s revealed m the
clectracardiwogram as the posttachycardia syndrome, w th s caronary~

fike S-T-T complex.
Furthermore, as the heart speeds ap, becagte the duratian af systole
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<anes with the square oot of the cycle ength, the heart spcnfh m:‘\;c
of tts time i systole and less in duastole. That ss, the hc:rthas it speads
up works lenger and rests less Smee }'hc heart cannot go ING 0Ty gen
detn 1o any appreciable event (8), it is hard put to recover f]unng its
abbreviared diastole from the work done 1n s systole. This is another
dernmental eficer of rachycardia.

1£ one calcdlates the mecharueat efficiency, i€ the work done aver
the energy tulized to do the work (using simlar units), it an be shown
that the efficacney of the heart as a machine goes down docidedly when
1t speeds p This too 15 3 detrimental effect of rachycardia.

Thus, whole tachy cardia may be essermal in fever, heart failure, and
the like, for the heart to do xs job, it is an inefficient and relatively
costly way of domng it, and may lead by wself to troublesome circum-
stances, particularly wn the presence of orgame heart disease. It may
basten of aggravate fature of the heart and w may be the trigget causing
angma peetons.

'Bradycnrdn also leads o circulatory disturbances. It has beent deman-
strated that the heart cannot increase its stroke volure, ordmanty by
more than fourfold That 15, xis stroke output cannot exceed approx-
matelv 250 co If the heart rate goes down markedly, the outpur per
munute, the product of rates times stroke volume, may be adequate for
st but when the patent gets up and around, 1t may becorne imadequare
and forward farlure may develop s it surprismy that under circum-
stances of emotional or physical seress, sucha patient develops the signs of
congesave heart fulure or fanes®

Tuo othet faces about brady cardia need t be mentioned. One 18 thas
there i< & large pulse pressure 1n bradyeardia, and that m the presence of
a roughened aorta, 4 dustolic murmur somenmes may accwr This
urmu anses because eddies are set up, of a frequency audible 1o the
car, as blood moves backward to the hearr over the roughened aorma -
medarely followtng syseole. Veloaty pulses i ammals show the pres-
ence of this temporary ebb i the flow of blood in the gorza ).

The large pulse pressure and this roughened aottic murmur may lead
w the erroneous dagnasts of aorne valve regurgitauon Tt should be
remembered that brad) eardre, for reasons mentioned, may give the same
80 signs, especially in the older pauent with aotnc artenosclerosss.

The elevared systobie prossute in bradycardia should not be mustaken
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for essential hypertension. Essential hypereension is not merely systolic
hypertension but primanly a diastolic hypereension In bradycardsa the
clevated systolic pressure 15 assocrated with a low ered diastolic pressure.

Finally a few remarks about irregular heart action. In the ordinirny
casc of auricular fibrllation with irregular pulse action the systolic and
diastolic pressure are quite uneven from beat to beat. Actual recording
with the Hamilton manometer shows vanations of as much as 50 mm
Hg betwcen suceesstve beats (10). In such instances 1t is difficult to get
the actual blood pressure level.

When we consider srregular heart action we must realize we are
dealing with an average rate, some beats are faster, others are slower
than the average. At slow rates this irregulanity has little sugniticant
effect but at faster rates it makes a real difference. Take the case of
auricular fibnllavon with an average venericular rate of 130, acrually
some beats are occurring at the rate of abour 80 and other beats are close
10 180. The beats at the fase races have all the disadvancages enumerated
m tachycardia and so cut down the effectivencess of the heart as a pump.
It 15 to this, and not to the supposed lach of the auricular contribution,
that one must atenibute the fact chat aurtcular fibrillatton 1s less effective
than sinus chythm. This 1s demonstrated by the meffectiveness of some
beats which give risc to the well-hnown pulse defieit in auricular fibril-
lation The difference beeween 2 patient with a heart rate of 130 and
regular rhythm and onc with the same rate and aurscular fibeillation 18
the irregularicy i the Tateer, the fact thae many of the beats occur 1
quick suceession, that some of them are incffective and do not even get
to the wrise, It 1s on this basts that aurrcular fibnllation wich rapid
ventricular rate can cause aggravation of heare failure and act as the
(l'lgg(‘f 1o :mgm:l PCC[OI’I&

In conclusion, 1t ts obvious that cardiac arrhythmias constiute an im-
portant chapter of cardiology, the understanding of which will not only
lead to sansfaction to the student of chmieal medicine bur, more 1m-
portant, to an improved management of the patent.
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Chapter 8

PATHOLOGIC PHYSIOLOGY OF MITRAL
STENOSIS AND ITS SURGICAL
IMPLICATIONS *

Leavis Dextert

THE DEVELOPMENT of a dircet surgical attack on narroned
mutral valves raises many questions as to 1ts efficacy. Wilcox and
Grace (1) have objected on theoretical grounds, believing that surgery
could offer lirele or no benefit 1n the majority of paticnes with mieral
stenosts. Harken and his assoctates (2, 3), Glover, O'Naill, and Bailey
(#), Baker, Brock, and Campbell (5), and Prip Buus (6) have recently
reported climeal improvement of their patienes following direct valvular
surgery The evaluation of operative results by chimcal impression alone
leaves muck to be destred, however, because spontancous changes fre-
quently occur 1 the climeal course of these individuals. The advent of
pulmonary vascular changes and of nght venercular failure, for et
ample, may result 1n symptomatic tmprovement by rcheving pulmonary
congestion, yer marks the onward progression of the discase. Objective
evaluation of mitral valve surgery 1s therefore not only desirable but
necessary Baker, Brock, and Campbell (5) have studied the cardiac out-
put and pulmonary arterial pressure in four cases after mutral valvu-
lotomy, and we (7) have reported the postoperative changes in crcu-
latory dynamics in six cases

This study reviews the pathological physiology of mutral stenosis as
t relates to mieral valve surgery and analyzes the preoperattve and carly
postoperative changes 0 circulatory dynamices in twelve patients w uh

® Presented October 11, 1951, at the 24th Graduare Fortmght of The New
York Academy of Medicne.
+ From the Medical Chiue of the Peter Bent Brigham Hospieal and the De-
artment of AMedicine, Harvard Medical School, Boston, Massachusetts
“T'his work was supported by grants from the Life Insurance Medical Rescarch
Tund and the Natonal Heart Institute, U § Public Health Senvece
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i 3 iceal valvuloplasty was per-
rating yseral Stenasis Of \\hm\'m\(n P >
Ifr;?::\:l at the Petes Bent Bugham Hospital by Dr. Dwight E. Harken.

Pathological Physiology of Mitral Stenosis

A dugram iltusranng the pathological physiology of. mitra) sr‘fr;t‘ms'
15 shox\; 1n Figure 14 A derarled descripaon of the points that fal '0:1
Tave been published eiseshere (8,9, 16, (4, (2. 1t 15 to be emphasiz ?
at the outset that this discussion apphies 10 me&:m§l'mxtm\ stenosis
wherein there 15 10 concOMITInT acuve Thewmate carditis.

“Phe notmal mueeal valve has a cross-secrional area of 10 6 sgem.
Methods have been developed by Gorlin and Gortm (8) for accurately
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Figure 14 Duagram of patholome physiology of miral stenoss,

calculating the size of the onfice of the mutral valve durng hfc in pauents
with mutral stenows, In mirral stenosts, the onifice becomes narrowed
and 1 the most advanced cases may be only 0 4 sq em. Nacroweag of
the nurral vahe onfice produces an obstracrion to the flow of blood 3t a
critical pornt 1n the creeulatory syster, s.e., at @ paae jast distal to the
capilfanies of the lung Betneen these caputiaries and the mueral valve
there are no vahes ar other inportant buffering mechanisms. {ndeed,
m many ways the pulmonary capilasies, pulmonary veins, and left
auricle can be thought of as & single vascula compartment with pressutes
i all parts not differing by more dhan 2 few men Hg. As the muerad
valve onifice becomes natroner, w13 obvious thar of blood flow (carduac
otrput] 15 10 be mawtawied at a normat leved, pressare proamal to the
mueral valve must increase I pressuce in the left auncle remarns nommal,
blood flow must decrease. Ta muteal stenoss both oceur, i.e , pressure in
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the left auricle and lung rises and cardiac output decreases The pressure
rise 1s predomnant, how ever, and results in the symproms of dyspres,
orthopnea, paroxysmal nocturnal dyspnea, pulmonary ecdems, and
hemoptysis, these being the prominent symptoms of mitral stenosis and
the ultimate cause of disatility. These symproms are attributable 103
nisc of pressure in the pulmonary capillaries to a level cxceeding the
osmotic pressurc of plasma with the production of pulmonaty edom
These two compensations—a rise of pressure proximal to the valve and
a deerease in the amount of blood flowing through the valve—are the
only two tmportant compensattons that take place during the time th
the mitral valve ts becoming narrower and narrower. Not unol lare in
the course, when the valve beconies about 20 per cent of normal (about
10 sq cm) docs the third compensation appear

This compensation consists of narrowing of the arcerioles and smull
arteries 1n the lung Histologically there is inumal prohfcmion and
medial hypererophy (13, 14) Phystologically, there 1s an increased e
sistance to blood flow through this segment of the lung which can casily
be measured with the cardiac catheter (9, 15). There is considerable
varation m patcnts with mtral stenosis of the same seventy the
extent of this vascular resistance i the lung Some w 1th tighe mitral
stenosts never develop important mncreases mn resistance and these are
the patients who have severe exertional dyspnea, orthopnea, hemopr it
and attacks of acute pulmonary edema. These paticnts have hearts which
arc usually hirtle of any cnlarged, and there is no venous distension,
hepatomegaly, or other mamfestations of right ventnculir failure Q2.
There arc others who develop a moderate degree of pulmonary vasculit
resistance wherein there 15 a delicate balance betw een the resistances 1t
the lung and at the mueral valve These pauients have few respiratory
complaints because the right ventricle, due to the increased pulmonaty
resistanee, cannot pump blood 1nto the lung any faster than it can con-
fortably escape through the mtral valve. These two arcas of increased
resistance—the lung and the mitral valve—result m a low fived cardue
output so that the predominant symptoms arc fangue, exhaustion, \\fﬂl"
ness, tiredness, ennui. At chus potne, the heart is enlarged, but the ngl‘f
ventricle 1s usually stll competene. In some individuals, the pulmonary
vascular resistance becomes excessive, 1.c., 15 to 20 umes the normd
The resistance to blood flow through the lung may become greatet than
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ht 3t the mueeal valve These wdividuals do not ir} our ¢ypericnee fave
episodes of pulmonary edema, but as i pavents with severe cor pul?no‘
mle, there 15 excessive exertional dyspnea and orthopnes, the right
enricle becomes greatly enlarged and fals, with the appearance of
venous distension, hepatomegaly, and edema,

The only clue to the mode of production of these putmonary \'1scu1?r
Tesons o et syt 15 that they tmake thewr appearance only late in
the course of mural stenosss when the size of the mutral valve is about
1.05q.cm ot less, a¢ which pownt even at rest pulmonary edema impends.
Tehas boen postulated {15) shat thus chrome threat of pulmonary edema

1n some tnhnown fashion leads to the appearance of the vascular chang
We have dered 1t to be 3 ¢ meck full

P ¥ Y
frevenung the night venencle from sudden surges of output, thereb,

prevencing the flooding of the pulmonary capillaries with blood.

The importance of thus pulmonary vascular resistance cannot be over-
esumared w modifying and influcncing the clinicat cousse of paucnts
with muteal stenosis Before 1ts appearance, respirarory symproms be-
come increasingly prosunent as the valve becomes narrower. b 1s not
enttd che pulmonary resistance becomes five to ten times the normal
fevel that the transverse drameter of the heart by X-ray becomes increased
and Tespuratory symproms decrease, 3nd ten to fifteen nmes the normal
that the nght ventricle fails grossly

Evalvauon of Surgery

With thesc pornes m mund, 1t 1s obvious thar relief of the stenosts sl
may not Aceessanily resuls in chaical improvement of the patient unkss
the sccondary changes i the hungs revere toward notmal. As an amph-
fication of an carlier ceport (7), an artempt will be made to answer the
following quesuons based on the findings shortly afeer operation 1n
teclve pitients on whom suteal vatvuloplasty for severe, ncapacitating
mutraf stenosis has been performed,

t Can the muteal valve onfice really be widenod®

2 s mural msufficiency necessarily produced?

3. Does the carduae ontpur increase®

4 Do pressures in the Ppubmonary arcure fail
m\s\ ‘:o; ":l:"mcrmstd pulmonary arteriolar reststance tevem 1o of
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6. Does right venericular function, as indicated by its fillng pres-
sure, return to or toward normal?

Material

Twelve pauents with mitral scenosis subjected to mitral vabvulo-
plasty (16) 1n the Peter Benr Brigham Hospical were all incapacitated,
many leading a bed and chair existence, and were graded as Class Hior
1V according to the New York Heart Association classification. Studies
were carrted out a fow days before operatron and again between tuo

TABLL 10
Crreutatory Dynamucs m Pavents before and after Mieral Vabuloplasty
Right
Mitrat Pulmonary  weniri-

walve Pulmavary  arterolsr  cdar Mird

stenotic Cardue  “apdlary”  sesstmee fillng regugt

arer dex pressure dynes  pressure wn

atient on  lymnssqm mm e secom  mm il preent
Befers_Afier_ Refors__djter_Before _Afier Defore _Afues_Before Afser _Betore Hr
A McG 04 07 18 L9 25 17 770 889 4 4 [
WF. 05 069 18 28 23 20 139 332 8§ ¢ 0 0
RW 06 12 27 22 3 1 2% 41 % &+ 0 8
ED 06 15 21 19 36 20 HL 600 12 4 0+t
J G 66 1S5 21 29 34 317 400 00 10 2 [
L L 07 13 25 26 22 x 62 ss¢ o513 0 0
T.C a7 17 29 331 032 44 488 254 7 7 [
cr 0% 17 22 28 8 11 92 13 5 3 0 0
B.A 09 16 36 38 32 19 569 36t O 5 O @
NW. 10 1.6 32 36 33 19 204 200 2 4 0 O
L L PEO23 04 19 24 10 480 523§ 4 4+t
A D 13 19 20 23 37 2 103 178 8 4 ++++

and six weeks after operation. Mitral msufficiency was detected qual-
rtively from the contour of the pulmonary “capary” pulse tracmg
and estimated sermquanntatively by means of hydrauhe formulas (17,
18).

Mecthods

The methods have been deseribed i deca! elsewhere (9). Tn genesalt
they consisted of measuring cardiac output by the direct Fick principle
and recording pressurcs with Sanborn clectromanometers i the puls
monary “capilfanics,” pulmonary arrery, right ventaicle, night atrium,
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i artery. From these pressure and flow measurements, al
:t:::\t:\;’ the fo\nnuhs descrbed elsewhere (§) have lxvm made of l'h(;
size of the miral valve orifice, and the puimonary artcnolhr and} total
pulmonary TesISTaNCes Lsumates of the degree of ml‘m\\ insufficiency,
graded from one to four plus, have been based on the height of the v-wave
1 refanion to the mean pulmonary Veapitlary” pressure (17, 18).

Results

Pertinca data will be found m Table 11 and Figures 15 through 19.

1 Size of the orsfice of the smral walce. In cach panent, the micral
onfice was sigmificantly creased in size by opcration (Figure 15). In
erght, the size of the onfice postoperanvely was considerad to be satise
factory, i . greater than 1 5 sq em. 1f the size of the valve orifice were
the only problem in mutral stenosss, these exghe patients could be expected
to return to almost normal activity In R.W. and L L., an adequate size
of the valve onfice was obtawed, 1¢., 1.2 and 1.3 5q cm tespectively.
WF had an extremely elasue valve onfice shich made finger fracture
of the commissures difficulr so that the resulnng valve onfice mesared
postoperatively was onlv 09 sq em The problem i her case was
ssmular to that of vrying to fracture a rubber band. New that this prob-
lem 15 recognized, an appropnate surgical maneuver has been devised o
overcome dus dificufry [h M. McG., the anatomucal nacuce of dhe
stenosis made end of the onifice techmeally almost imp H

2 Murad maffency. Noe panents had outra) stenosis wchour
wsufficienicy before operation None had mieral wsyfficiency past-
opersuvely (Figure 15) Pancnts A D and E.L, had mural stenosis and
wmsufficincy before operation and, as nearly 2s could be judged, no
defirute change n therr regurgitation exther for better or for worse was
produced by operanon In one panent, ED., fracture of the valve
commussute was cartted forward unintennionslly mto the aornc feafler so
thar some mutrat regurgitation was produced. The dissection should
have been carred to che annolus and no farther or else wro W mnor
leaflet This must be regarded 25 2 rechurcal error mardent to effores at
smproving leafler mobrlizagron Despate this ane case,

1t IS apparent that
mieral salvuloplasty can relieve stenosts withour productng regurgita-
ton i

3. Cardiac outpur. i
prt- Cardiac output was not sigmificantly differcnt two
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6. Docs right ventricular function, as indicated by its filling pres-
sure, return to or toward normal®

Material
Twelve paticnts with mitral stenosis subjected to mitral valvulo-
plasty (16) in the Peter Benr Brigham Hospreal were all incapacitated,
many lcading a bed and chair existence, and were graded as Class Hl ot
1V according to the New York Heart Associatton classification, Studies
were carnied out a few days before operation and agam berween to

TABLL H

Circulatory Dynamics in Pauents before and afeer Micral Vabuloplasty

Rught
Mutral Pulmonary  wentri-
watve Pulmonary  arterolar  cular - Munad
stenotic Cardue  “capdllary”  ressstance  fillmg - regurgh
area snder pressure dynes  pressure  tanon
Fanent e Hmm/sqgm mm g secom™  wom g present

Before_After_Before_Aler Refore After Before  Afuer Before Afuer _Belore ther

M.McG 04 07 18 1.9 25 17 750 89 4 + 0 0
W.F. 05 09 18 28 23 2 1139 332 8 6 0 O
RW 06 12 27 22 3+ 11 274 41 9 4 0 ©
E.D 06 15 24 19 36 20 411 600 12 + O+t
J.G 06 15 21 29 31 17 400 2010 2 0 O
LL 07 13 25 26 27 24 632 54 s 13 0 O
TC 07 17 29 33 32 14 488 254 7 7 0 O
CF 08 17 22 28 18 11 292 73 5§ 3 0 0
B A 09 16 36 38 32 19 560 368 0 $ o 0
NW 10 16 32 36 33 19 204 280 2 4 0 0
E L. 1T 23 14 19 24 10 1480 523 5 4 ++++
A, 13 19 20 23 37 2 103 178 8 4 ++++

and six wechs after operation. Mueral insufficiency was detected quali-
tatively from the contour of the pulmonary “capillary” pulsc tracing
and estmated semiquantitanively by means of hydrauhic formulas (17,
18).

Methods

"Fhe methods have been described in detail elsewhere (9). In generals
they consisted of measuring cardiac output by the direer Fick principle
and recording pressures with Sanborn clectromanometers i the pul-
monary “capxllnncs," pulmonary artery, nighe ventncle, right atrium,
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10 three weeks posmpemn\'ely in the majority of patients (Figure 16}
fn W.F.and EL. the cardiac output had ncreased lpp\'ccmb\!" presum-~
ably due to the strikmg dectease of p}xlmmuy artertolar resistance. |:1
3G and CE., cardiac outpur rose significantly thnugh not markedly.
Baker, Brock, and Campbell (5) found hietle change in ardxac.eutp\ﬂ
1n four cases srudied two to three months afier surgery. The fiilure of
carduac outpur fo merease shortly afies operation way be due to the
“&isuse atrophy” of the lefk ventricle which oceurs in mueral stenosis
and to the wicreased resistance 1 the attertoles of the lung, which tends
to keep the ourput of the night ventricle depressed 1 mitral stenosis as
wetl a5 1n cor pulmonale (19, 20). The refanve role of these two factors
and the eventual level 3t which cardiac output wall stabilize must await
subsequent follow-up. Follow-up reports indscate chnically a progres-
swe increase 1n exernonal tolerance over the course of ane ro eght
mmonths at thus wnting, from which 1t 15 antcipated that the cardiae ou-
pur gradually mereasts over the course of weehs and momths.

4. Pulmonary “capilary™ pressure Snce the valve onfice was en~
farged and Blood flow theowgh it relansvely unchanged, 2 stething fall of
pulmonary “capiflary” pressute occurred m eleven of the tw elve paticats
(Figure 17) Baker, Brock, and Campbel (5) noted a fall of pulmonary
artetial pressure postoperatvely 1 three cases The fall of pulmonary
“capillary™ pressure in our panients resulted 1 2 rehief of therr pulmo-
tary congessve symproms which were ther major cause of disabaliy In
2ibut rwo cases, thus pressure s.as welk below e pulmonary edema Jevel
postoperamnely In W, pimonary “capilary” pressure was hicde
changed. biye mstead the cardsac output and blood flow through the valve
had increased considerably In A.D, severe tueal tegurgtanon was
considered 1o be the cause of the fadure of the pulmonaty “capillary™
pressure to fall to more normal levels. The dramaac fall of pulmonary
“capillary™ pressure postoperatively was reflected chmcally by the im-
pressise absence of dyspnea, orthopnes, and other signs and symptoms
of pelovonary congesnon w the postoperative penod

£ Pulmonary astersolar yessstance. In eight pavsents there was no signsfi-
cant change 1 pulmonary artenofar reststance 1o 1 three % ks post-
opesatively (Figure 18) In EL and W F, the dectease of

speraone Tenistance
3s striking and was w excess of any possible error in the methods. ta

TC.and { G, fess strikang bur siymficant reductions of the resistance
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were observed  The marked fall of resistance in E.L. and W.F, 50
early 1n the postoperative period strongly suggests that part of the
elesated arteriotar preoperatively was due to f 1 vaso-
consencrar actwaty and ehar the postoperative values for resistance rep-
resented the residual obstruction due 1o organic narrowing of the
artenoles which 1s known to be present in severe mitral stenosis (13, 14),
Intwopanents (B.A.and T.CY, values for resistance returned atmost to
rommal (160 and 131 dynes second oS respeetively) seven months

]

rensure mmHg

gt ventriculor Diastotic P
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10r Diastoc Pressure before (Dl
ond atter (FA) Mol Votvulontosty

Tiguze 19

posto, v\ u f pulmonary arten
peramnely Whether OFgamc narrowing of pulmon: Ty arterioles
15 resersible m all patrenys 15 not know st await study of mor
pa known and St anait study of more

6 Right cennulyy Junctim Six patients had eleva
vennenlar dustolye Slling pressure (Figure 19} Infour of these panents,
o g toperatively, in one (W F ) 1t had fallen shghdy:
iting 't was unchanged In one panenr (LL) there was 5
e e € preoperamnvely to 13 Postoperatnely. Aetive rhey-
el Suspected as the cause, although there were no other

Y Mamfestations, The gencral trend s a5 clearly 2 reversion

tions of mghy
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he anricipated tobe Higher m bnllators, but it 15 these very patients & ho
stand to recesve the greatest benefic from surgery. The “,‘“““‘ effect
of the operacon. en cardige thythm remains to be derermined. At ts
anting, there 15 7o evidence that chromc auncubar fbnitianion spon-
tancously reverys 10 normal simus thythm pnsmpcr?nvc\y. .

The only five sbsolute contramdications to operation 3t this stage
of evotonon of the surgreal procedure, 10 out opinion, ace: 1} that the
mueral scenosts 15 100 muld, L €., Symptoms are Dot SELETe enongh 1o keep
the patient from a useful and productive life, 2) that there 15 a serions
assonted disease, e+ wherculoss, nephruis, e 3) that bactenial
endocarditis 15 present; 4) that acuve theamatic fever is present; and
5) that other valve lesions are present in serious degree The recognition
of theurmne cardites 15 dffule when w1 smaldetiag and often defies
all of the usual sests If there are no chinical manifestations of Mheumaric
acumity, howerer, It 1s assamed that sheurmatic activity 15 either absent or
sommmal 2s to be of birtle waporrance as regards the decision to uperate

Indieations. In our opmon, nght mitral stenosss 15 the mdicanion for
mueral valvalaplasty By tighe 1s meant a valve area of 1,0 sq em o less.
This can uwsmlly be recogmzed socurately 1n pavents with pore mutral
stenesys 'Withous Tesorting 1o catdiac catherenizanon.

Mechanical narrowing of a mutral valve 15 well tolerated to a posnr.
When 1t 15 bur 20 per cenr of ets normal size, i e., about 10 5q am,
SVmpLoms 2e¢ presest at vest of on the shightest cxernon (12, 22) We
hrve d considerable difficulry 1 g larger valve sizes
o iln?:m! grounds alone, but have sefdom had difficulty 1 recognining

ight” muteal valves I order to do this, aggravating factots must be
elimnated such 2 thyvorowicoss, pregnancy, active theumanc cardius,
subacute bacrena} endocarditis, uncontrofled rachycardia, and other
complicating epssades such 25 arrenal ot pulmondry embobism. In short,

the panent 15 wnder good medical management with
Ut 3
wilaences The symptoms and s : el

gns denive from che mecharseally
abstructing mutral valve. N !

. Nathing 15 30 1mportant 28 a casefid history wih one's awtention
focused on symproms dunx?g the pertods when these complicating evenrs
a‘r‘e sbimt—a carefal physical evamunation, an x-tay and flaarascopy of
the heart, and an electrocardiogram. 1€ the patient with, pure mitral
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toward, but not nceessarily to, normal values carly 1 the postoperative
course.

Discussion

From these catly postoperative observations, st is apparent thir the
surgical relief of mitral stenosis encails an evaluation not only of the
stenotic valve itsclf, but also of mural regurgitation, pressure and fow
relations across the valve, arteriolar resistance s the lung, and right
ventrseular function,

The postoperative size of the mitral valve was increascd in all cases
but was only 30 to 50 per ceac of che normal size. By the surgical tech-
nuque used, it seems unlihely o this avthor that the size can be made
greater As described n detail elsewhere (11), a valve atca of 1.5 sqem
or more should result in restoration to almost normal activity, assoming 8
regression of pulmonary vascular changes and retura of rght ventricubar
function to normal.  1f the valve 15 2.0 sq cm or more, the patient has
symptoms only on excesstve exertton. & certain and appreciable nambet
of such panients may niever progress to symptomatse discase (21). Sor
gery has certanly not been suffictently perfected as yet to justify its use
in patients with valve areas greater than 1§ sq em.

A general concept wn the past has been that rehief of stenosis must be
at the expense of producing nutral regurgitation. Harken (2) was the
first ta recagnize that 1t was possible to reheve stenosis without pro-
ducing regurgieation. The data reporeed here amply confirm him i
demonstrating that the valve onifice can often be mercased to 2 s'ilc
which enables the patent to tive a hfe of all but truly excessive acuvity
without the concosmutant production of regurgeation.

The carly as well as later return of pulmonary arteriolar reststance
toward normal m some of our paticnts 1s exeremely encouraging and
indeed surprsig beeause authontactve pathological opmion has been
that thts would probably not occur (14). Although relief of miteal valve
obstruction would relieve pulmonary congestive symptoms, the paticat
might still remasm relatvely meapacttated 1f such clevated resisrances
perststed after operation. )

The presence of auricular fibrillation 1 itsclf has no bearing on the
deciston 1o operatc of NOL to aperate, The meidence of embolism can
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One of the pressing questions is whether the valve orifice will con-
snue to remam patent for 3 prolonged peniod of ume or whether it
il become seated off agan m the course of weeks or months. Since the
enifice 15 contnually opening and closng, the only obvious ways in
«hich 1t can become reduced 1n size agaw are by a recurrence of active
rheumaric valvulins or by thrombus formation on the fractured com-
fussuce at or shortly after operauion, before endothelium has grown
over the denuded areas Sufficrent objecuive dara are as yet unavailable
25 regands the size of the ymral onfice six months of more after opera-
aom, bue cluneat fallow-up on these patients mdicates progressive im-
provement tn thetr exercise tolerance over the course of the succceding
four 1oy monrhs, which 18 possibly anmburble to the regressian of
the secondary vascular changes in the lungs. After six months, their
actaty stbilizes and therr capacity to exert themselves has shown no
tendency 1o dimumsh. Jr-would seem likcly, then, that the vahe onfice
has remained unchanged m size for penods up 1 three years, which s
the tongest that any panents have been followed.

To date, 115 panents have had 2 finger fracture valvulopfasty per-
flormed by )D\\ gt £ Harken. Srxey-five have boen m hus graap 3 (23)
correspording with cortain mod 1o the same grouping of the
New Yorhk Heart Assocuation) There have been four opcrauve deaths,
2 8 per cent mortaticy-—all 1n the earlier part of the series Among fifty
patiencs 1 group 4, there have been eighteen operative deaths, a mot-
::\‘:Z‘b\“: ,i;r:;:ml With experience and with the development of

ns, there have been no technreal deaths m the lase
exghty or more of Artenal embolism has d for seven
daaths, carduae standstill, ventricutar fibnllation, and shoch have ac-
cl:)nunm\ for abour ten deaths, and the remainder have been from miseel-
m:;:‘i f&:::o;\:\:dw of rh;s mortality ocenrred during the develop-
and me:hcsla will ;e(?}): ; e, Dct{,]; of the surgreat technuque

Te1s apparent chat thca chr:i::eni\;\bha!mms qlf flarken (19,
pmi wueral stenosis and who are mml;a;;(‘e‘:l‘b;“ef:;c:r:;“d};: h-“:
s by, s ]t s bt s
T those she do‘kr\: \":; (,;;T‘;l) r:snlzrgvd and whohave licke or no edem,

and signs v
e, 1 those who are pletely ncap e Q(- “‘ih:;:: t:mhr le\urc,

s
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stenosis has any four of the following eight manifestations, he can be
conﬁdcntly assumed to have a mitral valve arca of 10 sq cm or less,
i.e., a ught mitral stenosis (12).

1. Severe excrrional dyspnca on one flight of stairs

2. Left auricle moderately or markedly cnlarged by fluoroscopy

3. Pulmonary artery moderately or markedly enlarged by flyoroscopy

4. Rughe ventricular hypertrophy by clectrocardiogram

5. Auricular fibrllatton

6. Hearr 20 per cent or more enlarged by roentgenogram

7. Hepatomegaly (4 em or more below the costal margin)

8. Three to four plus edema
Four or more of these mamfestations are, in our opinion, tndscations for
mitraf valvuloplasty.

The presence of mutral insufficiency or mvolvement of other valves
in the rheumatie process complicates the decision regarding surgery-
Tt must be remembered that mutral valvuloplasty 1s designed specifically
for relicf of severe mitral stenosis If other valves are involved, the
degrec of improvement from mitral valvuloplasty will not be so great
as in purc mutral secnosts.

In patients with mitral stenosss, the estimation of the seventy of other
valve lesions 1s not casy In our experience, the best clue to the severdy
of aortsc msufficiency 1s the diastolic blood pressurc; of asrtic stenosts,
the duration of systole on a brachual artenal pressure rracing; of mitral
wistiffictency the presence of left ventricular hypercrophys combned
ventnicular hypertrophy. or even the absence of right venericular hyper-
trophy 1n a patent with both systolic and diastolic murmurs at the apex
whose symptoms and signs would lead onc to expect that right ventrcd
far hypertrophy ought to be presents of tricuspid wsufficiency an en~
larged pulsating hvers and of tricusptd stenosts, pronounced edema and
ascites and an elevared venous pressure not responding well to the usual
forms of cardiac therapy. Cardiac cathetcnization 15 now reserved for
those cases which remam doubtful using the usual climcal measures:
If onc or more valves other than the mitral have scrious discasc, 1t 18
not 1 the best interest of the patient to operate. If ane or more valves
are mimmally 1volved and the murral valve 1s severcly stenosed, a good
but nos excellent result from successful mutral valvuloplasty may be

anticipated.
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Dr Duaght E. Harken has performed the surgery, azith the able assistince
of Drs. R E. Farrand, H. L. Black, and J. E. Dackson, HE

b hological
Without the collab and fund !¢ 10 the patholog

phystology and elimeal and physiological correlations by Drs. R, Gu{hn,
B.A. Leccis, and E W, Haynes, this work <could not huve been possible.
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and the results are not so marked or so sure, but in some the bencfit has
been dramatic.

From this study, some of the problems of the effectiveness of mitral
valvuloplasty have been answered. but many remain to be solved. The
results are so encouraging, however, that this surgtcal approach scems
to rest on solid ground.

Summary

1. The salient powts of the pathological physiology and chaical
manifestations of mutral stenosis and of surgical objectives have becn
discussed.

2. Twelve paticnts with mitral stenosis on whom valvuloplasty was
performed by Dr. D. E. Harken at the Peter Bent Brigham Hospueal have
been studied before and two to six weeks after operation in order ©
obrain objective information regarding the cffectiveness of the surgicsl
procedure.

3. The ortfice of the mitral valve was mereased mn size in cach case,
bur in none was it brought back to normal. In the majority, the post-
operative sizc was such that normal but not excesstve actvity should
be and actually was regained.

4. Mitral regurgitation was not produced in cleven of these twelve
cascs.

5. The immediate effect of operarton in ten of twelve cases was 10
lower the pressure mn the pulmonary errcuit rather than to increase
cardiac output.

6. In two pattents, therc was a dramatc decrease and m two others
a sig decrease of pull y arteriolar resistance shortly after
operation. In two, this resistance had returned to practically normal
values seven months after operation. Whether changes m the artcrioles
of the lung will regress completely with the passage of time in all cases
cannot be answered as yet.

7. There was a gencral tendency for the diastolic filling pressurc of
the right ventricle to decrease postoperatively to ar toward normal.

8. Operative indications and risks have been discussed.

The author 15 merely the spokesnan for a team at the Peter Bent Brighnn
Hospital aho have recently been concerned an the study of nntral stenosis.



Chapter 9

SURGERY OF ACQUIRED
VALVULAR DISEASE*®

Robert H. Wyliet

Introduction

CONSIDERATION of the surgery of scquired valvular disease
A 2t this moment involves prncipally the surgery of mutral stenosis,
However, the surgical correcnion of 2ome stenosis and nsufficiency of
the mutral valve 15 on the horzon, but at this ime there 1s not cnough
evdence at hand 1o evaluare these procedares. Just beyond the horizon
also are other techmgues of deahing with acquired lesions of the cardiac
valves, but these wall anair the further development of methods for
artymg on the airedlanon arficrlly in order that one may opesate
under ditect viston in 2 bloodless field

History

At the begnming of this century the 1dea of surgically opcning the
stenosis of the mutral valve occurred to D W Samways (1) and Sit
Lauder Brunton (2) The larter had made the observanon thar the
stenonic mitral valve could be opened readily at the nme of amopsy and
suggested that such an opening should be made 10 the shits of the valve
and not 4cross the leaflets. Thus in 1902 he wrote, “On looking at the
contracted mitral orifice 1n 3 severe case of this discase one 15 impressed
by the hopelessness of ever finding a remedy which wil) enable the
auncle to dnve the blood 1 a sufficient strezm through the small mitral
onifice, and the wish unconsciously anses that one could dwide the
constneuon 35 easily during Uife s one can after death, The nsk which
such an operavon would entarl would naturally make one shrnk from e,
\;1{xf\scn“:\:‘m(~‘i.‘{“§§:a::;n?s" at the 24th Graduate Fortmght of The New
+
o 2 S e o g s Wy S o P
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function. Thus the stenosis is reheved without producing regurgteation
k gh the valve.
mc’;‘%‘:‘?“x:hn:edxﬁcrcncc of opimon now among the SUrgeons who
Tave had the greatest evpenchice 0 ths field that the use of the Ic("(
auricular appendage a5 the avenue of approach to the meral valve ig
far supenor 10 any other rechnigue. There 15 some question, how c\'t‘r.
25 to the best method of separatmg the commissures of the wenotic
merad valve. Hashen (131 15 of the opaton that in most mstances thas
separann can be adequatety performed by finger manpulation which he
alls finger fracture valvuloplasty He reserves the techmque of ncrsing
in the commussures for a munonty of the cases Blalock concurs with
thus practice OOt the other hand Badey (14) and tus associates use an
tmasion 1 the commussures it the majority of their cases because they
beheve that the division in the commussures 1s betzer controlled by this
method and there 15 less Yikelinood of veanmg mro the valve leafiets
which has the disascrous effect of producing an unconteollable regurgi-
tanon Also this group belicves that a more adequate scparanon bach 1o
the normal nssues of the vatve bises 1s made posstble by an masion thus

1o ensure beter vabve function with fess ikebhood of the recurrence of
the stenosts

Anatomy and Physiology of the Mitral Valve

Ear a camplece wnderstanding of the bavie prineiples andetlying these
surgical mancusers 1t 15 necessary to consider brefly the anaromic,
pathologic, and physiofogic aspects of the mutral valve. The notmal
miral valve 15 2 somewhat conical cuff of cun flevible membrane. The
apetand oucer surface of the apreal half of this cuff are atrached by the
mummegous gy wares of the chordae tendimeae ongmating 1 the papil-
farv muscles which anse from the ventnenlar wall, The chordae ten-
dinese are grouped more heavily 1 1w o areas of the apex of the micral
caff thus formung two components of the valve, the anteramedial and
posterolateral teaflets The base of the posterior leafler is atrached ar
the anoventrievlar ting The ancenor of aornc leafler 18 ateached ar
us base 1o the ving surrounding the sysiemie aomic onfice and hence

3ppears as a downwand prolongstion from the posterior border of the
sortie otifice. This anatonueal

15 exeremely nmp be-



122 DISORDLRS OF THE CIRQULATORY SYSITM

but in some cases it might welt be wordhuhile for the patiear o balance
the risk of a shortencd life against the certamty of s pealaa e pected of
existence which could hardfy be caffed hife.” ft remained for Tuthier (3),
however, to make the first attempr ar surgical corrcetion of ag acquire
valvular lesion. In 1914 he reported improvement in the condition of 3
panent having aorne stenosts afeer digieal dilatanon of the sortic valve
by mwagination of the wall of the ascending aocea. The previous yest,
after an unsuccessful atrempt to open a congenital stenosis of the pulmo-
nary valve by introducing an mstrument through the wall af the right
venrnsele, Doyen (4) considered using the same approach for reheving
the srenosis of the murral valve

Afrer this 1t was por unn! the 1920's that Cutler (5, 6) and Dis
associates began an exhaustive experimental study of the problem. Theie
study led them to the surgical creatment of seven pagiencs with mitral
stenosss between the years of 1923-28, The approach to the probfem
was through the wall of dhe Ieft venrricle using 1 valvulotome blindly—
one of these patents survived. In 1923, Allen and Graham (7) ateempted
o reheve a stenosis of the mueral valve by means of a cardoscope whieh
afforded some degroe of visualization of meracardac structaees. It 1915
Pribram (8) m Germany using the technique of Cutler opcrntcd un-
successfuily upon a case of mitral stenoss. It s extremely mreresting that
Soutear (9) 1 England in the same year, using an approach through the
aunicular appendage, antrodueed hys finger through the utral valve sue-
cessfully. Ths imitral success, however, was not follow ed up and for the
next exghteen years o farther atempes were made OF chese twelve
operations for mitrat stenosts i s carly period only three patents
survived.

The rencwed interest and present state of our knowledge of the
surgery of acquired vahvular discasc 15 the resulr of the proncering work
of Baley (10), Harken (11). and Smuthy (12) The older methods of
attack upon the mnral valve had telied far che most part upon excising
or incismg the stenatic valve to produce some degree of regurgeeation
through the valve as the cost of rehieving the stenosts. Badey’s coneep-
wion, which he has carried into practice, has been o wcise the valve
between the fcaflets 1n the commrssures to more normal fissue ar the
basc of the valve to widely open the stenotic valve while preseeviag its
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recombent on the nght side. The chest & all is n?cncd widely u;' the
fourth mterspace by an sneercostal imcision extending poscerorly ro‘l“n
the tramsverse processes of the vertebrae 1o the Lucral lx?rdcr of the
stermum anceriotly A smal) inciston 15 made 1 the peticardiom and § o
of 5 per cont Nowacam ate snsulled and allowed to remain in the peri-
candiaf sa¢ for five munures with the masion clamped. The pencardum
1s then moised Jongrtudimally § T aMenor oF PRSKELOF t the phremie
nerve depending upon the position of the underlyng feft auncular ap-
yendage The left aurtcular appendage usually 15 distended and easily ac-
cessible Tn four instances, however, the appendage has been the site of

1
an org: of

In two i the aunicular ap-
pendage thus myolved appeared a5 2 rudimentaty process about the size
of the tip of the mdex finger Aftec mfilrration of the base of the auncular
appendage wath b5 per cemx Novocain, a purse string suture of #1 brauded
stk 15 passed about the appendage at 1ts buse. A noncrushing clamp 1s
clased over the base of the appendage, 2nd 2 pornion of 1s tip 15 ampu-
tated The nghe index finger 15 mserted in the left auncle as the clamp s
released and the purse stung suture drawn snugly about the finger. In
the instances where the auricular appendage 15 rudimentary and obliz-
erated, a modtication of dus techmique entatls passing the purse sunng
suture about the appendage 1n the adjcent auncular wall and ncising
down wichin the wall of the obliterated appendage 10 gain access ta the
aunele When the Baley type kmfe 1s mtroduced with the finger, o
gloses are worm on the operator’s night hand The blade of the commus-
suraromy guillotne hnife 15 inserted berween the glaves on the ndex
finger—the np of the auter glove having been removed and an opening
made at he base of the ndex finger.

The finger 15 well tolerated 1 the auncle, and exploration 1s carried
ot 1o find the mutral onsfice The size of the anfice 15 determuned, and
a artempt s made to ascertan the site of the commussures 1t s smpor-
tanr o note at this ume the presence or absence of a regurgitane et
comung bach through the valve and 1o derermine the extent of fibrosts
:\\:d 3\:;5‘;::;1:; ::::}:;?Qgs x:: \;‘ah'e )c:l‘ﬂels—pamcuhrly the antero-
be ot 1 bl oty 2 e has :t %nvo ved thus antenor leaflet st walt

gnst the finger with each syseole
un?‘c: f’l"i“f : then forcibly inrroduced through the stenotie mucral
pressure everted @ the direonion of the anterolateral com-
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cause the large anterior leafler is demonstrated as a baffle covering the
mitral orifice and deficctng the flow of blood in systole through the
aortic opening. Thus the large anterior leafler is the main structure 1
protecting agamnst marked reguegitation through the mitral valve, and
any interference with this funceion as a baffle against the aortic flow
by operative tear or by discase will lead to compromising regurgitation.

The small postertor leafler of the valve is of sccondary importance
in the funcrion of the mieral valve. Lying as it docs along the lateral
wall of the ventricle it 15 out of the line of the aortjc thrust of blood in
systole, but also becanse of this position 1t 1s displaced inward by the
contraction of the venericle chus permutting 1ts leaflet to purse with the
anterior leaflet to affect efficient closure of the valve.

The portions of the comeal cuff which tie berween the ends of the
valves become infolded 1n the closure of the valves, and it is these :u't“-fS
of info)dmg which become fixed m discase ro produce an anatomic
reality—the commussures.

In rtheumatic discase with the fibrosis and contracture dependent upon
it, the mitral valve becomes distorted. This distortion may be hmited in
cxtent and may resemble merely a purse string puckering of the valve
onfice with the man partions of the leaflets remaining soft and pliablc.
In this mstance where the valve orifice only 1s involved 1t 1s conceivable
that the valve Icaflets may close above the ngd stenotic opening 10
prohubit regurgieation. In other instances the discase mvolves greate?
portions of the cuff leaving a flexible margin only along its base. in far-
advanced discase the whole valve becomes a nigid, iflevible, and often
calaified plaque with a small ovord fish mouth opeming. In some of these
latter instances where the valve leaflets are extenstvely mvolved and
shortened, mutral regurgitation may be the predominating feature and
surgical mterference by mampulation of the valve is not indicated.

Surgical Technique

The techmque of operarion which has been employed on the Fisst
Surgical Diviston at Bellevue Hospital where Himmelstem, Lambert, and
the author have worked as a surgteal team on this problem 15 fashmnq‘
closcly after the rechmques of Basley and Harhen from both of which it

duffers, but lietle. v
The operation consIses in a left tateeal approach wath the patient lying



ACQUIRED VALVULAR DISEASE 127
digiralized panient has been tequired as one eriterion of acceptance of
patients for commussuroromy.

Pantents who gne evidence of sctive theumatic ifection ot, ?f course,
sibacure bacteral endocarditis ate ot sceeptable for operasion, Also
the presence of any major imohvement of any of the o(‘hcr valves of the
heart 15 2v presenr a definite conrandicanion Patients with 2 stmall degree
of myrat regurgitanion as evdenced by 2 syswohc murmar have been
considered for operation only where thete was no evidence of left
sentricular hypertrophy. Also munor aotic diastolic murmurs n the
abscnce of other chnucal evidence to support aortic insufficiency have not
feen consdered contramdicanions. Patients with a small degree of mueral
regurgutanon as evidenced by a systohic murmor have been considered
for operauion only where there was no evidence of left venrricular hyper-
twophy  Also munor aorte dastohic murmurs m the absence of other
chimeal evidence to support aorue msufficiency have not been considerad
comramdications Bouts of franh cardiae faiture have not been regarded

as 2 deterrent to operation as fong as the patient 15 compensated ar the
nme of the procedute  Auncular Bbel dered

15 not
significarice 1 the decision to operate

as of

It ts our philosophy at the present time that 1t 15 mere reasonable to
accept the severely incapacitated pavtent for surgery where there 1s litdle
doubt as to the progressive and eripphing narure of the lesion thanat 1s 1o
accept those whose ncapacity 1s only indicated st the future. Thas phi-
losophy: naturatly carries wath 1t a hugher morality as the more severe
€ases arc encountered, bt at the present tme the follow-up 15 nor long
enough to sdvocate the epetation i those patients who are not defimeely
ncapacitated or fail to show evidence of a definiee degree of physiclogic
:l:ch \,:s\' e h‘ by cardiac cath studies. Thns arestude

v be alrered wii i
e ered th he passage of time when mare adequite follow-up

Resules

A consideration of the resuls of rhis procedure should be focused first
upon the immeduate operative results in terms of ‘mortality, second vy
the catly postoperanve resulis 1n ferms of a retum to normal clmE::;
:‘um\y wuh evidence of rehef of the physiologic block at the mutral
valve, and third vpon che long-term follow-up where the problems of
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missurc. In most instances the valve splits in the region of the commis-
surcs afier the muial resistance of the fibrous ring at the mirral onfice.
Tt has been our expericnce ina limited group that the valucs in about one-
third of the cases do not open widely by this method. In those instances,
first where the valve cone is greatly clongated with a rubbery aperure
and second where there is extensive fibrosis and calcification well back
on the bases of the valve, onc initial actempt is made to dilate, bu if this
fails the kmifc is cmployed. The knife is then protruded through the open-
mg, and the hooked blade engaged in the anterolareral commissure. Ap-
proximation of the guillotine is carricd out to divide the commissure. It
has not seemed necessary in any of our cases to employ the haifc in
diviston of the posteromedial commissure.

The finger and kntfe are now withdrawn from the auricle as the purse
string 15 ticd, The cut edges of the auricular appendage are oversewn 1
ensure closure. Several sutures arc placed i the pericardral opening, but
no attempe ar real closure 1s made The chest s closed with intercostal
tube drainage.

Sclection of Patients for Operation

In the selection of cascs for operation we have relied heavily as sue
geons upon the judgment of our medical confreres Drs. Richards, Cour-
nand, Ferrer, and IHarvey. I wish to emphasize heee the value of close co-
operation of a modtcal and surgieal team in the sclection and aftercare of
these parients. It 1s obvious that all cases with stenosts of the mirral
valve are not candidates for this operation. As expenence accumulates,
follow-ups on our patients become more adequate and the rish of oper-
arion 1n different groups better established, these indications will un-
doubtedly change.

At the present time, the group at Bellevue Hospital 1s of the opinion
that the following are indications for a dircee attack upon the stenoric
mitral valve. Chimcaily, there should be symptoms and signs of putmo-
nary engorgement, dyspnea and cough on cxertton, paroxysmal dyspncs.
pulmonary cdema, or hemoptysis In addition, supportve evidence o0
pulmonary hypertension and dimimshed output of blood from the left
ventnicle as a result of the block at the mitral valve 1s sought through
renization studics in the digialized patiene. Elevated pres-

cardiac cathe 3
sure in the pulmomry artery with a dimmtshed cardiac output 10 the
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cathererization studies one year following surgery. '“\csc. studies now
288 the waght of taboratory exidence to that of the clinical, and also
show that there seems to be continuous imptovement in these patients.
The status at ane year following cperation is betzer than ar one month
after surgery from the evidence of these data. o

Of the t.0 pruents who ate considered imp d symp a
this time, one we believe will prove to be our poorest resuft. There was
amild degree of regurgitanion through a stenosed cakeificd mitral valve
in s case. The degree of regurgitauon was not Tessencd by inaising the
commussure anecrioely to relieve the stenosis, because of the immobality
of the feaflets Also the histologie examination of the auniculat appendage
chowed actve rheumane auriculitg 1 spite of no evidence of clinscal
avamity duning a jong period of observation prior to operation. Although
2ancahius has been found 1n three other of our paticnts we believe that
it 15 signuficany an this case because of a prolonged febnle course post-
operatinely Thus, m the early follow-up, thevmatic acimaty, although
ansuspected chmucally, ts actually shown to be present wn some of these
patsents and may act as a houting factor

Another factor which may aler the result obtained from mutral com-
missurotomy 15 the secondary obstruction in the pulmenary ciremt due
10 pulmonary atherosclerosis m long-standing cases of mitral stenosts,
Julian Johnson (17) has drawn attention to this and beliescs that the ob-
steaction due 1o pulmonary vascular lestons 1 some cases tay be sig-
nuficant enough ta negare the effect of surgwcal openng of the sl

valve. Qur group 15 nvestigating thus aspect of the problem but as yet
has no evidence of 2 convincing nature.

& compheanion has cecurred 1n two of our panents during the peniod
of 51x wecks to four months followng operaron This s consisted 1w
Teworning attacks of fever and bilareral chest pan withour cough lastng
from five days 102 week The explanauen of these episodes is not clear
:1[ the present nme. With them these bas been 1o evdence of cardiae
ecompensanion although 1n ene case auricular fibritlation was present
trapsiently it 1s sarmused thar these artacks may Tepresent sheurmanic
actnty, passibly 2 pericarditis. However there has been no evidence
enther by xray or by el 10 sub: hae &
As'has been suggesced e of o
onas pgested i this roview of the early follow -up n a smal
Eoup of panents there are 3 number of factors such as the effect of con-
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secondary contraction of the stenotic mitral valve and the effects of con-
tinued rheumane acrivity will be answ ered.

A full cvaluation of chis procedure cannot be given unil the answers
to these last problems are known. In the meantime, the evidence at hand
indicates that the mortality of the operation and the early results in
praperly selecred cases certainly justify the continved use of this oper-
ation, Whereas the initial mortality reported on the firse small groups of
panients operated upon by Harken and Badey was 60 per cent, the de-
velopment of technique and better selection of patieats has brought the
mortality down to nearer 10 per cent in these experienced hands. Alfead
Blalock (15) has recently reported two deaths in a serics of t\\cn[)"ﬁ\'c
cases. In one of the patients thar died, intracardiac manipulation was oot
performed because of the oblrterarion of the auricular appendage and
death was due to cercbral embolism Narurally the morrality wlt floc-
tuate with the severity of the discase, but where sclectton of the patients
has been strict the chance of improverment at present well justifies the
nisk.

What are the early resuls and what are some of the limitations that
are recognized® At the present time there ts heele seaustical evidence even
on the carly results sn these patients. Glover (16) has reporeed for
Bauley’s group on 41 paticnts on whom commissurotomy was performed.
Twenty of these or approtimately 50 per cent are considered (0 be e
ccllent results from the chmeal standpoint. The remander, or 21, they
consider to be improved. In this respeer our experience, although small,
15 worth recitmg. Nme patrents berween the ages of twenty-si¥ and
forry-mne years have been accepted for thus operation, and seven have
survived. Onc of these patients died at operanion when the posterior all
of the aurscle ruptured as the finger was bemg mtroduced through the
aurscular appendage. The other had a cardac arrest during meracardiac
manspulation and although normal thythm was re-ostablished by cardia
massage, the pattent did not regamn conscronsness and died cighteen
hours later.

The startts of the seven survivors is as follows: five of these patients
are, from a symptomaric point of view, considered as eveellene early
results and two are classified as improved at the present ume. OF the five

wents who are considered to be in the cxcellent category, two whe
were opcmmi ypon mincteen and sixteen months ago have had cardiac
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been somes hat g, it is highty improbabl that such grafts
would flourish in the searred aress of dweased valves.

The third hne of endeavor in the correction of the msufficiency of
the mutral valve has been dirccted toward the use of pedicled Raps
Placed acrass the left venmncle just below the mural valve sa that the
flap wilf obstruct the incompetent valve 1n systole Gordon h}umy (2
has used vein segments while Buley has employed penca@:l grafts to
achseve the same purpose, Tt 15 impossible at this nme 1o give 3 proper
evaluaeian of chis medhod. Te s fare to say that the problem of smsuffi-
ciency of the valves of the heart 15 gong to be 2 difficule one to solve
because of the complicated mechanism of the valve funcnion,

Aortic Stenosis

Aartsc stenosis 18 another acquired valvular Jesion which 1s challeng-
ing the ingenuity of msestgators w thus field Tras excremely wteresting
to recall that the first successfol opcranon for an acquired valvular lesion
was performed i 1914 by Tuffier (3 As has been noted previously he
w13 able to mvagmare the wall of the ascending aorta shrough the
seenased 2orte operung vsing fus finger and appatently to widen the
stenotic area as the patent was hing ten years later Tovesugation of
the possibalisy of treanng this lesion surgieally was revived by the late
Horace Smuchy (12) w the 1940's. Incision of the stenotie zortie valve
using the left ventricular approach has been performed by Blalock and
by Buley but wuthowt success The problem of operung the stenotic
gotue vabve 1s not only complicated by the difficulry of approach, bur
alsa the produenion of apprecisble degree of regurgitation 1s not tolerated.
More recemtly Bartey and fus associates have attempted €0 steetch the
stenanic ortic valve using a dilaror mstead of an instrument to meise
the value, with more success Onginally an approsch was muade through
the casoud artery and down the sorra, but apparently this route has now
been abandaned m favor of the ventnicular approach ft 15 only possible
now to indscare the methiods thar are bang employed to atrack the com-
phcared prablems nvelved 1 the solunon of insaffictency of the mugral
valve and of stenosis of the soruc valve 11 15 probable that even now
there are other methods under mvestiganon which will solve these com-
plicared surgical problems. On the other hand 1t may be that the solu-
trons sl noe be found until aperations can be performed n a dry field
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tinued rheumatic activity and pulmonary arteriosclerotic changes which
will have to await a longer closc follow-up for a proper evaluation. Sub-
sequent observations also may show that there is a gradual re-formation
of the stenosis either with or without recurring rheumatic actwity.
However, the carly results that are being obrained m the treatment of
mitral stenosis by a direer attack on the valve are good, and we believe
they far outweigh the risk of the operation i carefully selected paticnts

Pulmonary Edema in Mitral Stenosis

In addiuon to the method of treating mitral stenosis by durect atrack
upon the valve, efforts have been made to prevent the bowts of pul-
monary edema which occur 1 this discase. Atcempts o solve this P""’b'
lem have been made by the anastomosis of systemic and pulmonary vqﬂs
as performed by Sweet (18). Harken (19) also has suggested the mahing
of an interauricular defect to alleviate bouts of pulmonary cdema. The
utihity of any such shunting procedures must be limited. Ina well-marked
mitral stnosis there 15 a dimimshed outflow of blood from the Icf
ventricle and there 15 an inability to increase this output with cxercise:
Therefore any decrease in the amount of blood reaching the lefe ventricle,
as might occur n the production of a shunt, will not be tolerated: It
scems clear now that any mditect surgical attack on the problem of
mitral stenosis 15 mferior to thar of removing the crucial block in the
arculation by surgical opening of the stenotic arca stself.

Mitral Insufficiency

The surgical correction of insufficiency of the mieral valve is dlf-
tinctly in the experimental stage of development. Investigation of .rhts
problem has been directed 1n the main along three limes. Fiest, igenious
mechanical plastic valves have been anchored in place c‘(pcrimcnml
ammals. It is certamly possible that such mechanical valves could be
introduced and secured 1n the discased valves of humans by the same
techniques, but 1t 1s very doubtful that these valves would continue ©
function for any extended period of time. .

Second, efforts have been made to repair cxperimenral defecets in
valves using tissue grafts. Gordon Murray (20) used nverted segments
of vein, and Templeton and Gibbon (21) vemn and penicardual grafts t
accomplish this feat in amimals. Although the fate of these grafts has
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stenosts,” J. Thoraae Surg , 19:16—45, 1950

15 Brarocs, A “Consuderation of some of the problems of cardrovascular
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129.161-76, 1949

22 Murasy, G, “Surgical rreatment of mitral stenosts,” Canad. M. A. ],
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r direct viston—which means the perfection of a techmque of extra-

corporal errculaion.

At this time in the midstream of progress in the field of acquired
valvular surgery it is possible to state that the operauon for mitral
stenosis 1s of great benefit to a sclected group of paticnts with this dis-

€asc.

The future with an adequate follow-up of these cases will prove

whether these patients are permanently cured or whether they have been
given worthwhile respite from the conunued ravages of rheumatic dis-

ease.

~

“

®

-

&

~

=

©

~

-

. Savwars, D, W “Cardiac penstalsis, sts motion and effects,

. Turrier, T, “Etar actuel de la chrruegic intrathoracique,

REFERENCES
" Laned,
1:927, 1898,

. Bruntox, L “Preliminary note an possibiltty of treating muteal stcnosis

by surgical methods,” Lancet, 1:352, 1902, and “Surgrcal operation for

mutral stenosts,” 1hid., 1:547, 1902

" T, Iothmt
Congr Med, 11:249, 326, 1913-191+. .

Doven, E. “Chururgte des malformations congemeales ou 2cquises du
coeur,” Amn. méd 21:86, 1913

Cutier, E C, Leving, S A., and Brex, C S “The surgcal treat-
ment of nuttal stenosis, expertmental and clinteal stadies,” Arch Surg
9:680-821, 1924, .

Cureer, E C, and Beek, C. S “Present status of surgreal procedures n
chronic valvular discase of the heare, final repore of all surgical €ases:
Arch, Surg , 18:403~16, 1929

. ALLen, D. S, and Granav, E. A “Intracardiac surgery, a new method,”

JAMA, 79:1028-30, 1922

Prizrast, E O “Dic operatve Behandlung der AMieralstenose,”
km Chir , 142:458-65, 1926

Souttar, D. W “Surgrcal treatment of mitral seenosis,” Brt. M. /s
2:603-6, 1925.

Barey, C. P. “Surgteal treatmene of mittral stenosis (mutral comimis:
surotomy),” Dis of Chest, 15:377-93, 1949

» Arch.

. Harnen, D E, Erus, L B, Wane, P F, and Norvian, L R “Surgical

treatment of mutral stenosis,” New Englmd | Med , 239:801-9, l94§;
Swims, H G, and Parner, L I “Experimental aorte salvuloromys
Surg., Gynec. & Obst, 81°625-28, 1947
Harney, D. E., Erus, L R, and Norstan, L R “Surgical treatment of
mitral stenosis, progress n developmg a conrolled valvuloplaste
technique,” J. Thoracic Surg , 19:1-15, 1950.



1%

15

1

7

1,

0

21

n,

8.

ACQUIRED VALVULAR DISEASE 133

Butey, C P, Grover, R. P, and O'Neut, T. J. €. “Surgery of miteal
stenous,” J. Therarse Surg , 19.16-45, 1950.

Btatock Consideration of some of the problems of cardiovascular
surgery,” | Thoracse Surg., 28:543-71, 1951.

Grover, R. P, Butey, C. P., and O'Nent, T. ] E. “Surgery of stenotic
disease of the heart,” J.4.A., 144:1049-57, 1950

Weeen, J, Jorssox, |, and Zinsser, He “Significance of pulmornary
Testons 1 the selection of panents for mutral vale surgery,” Ann.
Surg , 132°1027-34, 1950,

Sueer, R, H., and Buaso, B F “Surgncal relief of congestion i the
pulmonary cireulation i cases of severe mitral stenomss,” Ann Surg
130.184-97, 1949.

. Euus, L B, and Hawgew, D E - “Mueral stenasts, chiico-physiologic cor-

relanons with partcular reference to surgical intervention,” Tr
Clor Clomawl A, 60:59-70, 1948
Mumany, G, Wiiknsow, F R, and MacKenzie, R “Reconstruenon
of the vafves of the heart,” Canad M A J., 38.317-19, 1938
- Teverevon. | Y, 11, and Gamso, ] H., Jr. “Expenimental reconstruc-

tion of cardiac vahes by venous and penicardial grafts,” drn S
129:161-76, 1949 i iy

Am

. Mirran, G “Surgical treatment of mutral scenosss,” Cmad, M. A [,
6244447, 1950



Chapter 10

SURGICAL REVISION IN CONGENITAL
CARDIOVASCULAR DISEASE*

George H. Humphreys 1T

F ALL of the physiologic systems which in later life are so in-
tricately interwoven to form the complete organism, the cardio-
vascular system 1s the carliest to become funcrionally differentiated in
theembryo, Unlike the nervous, skeletal, digestive, or urogenital systems,
it becomes functional almost as soon as it forms, and on ns coninued
and uninterrupted function life itself depends. From the time, approti-
mately 14 days afrer fernlization, before which the developing ovum
depends on simple osmoss for 1ts metabolic exchange, until the revolu-
nonary physiologic changes which follow irth and mdependent Ife,
first the chorion and then the placenta carry on by means of the cit-
culatory system the acuvittes of digestve system, kidney, and lung while
these organs develop withour funcrion. In order to be able ro carry of
this vital role so carly in cmbryontc Iife, 1t 1s cvident that the nissues
of the airculatory system cannot be highly speciahized. It is not surpris
ing thercfore that these wssues retan much of therr primutive VIgor
throughout hfe unul eventwally therr degeneration becomes synonymous
with sencscence teself.

The circulatory system goes through a complhicared evolution,
not only reproduces in anatomic pattern a phylogeny of almost incon-
cavably remote annquity but which also s subject to arrests or aberes
tions 1n development at almost cvery stage. The resultant abnormihirtes,
+f not of such an cxeent thar fetal life cannot continue, are termed, afte®
brreh, congenital anomalics, or they are given the misnomer of congreni-
ral heart discasc. It 1s important, especially from the surgeon’s viewpoint

fuch
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to remenber that disease in the sense of a notous or destructive agene
actaching notrat tissue s not presens. The ussues are nnrmﬁ.“u they are
simply atranged mn an abrotmally atavistic or bizzatre anatomical patsern
whuch mrerferes more of less seriously with normal fanction. It is this
fact which renders these conditions pecuhiarly amenable to surgical
evtrecton if suitable techmgues can be devised 1o rearrange the pattem
to one which s Tieatky ot guite normal, or, faling that, to one which
pettmurs mote nearly nommal physiologic funcion.

It 15 not the putpose of this presentanion to discuss the mamfold
sbercations 1 development of perspheral vessefs. Most of these are of
Yitdle hinical ymporrance except for large or muluple abnormal artenio-
yenows commmcations, and they are usually, if 1 15 possible, best
treated by simple removal. In this field there 1s lierle that s not well
known and fess that 1s new Bur recently great advances have followed
development of surgical and anesthene techmques which permut more
of Yess Yengehy and meticulously careful surgical manipulations within
the thorat. In tus region the surgeon can now approach diteerly and at
tasure anomafies of the major vessels and, within etpanding lumuts,
anomaties of the heart wself.

) Tehas been customary to classify the more frequent of these anomahies
in 3 descrrprive way, labelmg them with the names of those who first
aalled atrention to 2 particulas fateer, oc by the pathologic term of the
most conspscuous anomaly and pigeonhohing them in ne coherent order.
beeah o mmem“sp );d L these arbitrary categories tend 10
mb‘:rm o subdinisions winch merge wio e2ch other or
erder must be :c‘:n:\:{n:f( ‘:ﬂs e defy g s Vet some
especially of we ate w g :n::\ lg\dlsc‘uss hemm p.r:lc“cal verms and
0 separate out those \\}iﬁh cin ’Dem “‘;‘;’iy S vl pormue 68
This 15 even more necessary tfnew m:\v l:s ok rhcosc oeh camox
unanskercd problems. ersare obe fossd to preously
)
m:mf\f'\ﬁ;m;';:; perbsps be made by firs scparating out those
:nk;l{;}:’;;“::"::‘:“:: patterm which 1s normal ax some stage before
Wy represent farures i normal 1nvaluton {Table

represent persistence o postastal hfe of a
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The nexe group might include those anomalies which resule from the
abnormal involution of structures which normally persist, or combins-
tions of these with persistence of structures which normalty involne
(Table [V). Finally, there isa group in which the course of development
is abnormal from the beginning. These do not rcpresent any stage

TABLE It

Persistence of Normal Teral Anatomy
(Failure of Normal Involution or Development)

A Parent ductus arteriosus
Patent foramen ovale
- Persistent left superior vena cava (entering coronary sinus)
. Double aortic arch
. Patent interatrial foramen (aurrcular septal defect)
Ventnicular septal defect
Persistent truncus arrerrosus
Common ventricle (pre-reptiiran heart)

vOo=

pme

I

=

TABLE 1V

Involution of Structures Which Normally Persist, Alonc or Assoctated wuht
Persistence of Structures \\’iuch Normally Involute

A. Coarctanion of aorta
B Righe aottte arch and associared anomalies
. Right subclavian ongimating from descending aorta
. Right-stded or brlarcral ductus arteriosus
I Valvular stenosis
i. Tricusprd Rudimentary night ventricle, pulmonary atresia, auncelat
septal defeet
2. Pulmonary “Pure,” with patent foramen ovale
3. Murral with aurtcular septal defece—Lurembacher's syndrome
4 Aortic Subaortic stenosts
Infundibular stenosis with falure of closure of ventricular membranous sef-
tum—tcetralogy of Fallor
Atresia of pulmonary artery wich fallure of closure of ventricular membra-
fous septum

k=1¢]

-y

2]

through which the fetus normally passes, bue the stage of fetal develop-
ment at which they originate can still be determined through know ledge
of the time refanonstups of normal development (Table V). It should
be cmphasized thar combinations of afl three groups are frequent. }n-
deed, the presence of an anomaly of the third group, most of which
originate very early in fetal hfe, may be a factor n altering the normal
development pattern of other structures later on.
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1f we now atrange these groups in parallel colurmns and hist them m
approvimate chronological order i terms of feral development, ccmt\:c\
chnous generalizations wmmediately become appatent. These m:s}m "
belpfil not ooly n bringing the jumble of apparently arbisranly de
yet overlapping anomalies into a comprehensible ordc\n but n\s(} "

derstanding the fund | relanonstups of the variots conditions
to the possninlm:s for thair correcnon (Table V1. .\t immedsately
fecomes endent, for example, tha the later 1s the stage in feral devclop-

TASLEV
Abnormalines of Development
A Pulmonary vascular anomalies
1 Aberrant artenes from aorma
2 Pulmonary \ewns enrering sepa cava or nighe atrium
3, Vema cava entering putmonary vosn or left atmum
B Abnormal ongim of mcuspid leaflets with mteratrial defecs
(Ebsrev's complex)
€ Guurniing 20na without wransposmon (Dsenrenger’s eomplesy
D Transpasivian of greac vessels (with assocsated anomabies)
T Dexrorardia (dosisorotation ot situs mversus with Je protation)

ment which the anomaly represents, the better 15 the prognosis Anom-
ahes representng fatture of imvolunon of structures normally present
ma 10 or 12 mm embreyo are for the most part cotrectable by surgery
(for example, patent ductus and double aorue arch) or they cause htde

physiologic disturbonce (parent foramen avale) In the second group,
hewise, ies caused by mvol of

which uswally
persise combined wath persistence of structures which usually molore,

if thewr ongin does not go back of the 12 mm embryo, etther cause no
symmproms (night aorte arch) of they can be completely corrected by
operation {coarctacon of the aorta)

16, however, there are anomabies onginating ar an carker stage, the
problem becomes more difficule. Correcuion of stenosis of the pulmonary
vahve can now be at least partally achicved by the procedure devised
by Brock, bue no sure way has yet been found 1o avercome congerural
stenases of dhe other valves and the anomalies usually associared with
them The immedsate brliane resules obratned w tetralogy of Falor
by creanon of an arnfioal ductus are achieved by mtroducing a com-
pensating abnormality which in many cases creates a more nearly normal
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The nexe group might include those anomalics which resule from the
abnormal involution of structures which normally persist, or combin:-
tions of these with persistence of structures which normally involute
(Table IV). Finally, there is a group in which the course of devclopment
is abnormal from the begmning. These do not represent any stage

TABLE 111

Persistence of Normal Feral Anatomy
(Fatlure of Normal Involution or Development)

. Patent ductus arteriosus

. Patent foramen ovale

Persistent left superior vena cava (entering coronary smas)
Double aortic arch

Parent interatrial foramen (auricular sepral defect)

. Ventricular scptal defect

. Persistent truncus arteriosus

H Common ventricle (pre-reptihan hearr)

ONMPpTOEs>

TABLE 1V

Involution of Structures Which Normally Persist, Alone or Associated with
Persistence of Structures Which Normally Involute

A, Coarctation of aorta
B Right aortic arch and assoctated anomaltes
C Rught subclavian origmating from descending 2orts
D. Right-sided or brlateral ductus arterrosus
E  Valvular stenosis X
1 Trcuspd Rudimentary right veatricle, pulmonary atresia, aricelat
septal defect
2. Pulmonary “Pure,” with patene foramen ovale
3. Mitral with auricular septal defect—Lutembacher’s syndrome
4 Aoruc Subaorc stenosis
F. Infundibular stenosis with fatlure of closure of ventricular membranous scp
tum—tetralogy of Fallot
G. Atresia of pultnonary artery with failure of closure of ventricular niembra-
nous scptum

through which the ferus normally passes, but the stage of fetal develop-
ment at which they origmate can sull be determined through knowledge
of the time relattonships of normal development (Table V). It should
be emphasized that combinations of all three groups arc frequent. .ln-
decd, the presence of an anomaly of the third group, most of which
originate very carly n feral hfe, may be a factor n altering the normal
devclopment patternt of other structures later on.
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If e now arange these groups i paratled colurnns and list them in
approumare hronological order in terms of fetal development, certain
chwious gencralizations immediately become apparent. Thcs.c may be
helpfil not enty 1n bringing the yumble of apparcntly arbitrarily defincd
yet overl lies 1nro a comprehensible order, bur also 1

gecstanding the fund ! rel hips of the various conditions
10 the possibibties for their correction (Table V1). v immediately
becomes evident, for example, that the Jater is the stagen fetal develop-

TABLE
Abnormalies of Development
A Polmonary vascolar anomalies
t Aberrant arteries from aorta
2 Pulwonary vems entering vena cnva of nght 2thum

3. Vena cava entering pulmenary vem or lefr atnum

B Abnormal orsgn of tnicuspid leafiets with mterarral defect
(Ebstern’s complety

C Ouerriding 20cra withour transposion (Faserumengte's cormplex)
D Transposirion of great vessels (with assoctated anomalies)
L. Dextrocardia (dcxtrorotanion or situs iy ersus wirh iy orotanon)

ment which the anomaly represents, the betrer 15 the prognoss Anom-~
ahes represcnung fadure of ivolution of structures normally present
3 10 o 12 mm embryo are for the most part correctable by surgery
{for example, patent ductas and double aornic arch) or they cause hrile
Physiologie disturbance (patent foramen ovale). In the second group,
Bkesse, snomalies cused by molonon of structures which usialy
persist combined with persistence of structures which wsually smvolue,
fthere opgin does aot go back of the 12 mm embryo, either cause no
symptoms {nght aortic arch) or they can be completely corrected by
operation {coarctation of the aorra)

IF, how ever, there are anomalics onginating at an eather stage, the
vroblem becomes more difficule. Correcnon of stenosts of the pulmonary
:l\; can row be at lease parcaally achweved by the procedure devised
“)m;::ts‘n;:m‘: no \S‘urc way has yet been foynd ta overcome congental
e v ‘m:‘::‘d::‘::‘;s and the anomahies usually assocrated with
by et of m e :xxzm resules obrained in terralogy of Fallor
Pnstmng hnomidng o ;mh ::cxus are achieved by 1ntrodueing 2 com-

1 many cases cfeaees a more nearly normal
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physiologic function withour correcting the anomaly atsclf. I is not yet
certan whether this balanced abrormality can be maintzined indefinitely.
Abnormalities which originate carlier than the 7 mm cmbryo, in which
nearly all of the thied group fall, have as yet not been substantially helpod
by operation.

It 15 also apparcnt that those lesions which produce decp and constant
cyanasts for the most part onginate very early and cannot be coreected,

TABLE \I
Feat Age Group 1 Group Group 11l
Term Ductus areerioses
Foramen ovale
Leftvena cava
Coarctation Correctable
Doubleaorticarch  Righe aortic arch or
Rught subclavian harmless
from descend-
ing aosta
Rught or bilateral
ductus
12 mm lnrcraerial foramen * Valvular PVA* Parually
stenases t correctable
Membranous septal  Tofunddbular
defect t stenosts *
7 mm  Interventricular Ebstein's *
foramen * Iisenmenger's ¢ Not

Truncus artreriosus § Arresia of pulmo-  Transposition 3 correctable
Common ventricle ¥ naryartery § Dextrocardia §

* Cyanosis inconstant.
+Cyanosis sanable of Iate i appeanng
1 Cyanosts constant and decp,

while those i which cyanosis 1s variable, inconstant, or lare in nppmring
are related to lies of a later develoy I stage, i some (?f which
spectacular physiologic improvement can be obraned by operation even
though a normal anatomic pattern 1s not restored. It 1s this group in
which furcher advances scem most likely to be made. )
Let us review, then, brefly the present status of surgical revssion

of these anomalies, ) '
Persistent patency of the ductus arteriosus heads the list. 1t 15 a condition
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which is normal at birth, and becomes abnormal enly when msfmml
(msolution fils to oceur. e 1s also the firse of all of these anor.ﬂ:\\\csAm
have been successflly cotrected, and it 1s now the anomaly in which
complete estitution to Rormal 15 accomplished with least dsk. "Thc
symproms which result from persistent patency of the ducts anenosus
vary wich the size of the opemng. When Ttas small they may be neg-
hgible, at Jeast 1 chiddhood and youth, bux when the opening 1s lacge,
allowing carrespondingly farge sbnormol flow of blood from the aora
e, mo the pubmonary ateery, the effects on health may be profound.
Vet even wn the appacencly symp dividual unevpected improve
ment often follows closure of the ductns, and 1t seems probable that Ufe
expectancy 15 prolonged

The diagnosis 15 usually not dsfficulr, for i the great majoricy of
cases after fancy 3 charactenstic machineryhhe murmur 1s readidy
heard over the pulmonaty area Those cases in which the mummur 1s
wmusuad are nsually mswances wn which the ductns 15 very latge and the
abnormally fugh pressure 1 the pulmonary antenes has resulted
seferons and m 2 reducnon m duastehie flow through the ductus, or even
azeversal of flow fn such cases the diagnosss can be made from history,

phue and electrocard t

phue Gadings, ar, of necessary, by
cadhcrerizanion of the right heart and pulmonary artery.

Whether the ductus should be closed by division of the vessel and
surure of the cut ends, or by simple dauble higanon 1 contmuty 15 still
2 matter of discussion Division and surure 1s probably a more cettain
method of ensuring permanent closure, but carnes a somewhat gher
misk Y 1 rare for 2 new channel to form when double higation 15 prop-
erly carried out, and the nsh of Sus procedure i competent hands 15
very shght In the preserice of fate comphicanons, however, the nsk 1s
much wnereased Assomated subacme endartenian, though cumable by
operauon alone, 15 vsually more safcly handied by control of the infee-
non Witk anubiote tresement, foflow ed by clasure of the ductus afrer
the panent has been restored to comparzuve health When myocardial

farlure or reversal of fow has supervened, the nisk 1s lugh, yer the
prognosis m such cases 1s wsually so poor that the atrempr must be made,
Thus 1t 1s aow generatly agreed thay operanon is ndicated 1n pracucall

all cases of pavent ductus atrenosus, Y

Coarctation of the aort2 1s the nexe anomaly to yiel o susgical correc-
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tion. It represents a relatively minor deviation from the normal patert
of involutian, and complete restirution to norrnat can usually be scoom
plished. Like persistent pateney of the ductus artetiosus s effects vary
with the seventy of the lesion. When the gorta is completely closedh
the resulung hypertension above the closure and decreasod abiby of
the circulanion below to meet sudden or heavy demands wilk become
appatent carly m life. Mild constricuons, on the other hand, may cuuse
no obvious symptoms, and often escape detection until Late complications
develop.

Here again the diagrosis 15 readily made if the condirion i3 suspected.
Increascd arterial peessare 1 the arm, contrasted \with absene pulse 0
diminushed pressure 1 the logs, 15 charactenstic, A syssoic murmir is
usually present, but st may be inconspicuous and 15 usually of hatle
diagnostic help. Charactenisuc notching of the nbs by the enlarged ané
cortuous wntercostal collatcrals 1s often seen on chest rocnggenograms
but 1s not always present, cspccm“y m children. Spccml diagﬂOSﬁC
techmiques are uswally not niceessary. Ball hog phic tracngs
show & characrerstic abnormality m the pulse wave patern and ar¢
useful not only m judging the severnity of dhe Tesion but also evaluaung
the effectivencss of operanve relief Retrograde anglograms not only
confirm the dagnosts but localize the leston and give an ndication of 1ts
cxtent.

The nisk of operation, mnvolving excision of the coarcted sepmment
and end-ro-cnd anastomosis of the zorta, 15 a real onc but 1 competent
hands 1t 15 steadily dininishing Afeer childhood, degenerative changes
i the vessel wall add ro rochmeal dsthiculues, mereasing the nsk. In
such cascs alternare procedures may be nccessary such as the use of the
entarged left subclavian or an aorric graft to brdge 2 g3p mcasares i
which the ulnmate eutcome 1s stll uncertan, although the immedizte
rosults are prommsing. There 15 some question as (o whether a coarcrations
eorsected early childhood, may recur due to falure of the anastomosts
o grow with the growing sona Expenmental cvidence now ndictes
that thus fear1s unfounded if CONUNLOUS SULUTES of ronabsorbable saterial

are avorded
As in the case of patent ducrus, 1t SCOMS probable that individuals

with coarcratton of the aorta, even when ¢here are no apparent Symp”
toms, suffer 2 subtle handicap «hich increases wath the years and often
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leads to premature death through complications in middle agc.‘Sm'ce ;hc
nsk of operation 1s not great in childhood, but lnsrx—{scs rapidly after
maruriry, it 15 To be hoped that the conditron will in the furure be
tecogmzed extly and operative correction carned out even 1 the absenee
of symptoms . .

Anovnalies of the aortic arch, 1 contrast to the previous abnormalities,
cannox be surgically restored toa normal anatommue pattern They occur
rarely, and many are of litle chintcal wterest since they cause no real
disturbance 10 circulanon When symptoms do oceur, it is usually be-
cause pressure or conseniction of other organs 15 cansed by the presence
of anomalous aneries. Varsanons are so great that it may almost be
said that no two stcuations are idenuical, yet certan patterns associated
with recognizable symptoms and signs are sufficiently frequent 1o
meric discussion, espectally since operative relief 15 often possible.

Doudle agrtic arch, a siaple persistence of a normal fetal stage, resules
from farlure of the nghr arch to nvolute betw cen the subelavian and the
pomt of juncrure of the two pnmve descending aortae. I this powt
remams sufficently distal to the arches, no symproms will resule, and
the condimon will be discovered unexpecredly ar sutopsy or operation,
It may also be recogmzed on roentgenograms. I, however, the arches
forn hagh, 2 nigid vasculat ring 15 formed about the trachea and esophagus
which meerferes more or Jesy seriously with breathing, swatlowing, or
both.

Usually svmptorms develop early in infancy. A more or less constanc
stdor, worse dunng upper respratory infecuons or with vigorous
breathung, 25 crying, should raise the quesuon. Cyamatic attacks
duning feeding are also common, due 1o the fact that the esophagus can
be distended anly by pushing forward the membranous portion of the
trachea O lly hageal ob: is also a problem,

espectally wich sohd thiculty throogh
angulated esophagus Y chrosgh he

The dragnosss can somenmes be made by recognition of compression
or angulation of the tracheal arr column on

Usually demonseration of the deformiry
15 outhned by

fea (§
foods which pass enly wich du

a fateral roentgenogram,
15 more apparent if the traches
. wdued o Sumbarly 2 barvam swallow will show charac-
:nmiffur\mrd angulauon and usually a lateral distortion of the esoph~

505, M necessacy, a more accurate demonstration of the exact pattern
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of the vessels can be obeained by retrograde angiography, but this is 1
procedure of some technical difficulry in 2 small infant and not without
risk if the pancent 1s tn poor condinon, as is often the case.

Other aortic arch anomalics may also result in a vascular ring around
the trachea and esophagus. Usually the primary distucbance is persistence
of the right sortic arch, wieh abnarmal involution of the left. The harter
may remain as a fibirous cord jeining a left innominate to the descendiog
aarta. In other cascs the higamentum arteriosum may complete the ning
by entering the descending aorta as it crosses behind the esophagus. The
ning so formed 15 looser than that duc to double arch becavse the pressure
wn the pulmonary artery is less and the vessel i consequence is softet.
Bur if the ductus remarns patent, aortic pressure 18 transtiered through
it to the pulmonary artery and real obstruction rosults.

Distortion of the esophagus 1s also caused by anomalics which do
not form a true vascular ring, and, occasionally, these arc of sufficient
degree to cause serious dysphagia. Sumple persistence of the righ aardc
arch with mvolution of the left, though 1t causes a characteristic shght
distortion of the esophagus, daes not by stself have any clinical sigmﬁ'
cance. The most frequent of these anomalies to cause symptoms is due
to mvoluton of the segment of nght arch beeween carotid and sub-
clavian with persistence of the segment from subclavian to the point of
aortie puncuon This resules i a long vessel ongmaang from the de
scending aorta, passing befund the esophagus, and endag as the right
subclavian. Another 15 duc to an abrupr crossing over behnd the csoph-
agus of a persistent nghe arch assoctated wath a normily placed de-
scending aorta. Variations i this group are the rule, and exact anatomical
diagnosis may not be possible before operation

In correcting the cffects of these anomahes the surgeon must be
guided by hnowledge of the embryologic possibulittes, and take cate @
release the trachea and csophagus by dividmg the ring in such 4 way
that no viral vessel 15 distuebed, In the case of a double arch the kft
arch can usually be cut between left carotrd and left subclavian, though
sometes 1t 5s more cxpedient to divide 1t below the subelavaan. lo s
necessary ro select carefully the arch to be divided since not xnfm;umdl'
it may be found that a coarctation cxists 1n one of them Fither sub-
clavian smay be sacificed. If the ring 1s due to a higamentum arenosum
or paten ductus, dression of ths structure will sutfice. Often the aper-
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rure can be widened by pulling the vessel which crosses the .k'rc‘:m of :\\Ic‘
trachea forward and atraching it to the sternum, but since this is usualty
the base of the left carond, it is dangerous 1o Tesect it. Indications for
operavion depend upon the severssy of the syrproms and early recogn-
won of the condition, before the infant’s condition has become critical
and ahile the risk 1s not fugh. Too often, hosever, the condimion 15 ot
appreciated wneil after mumerous episodes of preumoma have added
grealy to the nish. .

Aromshies of the pulmonary weasels ate rare lesions in which no 'i{“g‘c
pattern stands ot as a clinical syndrome. Pulmonary arteries arising
from the aorta o other systemic vessels have been desenbed in great
sanety Usually they are isalated anomalies associated with abnormal
lung lobes and do not cause physiologic duscurk of the i}
chough they may be assocsted with polmonary anomahies requnng
tesectton Qccasionatly, systetmc veins may enter the pulmonaty system,
especially 2 perssstent left vema cava, They usually cause lirle disturb-
ance VWhen they are found medentally in the cousse of operation for
other anomahies, they can be divided in most instances without hesitation

When one or more of the pulmonaty veins enters one of the venae
cavae of nght strum, hawever, the resultan overloading of the nght
heart may be serious unless there 1s a large mteratral sepral defecr,
Alchough theoretically an 1dea) correction would be a seimplantanion
of the anomalous vein mro the Jeft auncle, this 15 rarely feasible rech-
meally. Blalock has recommended creason of 1 large commumcarion
berseen the auricles for this sitvauer Konly a single vein 1s myolved,
temoval of the corresponding lobe, or even an entire fung, may be

Jstified

Intrasarduae amamalies as a group pose qure 2 different problem from
those of the grear vassels Ansing from arrests or abnonmabites ar an
eathier stage of fetal development, they also lest often aceur as wngle
testons T addwon, the necessity of marpulanng a sensitive and acnve
argan wathowt senonsly nrerfering w tch sts consrant funceon seill sharply
limuts the possibifwes of successful surgery

Scptst defects, especially those 15 dhe suncular seprum due 1o per-
sistent patency of the interarnal foramen, the effect of whch may ofien
ulomately be severe, scem to be the most lkely of the mtracardiae
Yesions of whe firsy group 10 be carrecrable. Much mercsung expen-



144 DISORDERS OF THE CIRCULATORY SYSTEA!

mental work is in progress, but as yet no method has been perfected
which has been accepted as elinically useful,

Pulmonary stenosts, a term broadly used for a variety of lesions
primarily of the second group, has been approached surgically with
more success. In general, these conditions have in common combinations
of anomalics which, on the one hand, restrict the flow of venous blood
from the nigh heare to the lungs, and, on the other, divert a greatcr o
Iess amount from the right heart mto the left and so into the arterial
trec As a result cyanosts 1s usually present.

Fure pulmonary stenosis may occur as 3 single lesion due to fusion
of the cusps of the pulmonary valve without any other anomaly. Such
Ppatients are not cyanotic at rest since all blood entering the right heart
chambers must feave through the narrowed pulmonary channel The
result is an enormous increase 1n work load of the night ventricle which
it meets by marked hypertrophy and development of 2 very high
ventricular pressure. Even so the right heare frequently is um‘{‘C fo
meet the demands of normal exertion with resultant dyspnea and rise In
venous pressure. The lacter, though distention of smaller venous chan-
nels, may produce transtent cyanosis of venous orgin, but arterial un-
saturation does not occur, and dyspnea s due to hypercapma rather than
to anoxia. .

More often, when the pulmonary valve cusps are fused, there I
from birth sufficent back pressure 1n the nghe atrram to hold the for-
amen ovale open, and to permate, especially duemng exertion, decompres-
ston of the right heart by shunting part of the venous return into the
left. Cyanosts of arterial unsaturanon thercfore resules. Although this
steuation 1s also termed “pure”” by Taussig in arder to disungussh it ﬁfom
the more complex forms of pulmonary stenosis, 1t 1s not a sigle lesion.

These two forms of “pure” pulmonary stenosis have much t common,
being distinguished clinieally only by the presence ot absence of arreria!
unsaturavon  Both result 1n foud harsh systolic murmurs n the pulmo-
nary region with absence of the sccond sound. Cardiac enlargement
vanies from almose none to very great m advanced cases, but evidence
of nght ventricular hypertrophy is always present an electrocardiogram
and uswally on roencgenographuc sithouette. The latter also frequently
del rates 3 delated pul y artery shadow at the basc of the
heart in contrast to dunuushed vascular markungs n che lung ficlds.
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Tns distingwsh this from the pulmonary stenoses of
2{::: :xi:;im ongi“:n which the atrerial shadow " usually small
ot bsent. Cathetenzanon shows an increased right ventricular pressure
in proporuon to the degree of stenosts, and a mu.ch damnped pressure
i the pulmonary artery 1f the catheter can Gnd its way through (h.!:
sslsular onfice. The “pucicy” of the anomaly is proved 4‘{ pressure is
taghes than thot 1 the systemic arteries and of saturanon in the outflow
tract 15 the same as m the atnom.

Bralliant results are now obtawable n pure pulmonary stenosis by
Brock's method of dividmg the fosed vabve and stretching it with sounds.
Tiws procedure daes not completely testore normal anatomy since the
valve 5 seill abnorral, as demonstrated by persistence of the murmur.
But that nearly normal valyular funcrion and pressure relantonships ean
be achieved 15 shown by postoperauve cathetenzanon srudies. Thus a
senoosly disabling anomaly 15 converted to one of munor consequence.
if a patent foramen ovale 1s also present, this anomaly 1s, of course,
not changed, bue the altered pressure relationships convert the flow
through 1t from predomunandy nght to left to the reverse, thus
ehmnaung cyanosis

Tie nsh of pulmomry valsuotomy mav be hugh if the panem is
close to nght heart fature Tn an eatly, well-compensared case the
operation 15 usually well borme in spite of the face that 1t mvolves
pasung 2 succession of wstruments through the right ventneular wall.
Tiws means that decision may be difficale 1 2 child without cardiac
enlargement or cyanoss and W whom the enly symptom 15 dyspnea
on cxernon.

Terdlegy of Fallot 1s a combined anomaly, incorporating elements
of all three groups Failure of the membranous interventnedlar septum
w0 close, 2 sumpte persistence of a normal ferat stage, 15 perhaps merely
2 secondary effect of the stenosis of pulmonary cutflaw teact wiuch is
osuafly 10 the infundibular poruion of the night ventricular wall, though

sumay be ar the valve a3 m pure pulmonary stenosis. Typeeally there 15
also 30 abnormatny of apmc origin such that 1t secms 1o arise partially
from both vemncles, straddling or ding” the lete ven-
meular seprum and recetving blood from both ventricles. '[rY\is “dex-
woposinon” or partial transposinion of the 2orta 15 2 anomaly of the
hard group, not normal a any stage of feral developmenr and possibly
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duc ro unequal division of the primitive truncus arteriosus, lts evtent
vaties greadly in different individuals,

The term tetralogy of Fallot is prsmarily a descriptive one, referring
to the four features which combine to form the syndrome; deveroposi-
tion of the aorta, pulmontc stenosis, ventricular sepeal defecr, and right
ventncular hypertrophy. Since it is not a truc entuy, its marnifestations
vary widely depending on which anomaly is preponderant. I sonic
transposition 15 preponderant and pulmonic stenosis 15 slight, there will
be deep and almost constant ¢yanosis duc to the case with which right
ventricular blood enters the aorea, rather chan the difficulty with which
it enters the pulmonary artery. The resule may be 2 siruation very
sumslar to Fisenmenger's syndrome, which differs anatomically only 1
the complete absence of pulinonary stenosis. Such 2 patient can fe
helped rearively little by operation.

On the other hand 1f the aorue overriding 15 shgh, the membranous
septal defect small, and the ebstruction to pulmonary flow the mijot
factor, the result will be similar to that seen n “pure” pulmonary steno-
sis. In bath sieuations cyanosis 1s almost absent at rest, but deepens dur-
ing exertion through “overflow”” from the nght beart into the Jeft. Tndeed
those patients 11 this group m which the ebstruction to pulmonary flow
15 due to valvular stenosis can bese be treated by the Brock procﬁim‘&
In the majority, however, stenosis 15 in the infundtbutar regron. Although
a dircet approach to suck a leston 1s berng mvestigared by Broch and by
Glaver, their results arc not yet sufficiently consistent to warrant goneral
use. Tn most cascs establishment of a shunt berween systemic and pul-
monary circulation, as demonstrated by Taussig and Blalock, gives
satisfactory and strihang rehef,

In making the diagnosis, tetralogy must be differentsated nog only from
the Lisenmenger syndrome and “pure” pulmonary stenosis but atso
from other anomalics causing cyanosis Most of these anomalies are of
very carly ongm, falhng in all three groups. Common ventricle, persists
ent reuncus, atresss of the pulmomry artery, Ebstem's syndrome, and
trausposition of the great vessels arc m this group, and more complet
combined anomalies are frequenr. A disnngmshing feature is the con-
stancy of the cyanosis m the latter group, as conteasted to the vanable
CYaNOSIS In MOSt Cases of tetralogy. The character of the murmurs 1s of
hitle help, but absence of murmur practically rules out tetralogy, In ad-
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drtion, heart size and contour on ToeRrgenagram at fluoroscopy is ‘:r
considerable imporzance, for the more priminive anomabies “‘“’“)'“‘S“C;
inlarge globular hearts, whereas \\?c heamt in tcm\:gy is rately :n arg
and often presents 3 characretistic “boo.(-shnpcd C?I\IO“"- Angiocat-
dilograms demonstrate that the tight ventricle erspues imo the aorea, but
this may veehr w other anomabies. On oceasion it may also demonstrare
the pone of mfundibular nasrowing. Cardiac catheterizanon 1s yery use~
fub when the diagnos:s 15 obscare, since from data so chirawed the difffer~
eace n flow bers een puimonary and systemiic circulation can be calew-
Jted This 15 of greae assistance m diseingushing remmalogy from
Eisenmener’s, compley, and exclading the presence of 2 compensaring
patent ducrus arrersosas Tt caanot differentiate atresia of the polmonaty
aresy, bowever Tn generaf, a8 Taussig fas emphasized, m the majonty
of cascs 1t 1s not Necessary 10 resort o the more compheated dragnastic
procedures, thovgh they may give a nseful measure of the seventy of the
abnormality and the chances of success m surgical wreatment

The Blalack-Taassig procedure consists 1n estabhshing a new channel
{rom 1 systetuic artery ino the pulmonary. The nghe subclaviea is
Blaloch's attery of choice, though other surgeons prefer the left, Porrs
has shown dhat 4 direct amastomosis between the 2ot and the lkeft
polmonary arcery 15 equally effective. A righe-sided aornc arch s present
25 20 accompanying snomaly 10 abour 20 pet cent of teeralogy cases, and
1 these the left subclavian 15 wsually readdly avmlable. On occasion
arher attenes may be used, and at nmes an end-to-vnd anastomosis miy
have to be resorted to, resulting i perfusion of ene lung by the pulmo-
mty a0d the other by 2 SYSteMIE arery

At present i 15 difficels 1o deny the benefits of 2 shunting procedure.
to any patient suffening from remralogy. Fhese benefits often converr a
cardiae imvakid neo a patient with only 2 aubd handieap Yot the resul
15 fac from 2 normat wirsanion, and it remas to be determmed how long
the benofies wall last Patients with teeealogy and @ COMPENSIBRG patent
é\]\j;nsk which 15 the comb of thac mspired the

“lOC procedure, may \ﬂulmzcly dmek:p mereaswng scleroms of the
Pomenary vessels which nulbifies the benefics of the shus and vlumarsly
proves faral. A diroee atack, upon the poms of obstraction 1 2 more

by sologie approach When dus pomnt is the pulmonary valve, 2 Beock
procedure 35 therefare peeferable,

yex even vnder these aircummstances,
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if there is much overriding, the cffect may be only to convert a tetralogy
into an Eisenmenger’s syndrome. A truly anatomical correction must
await perfecaon of techniques which will allow operations to be carried
out under dircet vision within the cardiac chambers.

Transposition of the great vessels 1s the only other anomuly which has
becn treated surgically with any success. This condition is incompatible
with posmatal life unless there is also another anomaly which permits
miving of the venous and artenal blood. Often in surviving infants this
opeming 15 in the auricular seprum and in some instances it may be rch-
tively small and incffective. Blalock has reasoned that these paticnts
should be helped by establishing a new and larger opening and has per-
fected a techmque for accomplishing this by creanng a window betwen
pulmonary vein and night auricle. He repores fair resules in children but
a high moreality in infans. This is a procedure admucredly still m the
experimental stage and a problem fraughe with many difficultics.

The challenge to perfect new methods to deal with the as yet uncor-
rectable anomalies 1s very great, for 1t has been proved that the heart ofa
child so afflicted can often be mantpulated without disaster 1f certain
essential requirements are met. Chief among these ts an adequate con-
tinuous oxygen supply to the myocarduns. The body must also receive
a constant adequate circulation of oxygenated blood, and must at the
same time rid teself of excess carbon diovide. Thus skillful anesthesia is
of utmost importance. It is known that healing of sutured blood vesscls
or myocardium is rapid and that new endothelium grows quickly over
suture lines ot grafts or nomrritating foreign marerial provided the flow
of blood over them 1s smooth and swaft, Hemorrhage can et successfully
counterbalanced by adequate eransfusion, 1f necessary given eapidly into
penipheral arteries. But the crrculation cannot be stopped even for a few
minutes, and this fact at presene lmies intracardnac surgery to blind
procedures carried out within the channcls of the flowing blood sgream.

This challenge has been aceepted in numerous laboratories. AMuch
work has been devoted to developing methods for temporanly carrying
on crecutation with mechamical devices outside the bady wath or without
providing fot gascous cxchange. Although 1t 1s possiblc to substirute 2
mechanteal devicee for one side of the hearr only, relying on the patient’s
own lungs for vennlation, such a device would have hitele uscfulness in
making possible operations to closc openings berween auricles or
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ventricles The workers, especially Gibbon, who have succecded in
‘mechanically maintaining both circufation and respiration in animals are
approaching a more practical solution. If this could be found, 2 new cra
of truly tracardiac surgery would begin, and many of the anomabies
now beyond reach of the surgeon might come within his control. At
present he can work only peripherally or blindly, bur even within these
limes he has added greatly to hus understanding of the pathological
physiology of the circulanon, while at the same time restoring many
patents heading for eatly death to comparative or complete health,
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THE ELECTROCARDIOGRAPHIC EFFECTS
OF MYOCARDIAL AND PERICARDIAL
INJURY *

Charles E. Kossinaunt

YT 1S PROBABLE that {the string galvanomerer] will give information
of much value where the action of the heart, as a whole, is pctfcc:ly
regular, and where the conrraction, origmatng at the normal site of 1~
pulse formanon, namely the smo-auricular node, progresses at normal
rates through the heart and along definite and recogruzed channels.”

This prophccy, from a paper by Lewss and Galder (1), was made in
1912 afier the authors concluded that the “new chapter n chnical medi-
cine” which resulted from the use of the mstrument m “deciphenng”
irregulaninies of the ventricles and disorders *in the sequence of con-
traction an its chambers” was rapidly closing.

The propheey has been amply bormn out in the four decades simee ¥
was made Lewis had in mind the modsfications in the clectrocardiogram
which he recogmized to occor with hypertrophy. He hived long enough
to see the string galvanometer give much more valuable wformaron
than hus carhest observations made bim suspect 11 would

A great many mvesugations have contnbured to the present-day
understanding of the alterations i the electrical behavior of the myo-
cardiam which are reflected n recogmzable modificanons of the electro-
cardiogram The most significant of these have been the studies, almost
exclusively by F N Wilson and tis school {23, on the laws governing
¢the behavior of an elecrromonve force m a volume conductor The results

* Presented October 13, 1953, at the 24th Graduate Formght of The New
York Academy of Medicine,

+ From the Department of Medicine, New York Unsversity College of Medi-
cine, the Adult Carduae Clte, Third (N. Y U') Medical Division, Bellevue
Hospieal, and the Cardiovasenlar Seevice and Chme, Lenoy Hilt Hmp:tll, N Y

Ongnal muestigations quoted were asded by grenes fromy the New York
Heant Associanion and the Knapp Foundaton.
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of these origmal stadies have been modificd onty slightdy by subfequm:
1nvesngaions, Only a fow problems semam o be solved in this arca.
¥ she ;'car 1912 was regarded as the end of the era of the arrhythmias,
the mid-tw enneth century may be regarded as the nme » hen the chaprer
on the effects of the body regarded as a volume conductor may be con-
sidered to be comung to a close.

A discermble third peniod, already well along, and dcmncji almost
cerrainly to have chmeal repes is d with the
study of the saurce of che electeamotive {orce iself, namely, the myo-
cardual cell Because an understanding of the electneal behavior of the
cellrs fund 1 vo an und ding of the electrocardiographic effects

of myocardial and pericardial injury seen climcally, a résumé of perti-
nent faces will be gven.

The Cell

To begin with 1t 15 customary to accepr Bernstein's membrane theory
(3), proof of which, with some modificanons from the enginal, 15 con-
vinemg The theory states that the resting cell possesses a membrance
which 15 semipermieable to tons These are onented 1n such a way thar
the outsnde of the sesung -elt 15 electncally poswive and the inde nega-
uve with feference to gro 1 potential.

The difference in potential across the membrane has been measured
10 the squid giant axon (4, 5), and 1n the sarrorius muscle (6, 7) and the
myocardial cell of the frog (8) In these ussues it averages 45 to 88 mv.
Tr s called the “resting membrane potential”

When the cell wndergoes sumalation, naturat or arificia), depolariza-
tton of the membrane occurs presurmably due to 2 change 10 permesbithty
¥ 1008 or other charged paricles The origal patenual not onfy dis-
appears but reverses shighely (about 30 per cent) so chat the membrane
porental is temporanly opposite in polansty, bur 1 less degree, to the
resting seate. Tt vs very probatie thar his “overshoor,” as 1t is called, 18
comparable to the ghenomenon of the same mame known to oceur in
electrical condensers, and may be due roinductanes (4) wiha temporary
realignment of electrons on the membrane, the reverse of what 13 found
m the resting state

Faollow sng the rapd depolanizanon there 15 5 graduaf restoration of the
ongival membrane porental wich “arying speeds as shown in the varying
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THE ELECTROCARDIOGRAPHIC EFFECTS
OF MYOCARDIAL AND PERICARDIAL
INJURY*

Charles E. Kossmann t

(T 1S PROBABLE that {the string galvanometer] will giveinformation
of much value where the action of the heatt, as a whole, 15 perfectly
regular, and where the contraction, originating at the normal sitc of im-
pulse formation, namely the smo-aurscular node, progresses at normal
rates through the heart and along definite and recognized channels "

This prophecey, from a paper by Lewss and Gilder (1), was made in
1912 after the authors concluded that the “new chapter i clinical medi-
cine” which resulted from the use of the mstrument in “deciphering”
irregularities of the ventnicles and disorders “in the sequence of con-
teacrson in its chambers™ was rapidly closig.

The prophecy has been amply born out in the four decades since it
was made Lewss had in mund the modifications in the electrocardiogram
which he recognized to occur wich hypertraphy He hved long enosgh
to see the stnng galvanomerer give much more valuable wformation
than hus earlicst observations made him suspect 3¢ would,

A great many invesugations have contributed fo the present-day
understanding of the alterations 1n the clectrical behavior of the myo-
cardium which are reflecred m recognizable modifications of the electro-

fiog The most sig of these have been the studies, almost
exclusively by F. N Wilson and tus school (2), on the lans governing
the behavior of an electromottve foree m a volume conductor. The results

» Presented Qctober 18, 1954, ar the 24th Graduate Fortrughe of The New
Yotk Academy of Medicine,

4 From the Department of Medicine, New York Unuersity Callege of Med
cine, the Adult Cardise Cluaue, Thied (N. Y, Uy Medical Division, Believuc
Hospital, and the Cardwrvascular Strvice and Clinue, Lenox Huil Hospreal, N Y
Original wvesugations quoted were awded by prams from the New Yock
Heart Assogiation and the Knapp Foundauon.

36
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of the negative intracellular potential as the dectrode is withdeawn from
the cell, after which it 15 close to the surface of the heart and records 2
stmall ventricalar complex (QRS) ot “aqdat current” {10, ~l ). Pan C
shows a slower slope to repofatization and 2 drop of potential below ats
onginal Wadar level or “hyperpalarization.” :

Tt 1s noteworthy, for its chmeal interesr, that remperature has lietle
effect on the volrage of the membrane action porential but the rate of
depolanzanon s quite sensiuve 1o this vanabie, being longer the lawer
the remperarare {8, 12).

From these temarhs 1t is elear that the action patenaal of the cell may
be, if desired, dwided 1aro at least five phases: 1) depolanzation, also
clled excitanon, accession, ar inwasion, which represears a period of
inereasing actvey of the cell, 2) overshoot, which 1s probably 2 con-
densation phenomenon on the membrane; 3) complere actinty or pos-
stssion panly cbscored m direet cellalar experiments by the gradual
“leatang off” of the overshoor, 4) repolarization, also called recovery,
regression, of retreat, which represents a period of decreasing actvity
of the celly §) hyperpotarizanon, The overshoot 2nd the hyperpolanza-
ton may not be essental parts of the electncal process. In any case they
may, for didactic purposes, be disregarded temporantly and the electneal

actwvicy of the cell defined as 2 tnpartre one, consisting of accession,
Ppassession, snd regression (13},

The Conducnng Medium

The relatvely smple monophasic curve obtaned during the study of
the membrane action potentral af a cell 1s altered when the electrode wsed
%o vecord 1t s moved to the evrertor of the cefl, and 15 separated from tc
by pare of the physiologeal conducting mediam Analysis of the effects
a1 possibie beeause the accession process ot peniod of increasing acurvity
of the cell behaves a3 though 1t were z Spole or double electnic fayer
wich the posiave pole or nide facing the direction of exeration of the
muscle Ths resules from the face that with actviry, as already shown,

the polariey of the eell membrane decreases Another way of saying xhi;
s shat the densaty of charges on 1t is decreased. The sestng muscle jost
2head of the active muscle, bewnig, wore densely polanzed, behaves as
thaugh 1t were positne clectneally with respect to the a:;u‘c THen.

The regressian process or peniod of decreasing activity ray be r‘;:m-ded.
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stopes of the recovery curve. Somenimes there is at the end of recovery
a stightly greater negative potential than before. This is temporary and
is spoken of as “hyperpolarization” (9).

These collective phenomena, known as the “membrane action poten-

————RE L
Figure 20 Acnion potentials of single carduc ventnevlar fibers (MP, Resting
membrane porenual, OS, Overshoot, HP, Hypcrpuhnznuon ) All measure-
ments made from bottom of stng shadow Ordinates—mlin olts, abscissac—
eme. Vertical hines 0.1 second apart.

A. Action potenual of single ventricular fiber Arrow mudicates start of with-
drawal of electrode from cell ro show rerurn of string to zero value and presence
of small sutface clectrocardtogram (QRS).

C. Actton potential of Jonger duration.

(Woodbury, L. A., Woodbury, ] W, and Heche, H H  “Membrane resung
and action potentials of single cardue muscle fibers” Crrcudation, 1:264-66,
1950.)

tial” are shown as they occur n the myocardial cell of a frog m Figure
20 taken from the paper by Woodbury, Woodbury, and Hecht (9)-
Part A of dus figure shows 2 membrane potentsal 1 the myocardial cell
of a frog of 70 mv. As cxeitation proceeds over the cell there 1s an over-
oot of 30 mv with a gradual return to the onginal large negative po-
tential as the repolarization proceeds slowly at first, more rapidly toward
the end of syssole. This part of the figure also shows the disappearance
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agrams in Figure 21 From the upper formula and duagram, it 1s clear
‘::; the pmem%a\ (or size of the deflection in the ﬁms.hcd rccor:) will \I:c
Targer the closer the dipole 15 1o the pomnt of recording (the shorter (‘:
dseance, RY. Also an elementary know ledge of tngonometry w il make
1t obvious that s the angle & approaches © degrecs, the effect on the
electrode, E, 1 the conducting medrm will be maximum and posinve.
Ax 180° 1t with be mavimum and negative. In the lower part of the figure,
the effect of the charged membrane or double electric layer on electrode
£ will be greater as the area of the membrane 18 larger, and the distance
berw cen it and the electrode 1s smatler. These rwo vanables are measuted
by the angle @ which 15 2 solid angle subtended on a sphere of unit
radius drawn abowt the pomt (E m figure) m the conducting mediom
bang sudicd The value, 9, 1s determined by the number and the
wagratude of the charges on the membrane
The dipole or the double electric layer may be represented by a vector
with an aus parallel to the aws of the dipole, or normal to the surface
of the charged membrane Y Jengdh 15 made propornonal 1o the size of
the electromative force involved
Widh excher of these methods of analysts, then, the simple intracellular
monophasic curve 1s converted mro a more compheated extracellular,
quadriphasic curve, as shown i Figure 21, shere accession and regres-
sion are regarded as dipales (upper figure) or double clectric Jayers
(lower figure) The asymumcery of the accession deflections (QRS) and
the tegression deflections (ST and T) as shown i the figure 15 aneib-
utable to the specal circamstance thar the electrode 1 this mstance 15
placed at the distal end of the strip These two sets of deflections would
b symmetnical 1f the lead was made from the mddle of the stap (13).
In a fead from the medium surrounding the solated steip of musele the
processes of accession and of tegression are equvalent Alchough the
Yatter protess tahes onger, the voltages involved are less, and the product
of the two (e ¢ voltage) 15 1dentical with, though opposite m nign,
to a sinular product for accession. This 15 the same as saying that the
area of QRS 15 equal to the area of the T wave, and that the sum of the
o5 zero In the electrocardiogram of the normal human ventnicle the
2123 0f QRST 5 Aot equat 1o zero because ce
which delay the reg

rtam vanables are operative
muscle (14),

fRSS10n process i vanous regions of the venrricalar
more partiedlarly the subendocardia) regions (15) These
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simataly but with the pofarity reversed since the active muscle procedes
the resting muscle. Under such circumstances, provided the medim i
homogencous (2), the effeers of the dpole ot double elecrric layer on an
clectrode or pomt in the medinm may be analyzed by the formulas and

cos &
Veu S

Bt
Ty
1)
A

—

veow

Figare 21 Methods of analyzing the eficet of the membrane acyon patenuil
on a wpolar kead 1 a homogencons conducting medinm

The celt s shown diagrammancally twice, with the source of clectrieal
encepy i depolarization (AB} and repolarszanion (G0} belng rcgardcd as @
dipole 1 the upper figure, and as a charged surface or lamaz (double clectnc
fayer) w the Jower fgure In the former the potential of the clectrode, 11
defined by the opper formuls i which 55 o canstant which depends on the
distance between the dipales and the quaney of charge they carry. R b the
distanee from the center of the dipole to the electrode Iy and 6 n the angle be-
tween R and the positne side of the awv In ehe lneer the porcanal, ¥, of she
lectrode, I, 15 defined by the lower formula i which ¢ 15 a value which de-
pends on the density of the charges on the membrane and @ 1 2 sohd angle
subrended on 3 sphere of uns sadws abour ¥, Polanty of the clectrode s de-
termimned by the sude of the charged membrane scen by an observer vianosed
at E,
On the wpper cell 15 drawn the membrane scuon potend as recorded m
Tigure 20, with the onussion of the avenhoot and the negame after-potentnal
(hyperpol 3. The disg clectragram an che right is the record
braimed by the el de an the d g modium as a result of the changes
s the electricat ficld of the meduim brought about by the membrane action pa-
wntal, The incquatrty of the posmne and pegasre phases of thy quadnphasc
cune s asenbed to the specil ewrcumntance of the recording clectrode bang

2t the cnd of the cell opposite the pont of stmulation
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seface of thar chambet, An nitial neganve potz{mia\ I:c;u\m “::;:
‘ i lead from either or

fests wself 2s @ Q wave 1n the unipolar | o
::cﬁncs ot m the bipolar leads (1, 11, 111 10 \\!uch these extremuties
;re used The prmciples also apply to the yrccordm\ Yeads {17, 18, f\9})1 .

The lesser degrees of myury are more complex, and knowledge of the
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Figure 22 Some of the theoreneal types of smpury which may moddy the
electncal behavior of the ool The equitalent effect is shown 25 the effect of a
sunple charged membrane o lamina on » pot, P, m 2 surreunding conducning
medium according 1o the formala V' = éw {see Figure 21 and teve). The electro-
grams display the phase in which the effect wall be manmfest, and s mature, E,

clectrade, S, sumulator, 1, mjury curfenc; —1, compensatng current, D, de-
mascanion eurrent; H. hvperpotarization

tempt can be made to classify what 15 known with the foll realization
that some of 1t 15 tencative depending on further i ig

o sddion to the type of injury which modifies QRS, there are ar
Yeasc six addwonal rypes which ate reflected electrocardiographucally n
abnormalinies of the ST segment, the T wave, and perhaps the U wave.
n dhiscussing these, reference to the changes ina single cell will be made
for the sake of simphesty. It 18 clear, how ever, that the discussion also
applics to any apgrepate of cells

The best understood of these wnjunes 15 one which results in parual or
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differences 1n duration of the excited state are accurately measured by
the area of QRST which, when reduced to a quadrential vector, indicarcs
the drection and magnicude of these differences. Tes direction is from an
area where recovery is longest to an area where it is shortest. It is hnown
as the venercular gradient.

Specific Electrical Effects of Injury

Tn any discusston of the effects of myocardral and pencardial injury
on the clectrocardiogram, there is one explanation which must be made
ar the outsce, namely the definition of the word *mjucy.” The term, a3
applied to the myocardium, is used loosely, and a concept of its meaning
will depend largely on whether one is a chnician, pathologist, embryal-
agist, or microbiologist. For the purposes of thus discussion, injury may
be regarded as any process which cither completcly abohshes or only
modifics, singly or in combination, the rate, course, or extent of the
cellular processes of depolarizatton and repolarization.

Preliminary to this discussion, too, 1 15 desirable ta note that the total
electrscal effect of a resting cell on a point m g surrounding medium is
zero (Figure 22A) beeause this “double Layer,” betng completely closed,
has no boundaries The sohd angle subtended by 1t on a powe m the
surrounding medtum is really the sum of two idenuical solid angles sub-
tended by the same mmaginary boundary but of opposite sign. The sum
of these and the potential of all pomts i the medum arc obviously
zero (2, 16, 17).

Having some knowledge of whar happens in the normat cell dusing
electrical activity, the problem to be considered logically is how does
injury, as defined, madify these processes.

The answer appears to depend largely on the degree of npury. The
castest degree to understand 15 the wjury which results m campletc
functional and usually anatorre destruction of the cell. Such a ccll no
fonger contributes an electromotive force of any hind. lts absence 18
reflected m the chmeal electrocardiogram by changes in the intal vens
tricular deflections, QRS, since the dead cells no jonger contribute to the
mean mamfest potenaal of ventricular depolarizanon which these de-
flections reflect. Smce clnical death of myocardium s frequently exten-
sive, the absence of the cells esults in cither the left arm or Teft leg
Ueconung m effect a total ar pacual seinudirect lead from the cavity of
the left ventricle, where normally they were seandirect leads from the



MYOCARDIAL AND PERICARDIAL INJURY 157

surface of that chamber, An iniual negative potental results which
mamfests wself as 2 Q wave in the unipolar fead from aither or both
euremties of 1 the bipolar leads (1, 11, 111} in which these extremities
are used. The principles also apply to the precordial leads (17, 18, 19).

The fesser degrees of injury are more complet, and knowledge of the
basic ekectrophysiology concerned is sull wncomplete. However, an at-
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Figure 22, Some of ehe theoren

cal f injury v 3
el behior of eh cell The equvateoe et 1 shosn g ¢

¢ equiwalent effect is shown as the effect of 2
;‘:‘g: “:h::r’:gccix membrane or lamina on 2 poine, P, ;2 surrounding conducting
s g ing £0 the formul V= 9w (see Figure 21 and test) The electme:
;kﬂmd 5p§) the phase m which the effect will be mamfest, and irs nature L,

. S, stmulator, 1, mpury current, —1, compensaung current, D, de.

mary
Faton cutrent, H, hyperpolanzanon,

“::p: 0:11 b; made to classify what 15 known with the full realization
o :ddc of it 1s renranive dependmg on furcher mvestigations,

i, x!;:n‘m the type of mjurv which modifies QRS,

" acdiional eypes which are reflected electrocardiog,
Momalinies of the ST segment, the T wave
In dxstussmg these, reference 1o the changes

for the sale of smy
ety
s . wmplictty. Te s clear,

Ten aggregate of cells.
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understood of these injuries 15 one which resules ;n partia or
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.+ and perhaps the U wave
1 a single cell will be made
however, that the discussion also
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complete depolarization of a part of the cell. The resting membrane
potenial in the injured area is of Jesser magnitude, and hence this injured
part is electrically negative w ith respect to uninjured pants (Figuse 228).
During diastole a current flows from the uninjured to the injured region
known as the current of injury (1), The elecerical effect is cquivalent to
1 double clectric layer with the negative side toward the injured region
(2). Since st is assumed to be constant, and may, for purposes of discus-
stont be regarded as balanced by a compensating curreat from the gab
vanometric circuit (-1 m Figure 22B), the cutrent mvolved causes o
discermble deflection of the galvanomernic recorder during diastale, But
if the entire cell should be abruptly depolarized by normal activity, the
recorder will deflect during systole to a degree proportional to the
magnutude of the ongmnat current of inyury, and t a direcrion derermned
by the location of the electrode with respect to the myured and sninjured
segrons. The S-T segmene will be displaced (Figure 22B) noc by the
ongimal current of injury (designared 1) but rather by an equivalent
double layer oriented m the reverse way, called —1 (20). If the ev-
ploring clectrode is nearer the mjured than the umnjured side of the el
as shoun m the figare, the duplacement of the S-T segment will be
upward or positive and roward the orginal basclinc before the current of
mury displaced 1t

Theoretieally, and chnical evidence of several hinds suppores (¢, 2 de-
gree of injury may exist m which the restng cell show s no abnormahey,
bur depolarization of it may not be complete (Figure 22C). The wave of
excitation may be regarded as bemg blocked at the myured site and
acting there as a standing wave or mterface with s posiive surface
toward the mured region. As wath the current of myury, the S-T seg-
ment will be elevated when the clectrode 15 on the posimve side of 15
but tn1 this mstance a new cutrent, D, dependent on the eustence of 2
demarcauon potential,* is flowing during systofe rather than abolished.
1t can be represented as a change of the baschine to a new posttve Jevel
if the explorng clectrode bears the same relation ro the cell as m the

* The term, demarcation {mmr\!ul. 1s used by the newrophysiofomise (21} ©
deseribe the difference i tlectrical energy which resufts from diferences @
electrical propertics of adjacent segments ©f nerve, and n shis sense wcludes
injury potentials, For the purpose of this g potean
and mjury pmcmi:ls, and the currents & hich result from them, are regacded a5
differing from each other in the manner depicted m Figure 218, Cand D
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previous example, To be noted is that the equiatent fl:c(rlsﬂl effect ;s
the same as if 2 cutrent of ijury were assumed to exist during diastole
(Figure 22B and ). It is this mechanism which is s“spt‘:c(cd o!: bawng
responsible for the displacerent of the ST sepment .\\h\d’\ oy Octul:
spattaneousty or following effort or mduced hypoxemia i patients wit
anginal syndrome. Tt1s also believed to be the mechamsm invelved when
pressure 15 made on the endocardum with the cardie catheter. .

A fourth type of nyury 1s theorencally possible (Figure 20). leis a
combinanon of the second and third types. The cquivalent effect is
simalar to, but farger than, the equivalent effect of exther of the previons
o types ndindually . In chucal nfarenion it 1s very probable that this
combination 15 myolved.

The fifth type of mjury has been seen during the use of the electrode
adheter. Tt consists of a large long negatve potential occurnag n
dustole, and at 2 nme when a U wave, 1f preser, would sppear Yo is
suggested that this phenomenon is cavsed by hyperpolarizanion such as
seen m some of the expenments on the cell The probable cleerneal
sutuacion 15 shown schemanically i Figure 22T,

A sruth type of wnjury which s difficult to iiiustrate dagrammancally

1 of connderable chmeal ngmficance and has been asenbed to ischerma
{20) 1ess a degree of inpury which does not result in subnormal repolan-
2anion or depolanization but rather in a delay m the rate of repolanzanon
sn some part of the eefl {or 1 some parr of the heart) This difference in
the daration rather than magmtude of the ctaited state resuls m an
abrormal fimal deflection or T wave. This “gradient” m the rate of
fecovery v aceurately defined, as noted above, by the vectonal sum of
the mean vectors representng depolanzanon and repolanzaunn la the
climieal elecrracardiogram it 15 determined from the ares of QRS and T.
o Bxowhoven's trangle (fronvat planc of the body) 1ts direction 15 usually
such as to make an angle with the honzonral {angle a) of 0° ta 90° and
fts meon lengrh 15 approumarely 50 mucrovolt seconds {uvs).

Climeal Considerarions of Myocardral Injury
Because of the hnuted defimnon of mjury made earhier, no discussion
will be ‘mqldwied of such electrocardographic mamfestations of ngury
s atmal and vemrnicalar dyschythm d v
—— ‘ysrirythouas, and atrioventnicufar and wmtra-
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From what has been presented thus far it must be clear that the
knowledge now possessed regarding the individual ccll is apphcable with
only slight modification ro an aggregate of cells or the heart as a whole,

In the atria. The atria differ from the ventricles in that no specialized
conduction system is believed to exsst for them. This makes the problem
casier in that the atrial muscle may be segarded as a large syncytiom
over which excitation and recovery pass in a radial manner from the
pacemaker, the simoatrsal node,

It has been shown experimentally thar the accession and regression
processes behave as though they were dipoles or double clectric Liyers
proceeding across the muscle. If the wave of accession behaves as 3
dipole wich the posieive pole 1n the direction of movement, and the wave
of regression behaves as 2 dipole with the negaive pole m rhe direction
of mavement, then 2 quadriphasic curve would be expected, as nored
earlier, when an clectrode 1s placed directly on or close to the endocandisl
or epteardial surface of the atrwm. In order ro free the curve of the
electrical effects of the normally scquenual ventricular deflections,
efforts to demonstrate this should be made preferably i a heart display-
mg 2 long atroventricular conducrion time or even complete atrioven-
tricular block A record from the atrium of a paenc with the luter
defect in conduction was made (Figure 23) The rapud winal accession
deflections are casily recognized as betng diphaste, with the firse phase
(a1) positsve and the second (as) negative, The regression deflections
are smaller but longer wich the first (r) negative and the second {ra)
posteive. The pertod of possession (ax to n) 1s very brief.

The panient had arteriosclerone and theumane heare disease, and at
necropsy the right atrrum was abnormally large The atrial clectrogram
cannot, therefore, be accepred as a norrual but i does demonstrate the
bassc elecerophystology imwolved which ageees, wich the eveeption of the
U wave, w1th the experimental findings i the frog's anum made by
Macleod (13} The U wave, posirve n thus instance, may be on the bass
of wducrance m the nonexcitable endocardium brought about by the
traihing edge of the wave of regression.

When the electrode makes pressure on the endocardial surface of the
atrium, the curve becomes distorted 1n a charactenstic way (Figures ol
and 25). The juncoon berween the el and final atrial deflections
(S-T, junction or jp) mvanably becomes clevated, and the 1unal de-
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Tigure 23, An enlarged electrogram
(Van, upper record) made from the
inrenar of the nght atnum simul-
Tancous with lead ¥ {1, lower record)
in a panent with complete atrio-
ventricular block The lower record
is somew hat distorted by “hum” but
the relatn ely simples notched P wave
(P) can be seen, Trs acrual complex
structure at 1ts source can be seen in
the upper record i which five df-
ferent deflections are recogmizable.
“The waves 3, and 3, are the accession
deflections (Macleod); the latrer 1
barely visible. The waves &, and 1,
ate the regression deflecnions which
2re of reverse dircenion, longer dura-
tion, and lower amplicude than a, and
2 The slow terminal posinve wave
1abeled U 15 of unhnown origin The
rapid change from 3, to 2, Which
was so fapid 1t was not photo-
graphed, s the “mermsic deficction”
Shich dehineates the persod of in-
creasmg actiry of the ecll (depolac-
1zanon or rapd disappearance of the
membrane potential, Figures 20 and
21, AB) The slower change from 1,
to'r, delineates the period of decreas-
ing actnicy of the cell (rg lanza-
tion o slaw restoration of the mem-
brane potential, Tigures 20 and 21,
D)

Time Ines occur every 02 second
The figrures, 0 35N and 09N, mdicate
the sensmaiy of the respecine
scrings when the records were made
(Kossmann, C E “The interpreta-
non of umpolar peecordil electro-

cardiograms,” Al Clim North Amer-

1ca, 34 83355, 1950)

flecuions (QRSp) may be modified usually by a reduction in the size or

obliteration of the S, wave, The duration of recover
. y (J-T, rerval
appears to be lengthened All of the pt ; ,

promptly when
the clectrode exther spontaneously or by designno 1:>nger makes pressuce

on

: ﬂxhc endocardium  The modifications of the iual and final atnal
ef .

‘ e:;mns may be encountered in exther atnum They have been ob-
erved when the catheter was in the coronary sinus or ene of its venous
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tributaries, and have been seen intermittently with atrial Aurer (Figure
26).

The phenomenon 15 attributed to 2 block of the wave of depolarizaton
at the clectrode so that the latter is electrically positive during systole.

Figure 24, Right atnal electrograms (Vra,
and V&a,) recorded from adjacent ponts
1n the right atrium of a normal man simul-
tancously with lead Il (II) The second dif-
fers from the first by the presence of a
contact or demarcatron potential mani-
fested by an elevation of the S-T segment
which extends through and displaces the
imtial ventricular deflectrons, QRS, but has

no effect on standard lead 1L
The figures, 045 and 048, mdicate the
time in seconds between the beginning of
f

The situation is thought to be
comparable to what is shown
diagrammarically mn Figuee
22C, with the probablc addi-
tion (not shown) of a slower
rate of repolarization. The
electromotive force generated
under such conditions is
sharply localized to the explor-
ing clectrode itself and does
no affect the ST, segment of
a simultaneous standard lead
or precordral lead made over
the mcracardrac clectrode. Iris
doubtful thar a current of m-
Jury exists during dustole
(Figurc 22B) because the force
under consderation, which
may be regarded as ansing
from a demarcation potendal
or pressure potential, promptly
d s when | on

the P wave in lead IT and the b o
the mennsic deflection in the electrograms
The figures, 06N and 05N, indicare the
fraction of normal seasiaviey of the suring
galvanometer used when the records were
made Time hines, 02 second.

tion caused by actual depolatization of part of the ccll or some of
aggregate of cells. It disappears gradually over a period of ume as

pp
the endocardium 15 released-

This 1s 1n contrast to the i
jury current which is aseribed
to a more scrious degrec 0

impairment of electrical fune-
the

the

injured cells cicher undergo necrosis or recover.
There appears to be no spontaneous chmical counterpart of the atnal

demarcat
put

enuals, theoreucally at least, can cust with infarction of the atr

on current as observed with the catheter. However, mjury

m
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or involvement of it by inflammatory ot neoplastic discase. \\'\\{:thf:r ,lhne&
PR segment, measored from the end of the P wave o the bcg\m\ut‘,

\‘tnlric:\;hr QRS. 1s elevated or epressed as a result of S\y.c\\ \‘:\)ur)‘ (P:;
wentials will depend on the orientation ofthe c\cﬂrf)des wsed in x‘ 3 s“(:o -
fead with respect to the cquivalent double c‘\cctrfc Tayer resul nn‘% o
the injury (Figure 22B). It must be hept in t.nmd, 100, \h"\.\l R c‘ -
segment will be displaced by such facrors as digitahis and rach) cardia bY

Figute 25 Lefe atrual electrograms Viaa end Vea.) recorded (rom adjacent
points i the left ammum of 2 muan with an atrial sepral defect sumtlaneously with
Tead 1 Record B shows the distornon caused by contact of the elecrrode with
e endocanbum Numbers and ume bimes are 25w Figure 29,

wirtue of therr effect on the regression process in the atria. Theoretcally
the B wase itself may be modified in form f destraction of atnal mus-
cubature 1§ ¢Xtensive

The mtidence of imfarcoion in the atna s higher thant most pachological
data wdheate. Inthe senes studied by Cushman, Feil, and their assocuates
(22) there were 33 mstances (17.0 per cenr) of arnal sfarction among
182 cases of myocardusl wharchon The great majority (21 cases) were
1n the nughe auncelss appendage and were accompanied by mura) throm-
bosisas well Although the majonty displayed abronmatimes of the arrial
mechanism, only five displayed depression of the P-Q segment. Other
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reports of alterations both in P wave and P-Q segment have been made,
and onc experimental study of the effects of alcohol-induced necrosis (23)
suggests that the P-Q segment may be clevated in lead T with left atrial
injury, and clevated in leads 11 and I with righe atrial injury, both

Figure 26, Atrial flutter with intermittent demarcation potential, The recard
182 one A double cl Je catheter was used. Fach electrode was
1 mm in lengrh, and the distal ends of the two were scparated by a dntance o
3 em. The electrogram from the proxtmal clectrode (Vra,p) shows no dnsm'h
tion of the S-T scgment, although there 1s some vamanon 1 the meial atrial
deflections probably caused by of tle cl de The electrog
from the distal electrode (VRa,p) shows a spontancous accurrence of diplice-
ment of this sgment toward the end of the upper strip and 2 spontancous dis-
appearance at the end of the lower The x marks points at which a standardizing
current was passed through the strng. Ventricular deflections may be recog-
nized 35 occurning 1n 2 ratio of 1 4 to the P waves. The patient was recanvmng
quxmdinc and digiealis Tume hines, 02 sccond.

accompanted as well by a change in amplitude and form of the P wave.
Clinical confirmation of this finding has not been forthcoming.

With neoplastic invalvement of the atria (24) disturbinces of thythm
seem to be more common than abnormalities of the immal or final atrual
deflections.

In summary, it may be stated that experimental and chnical studies of
the clectrical behavior of the atral myocardium have been most valuable
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in elaborating and crystalhizing the presert stte of hnowledge concern-
1ng the normal and sbnormal electrophysiology of the ht:n:t. The practi-
el use of thus talormation as apphed to the atria has been l‘lmucd because
of the relative infreqy of d ically mmp disease of these
chambers, and the d of thythmic disturh rather than
electrocardiographic abnarmalities resulting l'm'm a change n the extent,
fate. ot conrse of depolanzanon or Teptianzation. .
[nthenentrickes As i the night actium, demarcation potentials may be

Figure 27 Endocardsal potentials of the nght ventncle m a pavent with night
bundle branch block The double tlectrode catheter was used with electrodes
Femapare The first record (Vavin) recorded from the distal electrode simui-
tancously with lead 1 (1) shows elevation of the 5-T segment. The record from
the proumal tiectrode (Vi #) shoms no distornion of tus segmenr When the
recording was made samultancously from the v 0 itracardiac electrodes (thurd
record), some but ot al) of the ST clevagon had sponeaneously subsided. Time
Tines, 02 second

encountered duning catherenzaton of the nght ventricle {25) or of the
Yeft verericle (26, 273 These ace pamied by 2 vanety of modifi
tions of the preceding defl S

of depol the wal
poswnive deficenion and deep, notched neganve deflection charactensric

of a night ventricular Jead are not modified at all or only shghtly by the
demareanon porential (Figure 27}, w other instances the S wave is
aimost complerely ehmnaced, maling the curve appear, n a sense,
manophasic (Fagure 28) Yt s suspected that obliteration of the QRS
defiection 1s Jargely an algebeaic effect on the electrads of two oppositely

onenied double ddecene lavers The contace potentials are not reflecred
wn surface Jeads {Frguee 29).
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As in the atria, no exact clinical counterpart of this catheter pressure
potential occurs unless 1t be the rare example of a tumor (28) or forcign
body pressing on the heart, or the abnormal mechanics at the marging
of a ventricular ancurysm (29). A degree of excitation block is regarded
as accompanying all mjury carrents by some (36). le is fikely chac the
temporary S-T displacements seen in anginal syndrome arc on this basis,

Figure 28 Leads from adjacent points 1n the nght ventricle of a normal man
showing the “monophasic™ distortion whuch occurs (Viy,) when the electrode
makes pressure on the endocardium The stmlacity of che earliese parts of QRS
1n both records 1s ta be noted. The simultancous lead 1s 1, recatded at somew hat
less than normal sensittvicy with Vv, Trme lines, 02 sccond  (Kossmann, G E,
Berger, A R., Rader, B, Brumlik, J, Boller, S A, and Donnelly, J H. “lo-
tracarduc and intravascular potentials resulting from electrical actity of the
normal human heart,” Crretdation, 2.10-30, 1950.)

the block being induced by a relauve vascular insufficiency of short
duration.

On the other hand, injury phenomena of longer duration arc common
in che venericles and, depending on the degree, may modify the QRS
deflecnions, the S-T segment, the T wave, or combinations of these.

The changes which occur 1n QRS, other than those caused by intra-
ventricular block, are due to the loss of muscle elements which ordinanly
contribute to the total of che deflections resuleing from depolanization
of the ventricular muscle The best-known change, alluded to carher, 15
the subendocardial or transmural destrucrion of the wall of a chamber,
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asally the left ventncle, resulting ina surface lead becoming a partial or
comvl‘clc senudireet Iead from the cavity of that chamber. . .

One of the earhiest changes in the electrocardiogram which occur:
wath coronary closure 15 Tarely seenin chinical cutres but h;\'s heen pro-
doced m ammals (31). When 2 coronary artery 1 ued off .m.a dog the
mind change 15 10 the T wave, not 1n the S-T segment. This is aseribed
toschermua wich a delay in the velocity of the repolanzauon process s

Figure 29 Comuacr potental shown n 3 lead (Vin,Mfrom the cavies of the
nghe ventricle of a normal man which disappears as the clectrode 15 slonly
withdrawn. The distornon of vhe basthne 2 the end of the trace 1 presumed
19 be due to breshing the endocardial contact The last comple s probabhy a
record of the true cavity potencial before distortion., The simultaneous lead
wade with an elertrode placed on the chese wall direcely over the mtracardue
electrode shows no change s the demarcauon patential 15 made to disappesr.
Time lines, 02 second

the wvalved muscle As the 1schernia becomes more severe, necrosis re-
sults, and there 15 then supenimposed the effects of an Wjury current
Which tend to displace the ST segment w 2 dircetson opposite to the
abnamal T wave. Once the myury current subsides, as the cells Tespon-
sible for it erther die of recover, the ST segrrient teturns to the basehne,
and the defaved recovety in the “4schemic” muscle adpacent to the dead
zone agawn results in abnormal T waves of a type which are well known
crecally

An ebsenation of some smerest and wichour a sausfactory explama-
Bon ts the scewrrence of elevanon of the ST junction and segment
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precordial leads when there is infarction in the anterior part of the hearr,
and depression of this junction and segment when there is infasction 1n
the posterior part of the heart. The spatial axis of injury, Ej, points
upward, forward, and to the left i the antcroscpral infarct (Figure 30B);

Figure 30. Changing spanial avs of injury, E,, 1 a male paticnt with recent
myocardial mfarction Record A was made approumately ew o hours after, and
record B 40 hours after symptoms began. The mstul spatial avss of injury 3
directed upward, backward, and to the night as expecred witha subendocardual
Jesion The final avis of myury 15 upward, forward, and to the Jeft as usually seen
with mfarction 10 the antenor part of the heare The change 1s asenibed to the
lesion becoming transmural, which 1s supported by the changes m QRS which
hase occurred between the tvo curves Time lines, 04 second (sec Figures
32A and B).

downward, backward, and to the right in the posteroseptal infarct (Fig-
ure 31). On theorencal grounds (Figure 32A) the reverse should be the
case because infarction in the heart 15 usually more extensive on the endo-
cardial chan on the cpicardial surface, and a good many do not extend
to the epicardial suface ar all. Under such circumseances the exploning
electrode, i the case of an anterior subendocardial infarct, should be on
the normal side of a junction between nofmal and injured ussue. During
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dectrical gy scole the elecrrode would then be negatve with xc;pm :;
surrounding medium as a resulr of the vector, T2 (o1 ~1), bemng durect
2aay from the normal muscle (Figure 32A).

SZw‘al explanations have been given. Bayley (20) pointed out ‘lh?l
it transversd wfasction 2. subendocardiat fayer z_)f healthy muscle ;;
presenved, ender which circumseances the I\Omﬂlﬂnl\ll?d junction % o:
have a reverse otiepvanon of that expected on the basis of the discesbue

SSHINE

el
S

Tun

Figore 3t Unusual displacement of the §-T segment i 2 elderly female after
myocatdut nfarction The spanal 2us of mgury, £, has 2 direcnon downward

backward, and to the rght 25 expected 1 posteroseptal infarcuon Changes sn
QRS are not vex fully developed.

o of the coronary blood supply In expeniments on turtles and dogs,
Prone and Valencra {37) demonstrated that preservation of a subendo-
cardsal taver 18 nor essential to the production of an elevated S-T junction
m dureer or semudicect epicardial leads from an area of myocardia] de-
seroction 10 thesr experiments, positive displacement was also observed
when an electrode was placed on the cavaty side of a transmurat tesion.
They aunbuted upward displacement of the ST segment on bath aspects
of the fesion to boundaries developed ber cen wjured and uninjured
l;):lgz):‘c a¢ the margwns of their expenmentally produced fesions (Figore
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Rarely in the course of myocardial infarction in the anterior part of
the heare a transition 1s seen in serml records between the theoretically
expected downward displacement of the S-T segment in precordial leads
and the more usually encountered upward (positive) displacement of
this segment. This is demonstrated in Figure 30. The initial record, 4,
was made approximately two hours after the onsct of the clinical syn-
drome of coronary occlusion with myocardial infarction in a middic-aged
man. In it the 8-T junction and segments arc depressed in the standard
and precordial Ieads. ‘The spanial axis of injury (20, 33) or instantancous

a B 7l & SUBEPICARDIAL

.-
re
Figure 32. Diagram of the clectrical effects of a subendocardial, transmural,
and subepreardial leston The senmcircular diagrams represent a porton of the
venenevlar wall The stippled areas are dead, the clear areas healthy muscle, and
berween the two 1s assumed to be an mnyered arca where exciranon is bloche
as 1t approaches it from the endocardul susface (arrows) The vanable clectncal

effect on pomts, P, nside and outside the chamber, arc on the basis of the rela-
tionship, V' = ¢ {see Figure 21)

4

veetor for the ST junction, Fi, 1s dirccted upward, to the right, and
backward. This 1s the direction expected with a subendocardial lesion
(Figure 32A) and 1s the usual dircetion rahen by dus veetor }\hcﬂ
temporary angina occurs spontancously, 15 produced by hypovia of
exercisc (34, 35), or oceurs with tachycardia, hemorrhage, or penpheral
circulatory fatlure tn the syndrome called coronary msufficiency (36, 37
38). Approuimatcly 48 hours later, however, (Figure 30B) the ST
junctions have the more usual reciprocal displacement in the standard
leads 1 and 11T wich clevation in Yead 1 and i the lefe-sided prccm‘dml
teads. The vector has changed to an anterior, upward, and lcfn\afd
direction. The change 1s ascribed to early involvement of subendocardial
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muscle enly, similar to what 15 shown dagrammatically in Flg\.lrc 311\.
ad 1o lires transmural involvertent, 38 shown diagrammatically in
Figure 328,

One of the problems of clinical clectrocardogeaphy has been d\F
dficaly of telling whether myocardial injury is present when there is
2 complete defect in conduction 10 the left bundie biranch. The problem
is best ilosesared by an example (Figure 33) of a panent who had &
tecent infarct of the heatt, and who displayed intermutent left bundie
branch Block, as well as atroventmenar Block, over a period of sevesal
days The figre shows the forms of the QRS and T waves with and
wichout bloch., Lead Vs shows how the broad, deep T wave caused by
delayed subepreardual repol is completcly ot d and replaced
by an pright T when block of the bundle develops. A siumlar phenom-
enon, in fesser degree, 15 displayed by the othet leads.

The case relates to the marter of the ventneular gradient (14, 39), al
feady touched upon in the discussion of the electnical behavior of the eell,
Stated 25 simply a3 possible, the T wave may be modified by rwo known
arables. Firse, 1t may be modified by a change m the mean direction
of exitation, of QRS Under such crcwmstances 1t follaws that the
Mean ditection of recovery must of necessity also be changed. This 1
Mustrated by the considerable alteration in the T wave which occurs
uhete there 13 mtermitcent bundie branch block without nfarction. In
s mstance the ventricular gradient 13 exactly the same after as it was
before the block Second, the T wave may be altered by any process,
such a8 infaretion or pencardinis, which delays regression locally, When
Bath varatfes are operstive, 18 m the case shown (Figure 33), 2 calenla-
tion of the aagrutude snd direction of the gradient, which 15 a veetoral
¥um of the mean marufest potenuats of QRS and of T, may maicare by
its abnormality that there 1s local injury grossly obiscured by the bundle
branch block

To rerum to the figure, st wall be noted thar the prmary shuarmaliy
of the T wave 15 obscured Whenever the ares of the QRS deflections
during block 1s farge This amounts ta saying thar the secondary
m T wave 15 greater than the pomary change Further, the effeats of
the sofaree on QRS way be obsenred Yy vartue of the Fact that the mean
dircction of exeranion of the seprum, being from right to left 1 feft
bundle branch block, makes the I ventnculac avity postive Sem.

change



block
and

Figure 33. Myoeardial tfarction with internuteent lefr bundle branch
and complete and mcomplete atrios entnicular bloch. In the standard leads,
leads aV, V,, and V,, adjacent complexes show the presence and absence o
bundle branch block. In the other leads the two types were recorded at different
cimes. The figures —6 and +36 mean that the record on which they appear was
recorded 6 hours catlier or 36 hours later than the other m the same lead:

In adjacent complexes, suprasentncular and aberrant, on the same strip,
arca of QRST 15 approumately the same

The figure llnstrates the obscuration by lefe pundle branch block of the
primary abnormahties of the T wave,

the

172
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&isect leads from the cavity will then be, at Teast partislly, positive
rather than negative as when i Jeuter and sepeal cond are
normal This was niot trve in the present case because the nfarcer had
caused Ltle change n the supraventricular QRS .

Although a great deat of information is i\‘llhb(t‘ on the \'ensncuhr
gradient (30,41, 42, 43), includmg 1ts usual orienration in u}fnrmon and
agure pericardicis (33), nevertheless 1t has not been nsed chinically eveept
‘na gross mapnet for the reason that 1t cannot e measured too accurately
or casily (44). As soonas stopler instrumental means are avalable, it is
probable that the measurement will be made routinely and will have con~
siderable practical vatue.

A curious type of record has been encontered several times during
cardue cathetesization, Tr 1s charactenzed by 2 large neganve portentisl
occurrng toward the end of the T wave and extending well meo the
ondmanly isoelectrie T-P interval (Figure 34) It has been observed to
hase 2 magnitude of as great as 8 G mv, and 1ts position in the ventricular
clecrrocardiogram 18 about where the U wave would be evpected. This
negative porential may be on the bawns of hyperpolanzauon (Figures 20
and 22E) brought about 10 some way by the pressure of the cathater-
dlectrode an the endocardwm of the tight ventricle As can be seen m
Figure 34, this potential 15 not reflected in 3 surface lead, varies in degree
Qovest trace n figure), and disappears as soon as pressure of the elec-
twode 15 seleased (end of top trace m figore), Tt 15 suspected that this
type of impory may mamifest wself cimeally by modsficatons w the U
wave which have heretofore been relatively neglected.

In summary. 1t may be concluded that expenmental and clincal studies
of the electrical behavior of snjured ventneular musele have shown 2
fuph degree of corralanion, ene with the other What munor discrepancies
::2 “::‘- P’"{’m‘a! Iy berwcen what is observed cleceracardrographically
el s 0{“-::: b)thz)\'l:l’ which occurs 1 the course of injury
bt omicat changes which can be detected by present

Chimeat Considerations of Pericardia) Injury

{58 generally agreed thar the i
pencardium is 3 passive conductor.
Hmrmrdxogup\\\c 2bnormalives which occur with disease of, or
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Figure 34 Intracardiac leads 1n a Negro male with unknown heare disease dis-
playing a late, large, negative potental possibly caused by hyperpolarization (sce
Figure 22C). The upper record (Vrv,0) from the nght ventrcle, made smul-
tancously with the poarential of the left arm (V) shows a spontancous disap-
pearance of the potential at the end of the strip .
"The lower records were made with a double clectrade catheter m the Hight
ventricle with the electrodes 3 cm apart The proamal electrode recorded the
pmhnble true potential of the cavity (Vrvp), the distal clectrode recorded (h'c
negatr e after-potential but m lesser degree than mitially (Vev,0) To be noted is
the occurrence of this potentral near the end of the T wave and its persistence
for almost 0.3 second into the T-P nrerval Time lines, 02 sccond, string seast
uvity ts normal unless otherwise indicared

trauma to, this membrane are ascribed to nvolvement of the subcplc-lfdif“
myocardium, An exeeption 15 the case of the massive pericardal cffuston
which theoretically causes some diminution in the size of all clectrocar-
diographtc deflections by virtue of 1ts shorr-cirewting effect,

The changes which occur i the chinseal clectrocardiogram arc well

Kknown (45). During the first week of an acute perscarduts, with the ex-
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d < pericardiis, the ST segment is characteristically ci§~
i&:::‘:\i:;:l;\: lr\'n. and lefe-sided precordli\‘\c?ds, and dcpxcssc\l }!\
feads Veeand V. Usually thereis \inde ot no deviation of the segment in
Jead Ve, Dunng the nscripnon of the T wave the potennal of m‘c (n%hx
arm and of the night stermal edge 15 negauve of the kff am and left hcg
<arwble, and of the precordial leads, other than v, positive and passibly
norched “The spanal aws of snyery is downnard, forward, and to the
3efs {Figure 30C),

Figuee 35, Sundard leads before (3-29-39) myocaedil wfarcoon, after

(4-6-39, $-8-19) myocardul wnfarcuon, 3nd afrer (-10-39) development of
fornop pencards. To be noted 15 the discordane dis-
placement of the S-T segments m the second two curtes and the concordant
displacement of these segmients in the List,

in a2 pentod of 2 few days up to several weeks there s gradual disap-
rarance of the 2bnormal ST segments, and reverse modificazions i the
T wave occur Tnleads Va and Vs this deflection becomes posiuve, and
w the standard Jeads angd che leads from the left sde of the precordum
1« becomes negasive or less posinve In the leads from the left arm and the
Aeft leg the modifications are vartable

The chanacterisue concordant elevanon of the ST segments and

subscquent cancordant depression. of the T waves w the standard leads
ave asenbed to mnvol of the subepreardial d

y around the
apex domm.\m\y on the anterior wall (Figere 300) It hardly need be
Pomeed our thar percardins does not occur exclusively m this are, thay
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a similar clectrocardiographic picture will be obtained if the lesion is
diffuse, and that other abnormalities observed will depend on the orienta-

Figure 36 Standard leads (I, IT, TID), ex-
trenuty potenuals (Ve, Vi, VF), and
precordnal potentials (V, to Vi, and VE,
up of ensiform) tn same patient as in Frgure
35 recorded on 4-7-39. The changes are
typical of transmural anteroseptal mnfarc-
won with probable subendocardial miolve-
ment at the apex. Chest leads were recorded
at 0.5N sensiuvity of the string Time lincs,
004 sccond

tion of the injured and ische-
mic myocardium to the surface
clectrodes. Further, pericardt-
s may cxist withour any
electrocardiographic  abnor-
malities.

A problem of considerable
pracncal interest 1s the differ-
cntiation of the electrocardio-
graphic effects of pericarditis
from those of myocardul
infarction, cspecially since ap-
proximacely 15 per cent of
myocardul infarcts are com-
plicated by a diffusc pericardi-
tis (46). When the clectro-
cardiograms are characteristtc,
the differential diagnosis is
fairly casy, although cxcep-
tions occur particularly if the
farction 1s diffuse or if there
are muluple mfarces. If in the
course of myocardial infarction
known to be elsewhere than
at the apex a concordant dis-
placement of the S-T scgment
occurs, almost certainly peri-
cardins 15 compheatng the
preture. The example (Figures
35 and 36) shows a control
clectrocardiogram (3-29-39)

and two sets of standard leads (4-6-39 and 4-8-39) madc after the
dinical occurrence of myocardial mfarction probably on 4-3-39. The
prccordinl and extremity leads were made on 4-7-39 (Figure 36). The
three lateer records leave lirtle doube about the recent occurrence of

—
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myocardial necrosis ivolving most psobably lhc. anterior wall of the
feft vernrice, and the adjacenk anteniot interventricular septum but not
the apex (see leads V, and Vi). On 41039, however, the stardard
teads dusplay a new concordant deviation of the 5T segments, asenbed
to subeprcardial myocarditis orented in such a way as © y:c}d anaus
of mgury dirccred downward and to the left. No pericardial friction I'Elh
was heard. Nevertheless this new finding suggested diffuse pericarduis,
and the axis of injary indicated that the original infarction was not apical,
ot 2t Yeatt nox transtiaral 3t the apex, for wnder such circumstances
the subepreardial muscle would be dead, and the complicating peti-
cardis could nar then have caused the direction that the new aws of
injury taok.

At necropsy there was 4 fresh occlusion of the antenor descending
branch of the left coronary artery. The mfarce was dominantly on the
antertor wall of the left ventncle but did extend to the apex. In the latter
region, however, the mfarce was subendocardial anly, and covered by a
mural thrombus There was, in addinon, a diffuse fibnnopurulent peri-
aatdiess which yielded on culture 2 hemolytic steeprococeus. The prob
able portal of entry of this orgamsm was 1n an area of freshly consolidated
fmg Al subserous layers of the ventricular myocardium which were

examined displayed a heavy with polymorphonucl
hocytes

leu-

Even with farction 1 other areas of the heart, the occurrence of
concordant elevation of the ST segments 1n the standard leads should
evctte suspicion of a comphicatng diffuse pericarditis. Although the di-
agoosts formerly was only of academmic interest, in this era of potent

b the recogy and of the
may be hfesanng i puslenttypes

From the discussion, 1 15 apparent that an apical infarce can simulate,
euaggerare, ar nullfy the clectrocardiographsc effects of 2 diffuse pen-
:t\i\m sepending on tes sneratural focation (20) Tt also must be clear

;; t‘:e )oml‘peﬂardl(\s which oceurs over a wransmunal infacer prob-
ably hias no elecrnea? effects because the muscle und
ety ¢ under 1t is necrotic and

One possible momfestanion of 1n
jury which has been ob:
faboratory to ocour with unusual frequen: b

Y (n
trical alternang m\'o\\mg both QRS and 'IY e gencathos s clec-
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Summary

The several varietics of “injury” of the myocardum and pericardium
which may be reflected in the electrocardiogram have been reviewed. An
attempt has been made to demonstrate how an understanding of the
membranc theory, coupled with a knos ledge of the behavior of clectrical
currents 1 volume conductors, makes it possib]c to draw a conclusion
1 physiological terms and with a great deal of precision regarding the
nature of the clinical disturbance which may be present. It is suggested
that the era of describing, classifying, and cataloguing the nature and
behavior of the acrion potential of the heart in 2 conducting medium is
drawing 1o an end, and 1t 1s visuahized that che future holds considerable
promise for the exact correlation of the clectrical with other functions of
the myocardial cell.

Acknovledgment ss made to Drs. Adolph R Berger, Bertha Rader,
Stanley A. Briller, and Joseph Brumlik, without whose ndispensable assist-
ance the original awork quoted could not have been accomphished.
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Summary

The several varicties of “injury” of the myocardivm and pericardiom
which may be reflected 1n the electrocardiogram have been reviewed. An
atcempe has been made to demonstrate how an understanding of the
membrane theory, coupled with 2 know ledge of the behavior of clectrical
currents in volume conductors, makes it possible to draw 2 concl
m physiologieal terms and with a great deal of precision regarding the
naturc of the clical disturbance which may be present. It 15 suggested
that the era of describing, classifymng, and cataloguing the narure and
behaviar of the action potenttal of the heare i a conducting medive is
drawing to an end, and 1¢ 1s visuahzed that the future holds considerable
promusc for the exact correlatinn of the elecrrical wath other functions of

the myocardial cell.

Ackngwledgment 15 made to Drs. Adolph R Berger, Bestha Rader,
Stanley A. Briller, and Joseph Briomiik, neithout whose mdispensable assist~
ance the original work quoted could not hive been acconphshed.
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shovethe resting valuz, but is below the level thag is reached by 3 no.nn:x\
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Chapter 12

EDEMA AND DYSPNEA OF
HEART FAILURE*

Eugene A. Stead, Jr.1

THE CHIEF SYMPTOMS of congestive failure are weakness,
swelling, and shortness of breath. All authors agree that weahness
occurs because the hearr cannot normally increase its output in response
to the sumulus of exercise. There has been less gencral agreement as to
the cause of the edema and dyspnca

The amount of blood pumped per minute 1n patients in heart failure
is less than that pumped under similar conditions by patiencs without
heare failure. The separation of patients with heart fatlure into two
groups, those with hugh output falure and those with low output farlure,
has caused considerable confusion. The cardiac output at rest varies
considerably from person to person. In the same patient it varies grealy
in different physiologic and pathologic states. Exercise, cating, apprehen-
sion, and epmephrine increase the cardiac output; mortonless standing
decreases it. In a person with 2 normal heart the resting cardiac output
will be decreased 1f the subject has myxedema, and increased if he has
ancrma, thyrotoxicosis, beriberi, or artertovenous fistula. There arc no
absolute levels of the circulation above which circutatory farlure docs not
occur and below which it always occurs The amount of blood pumped
must be considercd 1n terms of the immediate necds of the body rather
than as an absolute value.

In the natural history of slowly progressive congestive hearr fature
it 1s the rule rather than the exception for symptoms to oceur during
peniods when the cardiac output 15 above the restng level. Fangue de-
velops duning the day when the subject 1s acuve The outpur 15 ncreased

* Presented October 12, 1951, at the 24th Graduate Fortmight of The New

k Academy of Mediaine.
Y‘;‘Yk)rﬂ\ce fteAlster Professor of Medcine, Duke Unversity School of

Medicine
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shove the resting value, but s blow the level that is reached by a normal
hears, During steep the cardiae owtpet £alls from 2 subnormal exercising
fexel to 2 normal value for rest, and the output becomes sufficient for
the esting needs, €2USING SYMPLoms to disappear. As the heart becomes
waaker, signs and symptoms of congestive farlure persist at vest. inthese
ponents the cacdiac ourpu is cansistently below the resting value unless

pheating physiologic or path logic states are present.

Patients wich advanced pulmonary disease, anemia, thyrototicosis,
beriben, and arreriovenous fistala have a high resting cardiae output. 1n
them circulatory fature wsually develops before the resting cardiac oue-
put fals belows the vatue for normal subjects, The significant fact is the

Tl 1n cardiac output to a valae below that found wn the diseased state in
the absence of heart falore.

Sumuds which normally cause a fise 10 cardiar ourpur frequently cause
a fall in outpur in congestive failure. The reverse 1s also seen, and snmuh
whick cause 2 falf in the normal subject cause 2 nise 1 the panent with
falure, Anyosumulus, such as exercise or exgstement, which normally
inereases the ourpur smay decrease the outpuc m 3 faugued hearr. As
fatigue ncreases, the abdiey of ehe heart 1o empty decreases. Anything
which decreases the activity of the paticnt and normatly decresses d\;
output may wcrease the output of the faugued hearr.

In uncomphicated heart faslure which perststs at rest, blood flow has
bren veduend v ol aress Whet 1t has been stodied {1). The reduerion m
splanchauic blood flow and cerebral blood flow 18 proporuonate to the
deercase m cardiac ourpur; the feduction m remal blood flow 18 much
i:::;.‘i:;x;ng s}gl:nchmc OYygen consumption 1s mnsaned at a
b oy gem ci\:\;n;::;f :( i\; ;ncmvex}ms oxygen difference. Cere-
m severe fature. The reduction m{l&m; l?“l B e,
' telatcd 1o he chnge oo low :: (:e various arcas stud{cd
mr?cs o s put and does not correlate with

o2 1n heas B
bya mdmmbm’;f:}“é; :‘:ﬁ be ;i‘mdcd into two types 1) that caused
bya maily present in the body, 2) that caused
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s T - “l ﬂ}:“ \ﬂccd by redistrsbation of normal flud,
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may rapidly develop massive pulmonary edema, Blood is pumped into
the lungs by the right ventricle, and it is not removed by the left ventricle.
The pulmonary eapillary pressure rises sharply, and fluid is pushed into
the lungs. Fluid enters the blood stream from the extracellular areas sup-
plied by the systemic circulation, and thus becomes available for in-
creasing the pulmonary edema. The hematocrit reading and plasma pro-
tein concentration indicate 2 shght to moderate fall m blood velume. The
weighe of the patient 1s unchanged,

In the second type of cdema, fluid is retained n the body and weight
gawn occurs. For some reason relared to heart farlure, the kidneys are
cxcreting less water than the passent is drnking The cxact reason why
the kidneys retain fluid has not been agreed upon.

In chropic heart failure there is a stnkung disturbance in the ciroula-
tion to the kidney. The renal blood flow is reduced to 2 value only one-
third to one-fifth that of norma, and the glomerular fileration ratc 1s re-
duced to a valuc one-half to one-third of normal (3), This reduction in
renal blood flow and filtratton rate Is relared to the level of cardiac out-
put, but shows no obvious correlation with the level of venous pressure.
Tubufar function remains good. The author believes that this reduction
in fileration rate, sccandary to the reduced renal blood flow in the pres-
ence of relatvely weff-functioning tubules, 15 the prmary cause of the
cdema in congestive faslure. According to this theory, the normal tubules
are unable to depress their sodium reabsorbing function cnough ro allow
she escape of large guantitics of sodum m the urine when the amount of
sodium presented to them is reduced to the degree seen in hearc farkre.
This thesis emphasizes that the teabsorpuve abibiey of the wubules in
both normal subjects and paticars witk heare farlure can be altered by
various agents acting on the twbule, but 1t emphasizes also that the
amount of sodium retenuon produced by these factors acong on the
tubules 15 nflucnced in a quantitaive rather than a qualitative way by
the reduced filtranon rare In other words, both normal subjects and
patients with heare fature retain sodsum during hight evercise, but the
amount of sodium retained by the cardiac exeeeds that retained by the
normal subject. This quantitative difference ss believed to be the 'rcsult
of the low filtratson rate in the presence of reasonably well-funetionng

tubules. )
Other mvestigators beheve thar the rerention of sale and water 33
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caused by a rise i renal venous pressure. Still others fecl that a rise in
systemic venous pressure causes loss of fluid into the tissue and that rh.m
foss of fluid from the blood stream in some way causes retention of fluid
by the kidney. Many other persons think that the circularory disrux:buncc
w the kidaey is not very important, and that the sodwum retention of
heart faslure it cawsed by the action of various hormones on the renal
tubdles. There is evidence chat urinary corticoid excretion 15 mncreased
wn heare fasture,

Our chef difficulty in sertfing the question of edema in hearr faure
bies in our ignorance of the factors which control sodium excretion in
normal subjects. We hnow that sodium excretion is wcreased on a fugh
sodium intake and Jowered on 2 decreased sodum ncabe More sodm
is exereted during the day than during the night Lowenng the blood
volume by bleeding and standing § sodium
Corusone and desoxy cause sodim ion. Whether
these hormones are important in the houtly and daily vananons 1n
excretion of sodum 1n normal subjects is not hnown.

In this discussion we have blid\ely assumed that the primary cause of

and thar retennon of water and

well. In patients with sudden heart failure the concen-
anons of sodutm and chloride 1n the plasma are normal, In many pa-
nents with ehronie fiiture the sodurn and chloride concentranons in the
plasena are fow. Thuy has ted many peaple to wonder 1f too much em-
rerention, and thes

Y raise the question of
WICr Tetention my

+ 55 6. W0 any chronie §
€ 3¢ 3Pt 10 find the pyg
atients have none nﬁhz sig:m Formia 20

s of orculatory dyfficyy,

or without edema,
Fq Many of these
'y of the type ne are
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accustomed 0 see in patients m Addisonnan ensis. Indeed, we may well
blame our friends i endocrinology for making us believe that patients
always appear acutely il when the sodium concentration becomes Jow.
We forgot that the Addisonian appears very il not because the electro-
lytes are out of balance but primartly because his eaure body homeo-
sgasis 15 upset by the lack of a fonctioning adrenal cortex.

These daea indicace that, in such chrome ilinesses, the osmotic aetivity
of the cells 15 deereased. In the past we have been taughe that celtular
osmolariey is rigidly defended, but the finding of low electrolyte con-
centrations i the plasma can only mean that the osmotic activity of the
cell is also low Cellular osmolary can also increase as shown by
obsesvations after electrsc shock therapy (7). These data are comp,mhlc
with 1) retention of an abnormal quantity of water because of a dis-
tutbance in the mechantsms controlling water secretion, with subsequent
dilatation of clectrolytes; 2) lowenng of oumote acuvity of the cells
s0 that water 1s retaned by normal rather than abnormal function of the
water-regulating mechanism. Any flnd-regulanng mechanism which was
set to fluctuate around the osmaonc pressure of cells would not give an
nvariable level of electrolyte activicy w the plasma, but would regulate
the plasma to correspond to the vanable osmonc actvity of the ecll.
This has been suggested by Welr et al. 35 2 possible explanation for cer-
tatn hypomatrenuc states (7).

When a normal person drnks 2 large quannty of water, the level
of electrolytes in the blood and evrracellatar fluid 15 fowered. The water
passes into the cells 1o restore the osmoue cquilibrum berween mtra-
and exeracellufar flud. This falt an electrolyte concentration acts on
osmoreceptors in the arca supplied by the internal carotid artery and
causes an intubiion of secretion of the anudiuretic hormone of the
posterior piruiary gland (ADH). When the renal cubules escape from
the action of ADH, absorption of water in the distal tubules 15 decreased
and water diuresis occurs If hypertonie saline 1s now injected intraves
nously, the electrolyte acrvity of the blood and cvtracelivlar flud 18
ncrcased and water passes out of the cells to restore osmotic equilib~

rium. Tmmediately the osmoreceptors respond ta the cellufar dehydra~
Son with sumulstion of the postpituirasy ghind to produce ADHL
Tubular resbsorption of water 1 the distal rubule 1s increased, and the

water diuresis is checked.
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3 ADH v sopplied evogenously by giving Piesessin rcpﬂfc\{ly in
small doses, water drining resufts in a considerable wcrease in inera-
and exracellolar water, nd the sodwm and chlonde mnccn(l:anbns
in the plasma ate considerably deereased. May notsucha mcchan\su) be
the cause of edera in patients with heart failure and fow concentrations
of chloride and sodwm?® May not the water retention itself rcstﬂr na
secondary Tetention of sodium and chloride® We do not think so,
becatse the admuntseeatton of Pitressin o normal subjects over a 23-hour
penod does ot cause the charactenisne rerennon of sodium, so rypical
of heart farlure Warer 1s retained, but nor the salt (8).

Let us constder more closely the findings 1n chronse illness with low
sodyum and chlonde concentrations. The patients do not show signs of
perphent evrenbatory faiture, 1€ sodwm chlonde wmtake 15 increased,
ather edema occurs because of evpansion of the extraceliulac fluid
volume or the salt 1s excreted in the unne In either mmstance the concen-
trations of sodwm chloride may change hirtle. 1f sale is resericted 1
the dier, the excrenon wm the wnne becomes greatly reduced and the
fall in concentration 1 the plasma 15 slowed down If desoxycorn-
costerone or ACTH 1s given salt retention occurs, bur this results 1 an
expinsion of extracelldlar flasd and not in 2 nse in conecentration 1 the
plasma I water 15 given & diurests occurs. I hypertome salt s given
eravenously the diuresis 13 braken, We thus have evsdence of 2 new
kel around which function the osmoreceptors regulaang prutary
ADH scereton function, These cbservations suggest that m chromse 1~
ness cellutar lanty changes and, therefore, the o of
clectrolytes in exeracellufar fluds 15 altered. Warer is not recamed to
didure the efectrolytes because of the overactivity of postpituirary ADH.

The prratary mechamsm functions nomally, but 1t is working aronnd
anen osmotic serp

We believe, then, that we have three common sitvations n which
the serum sodm and chlaride fall 1o fow fevels Wager nrovcarion 1s
2 fourvh and rare cause The most common sitation 15 the one resuling
from changes m ccllatar osmolaniey  Admumstratson of ssle can rm':;
expand the volume of exeracellular varer. It cannot raise the concentra~
uon in exeracclivlar warer because this would cause celltar dehydranion,
- ::n :ﬂm ‘Z {rixzd scutely occurnmg low salt syndrome 1 which

ium and chloride 15 law because of consrant foss
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accustomed to see in patients n Addisoman crisis. Indeed, we may well
blame our friends in endocrinology for making us belicve that paucnts
always appear acutely ill when the sodium concentration becomes low.
We forgot that the Addisonian appears very ill not because the clectro-
Iytes arc out of balance but primarily because his enure body homeo-
stasts is upset by the lack of a functionmg adrenal cortex.

These data indicate that, 1n such chronte illngsses, the osmoric activity
of the cells is decreased. In the past we have been raughe chat ccllular
osmolarity is rigidly defended, but the finding of low clectrolyte con-
centrations in the plasma can only mean chat the osmotic activity of the
cell is also low. Cellular osmolanity can also mcrease as shown by
obsetvations after electrie shock therapy (7). These data are compatible
with 1) retention of an abnormal quantity of water because of a dis-
turbance in the mechanisms controlling water secretion, with subsequent
dilatation of cleetrolytes, 2) lowering of osmotic activiry of the cells
50 that water 1s retaned by normal rather than abnormal function of the
water-regulating mechanism. Any fluid-regulating mechamsm which was
set to fluctuate around the osmotic pressurc of cells would not give an
mvarnable level of electrolyte acviry in the plasna, but would regulate
the plasma to correspond to the varable osmotic acuvity of the cell
This has been suggested by Wele eral as a possible explanation for cer-
tain hyponatremic states (7)

When a normal person drinks a large quantty of water, the level
of clectrolytes i the blood and extraceliular flmd 1s lowered. The water
passs into the cclls to restore the osmotic cquilibrium betw cen intra-
and extracellular flud This fail in clectrolyte concentration acts on
asmoreceptors n the area supplied by the inrernal carorid artery and
causes an mhibion of sccretion of the anudiurenie hormone of the
postertor piturary gland (ADIH). When the renal tubules escape from
the action of ADH, absorption of water in the distal wbules 1s decreased
and water dwresis oecurs. If hypertome salne 1s now injecred inerave-
nously, the clectrolyte actvity of the blood and exeraccllular fuid is
increased and water passes out of the cclis to restore osmotic equilib-
riom. Immediacely the osmoreceprors respond to the cellular dehydra-
tion with sumulation of the postpirwitary gland to produce ADH.
Tubular reabsorprion of warer n the distal tubule 1s mnercased, and the

water diuresis is checked.
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15 of normal tomenty as long as cell tonicity is normal, but will change
25 cellular tonicity changes.

'clthe hurd grcayr sym;mm of cardiae farlure 15 dyspn.m, The basis
for cardiae dyspres ts the scructural changes w tuch occur in the lung as 2
resule of heart farlure Charactensstically, the lfeft heart is more damaged
than the night and blood accumulates 1 the lungs. The pulmonary Cfplk
fary pressure rises Early in the course of heary Bailure, any fluid reraincd
1n the body by the hidneys tends to be dumped preferentiafly in the
Yumgs Thss tendency may become less tmarked as advanced heart failure
occurs, and bath ventricles fail equaly.

When the patient with congesuve faidure 15 dyspnetc at rest, he ss
pumping more air 1 and out of hus lungs than do normal subjects. His
dyspnea 15 a comb of decreased breathing space and
vennfanon The cause of the increase in volume of 215 sespired has never
been fully deterruned

The overbreathing causes a fall sn the carbon dioide content of the
arternaf bfood and serves ro mamtam oxygenation of the arrenal blood.
The fact that the ed breathung 15 essential o ing full
ovygimanon s eanly demonstrated by the use of morphine As the venti-
fation 1 brougfit to a normal level by the action of morphine, the artenial
piygen content decreases 10 a pownt well below the normal level.

It has been stated repeatedly that 1 many patients wich dyspnea
from heart fadure, the arsenal otygen saturation 1s normal and that 2
need for oxygen 15 not the stmules for increased venntanon, Y 1s truc
that the cardiac panent has nearly nonmal ssmranon and that the slight
fall in artenal oxygen saturation characrenstic of the cardiac has no
casily detectable effect on the breathing of a resting normsal subject.

But can these data from the restng normal be apphied to the dyspneic
cardiac®

We know that 2 normal subject at rest can breathe 100 per cent
otygen wich hede effece on bus breathing, If he 1s doing heavy evercise,
huv\\ ever, brearing 100 per cont oxygen causes 3 sharp fall sn venleznan’.
Will the cardiae panient’s response to changes i oxygen tension be hike
that of the man at rest ar ke that of the exereIng wan?

Dara colleered by Hickam {9) show that the orthopneic cardac has a
sharp fall in ventilarion when he breathes 100 per cent oxygen, and that
thus fal 15 rouch grester than will oceur m normal Tesung sub;ccts with
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of sodium chioride from the body cither from the gastrointestinal tract
or through kidneys whose tubules are injured by disease or temporarily
paralyzed by the influence of mercurial diurcuc. The acute renal low
sodium syndrome has the following characteristics* on 2 low sodium
chloride intake, the loss in the urine is greater than the intake of sale.
Regardless of the level in the plasma, this loss continues, and does not
stop until death or anuria occurs. It cannot be prevented by the use of
desoxycorticosterone or ACTH. It 1s eventually associated with perph-
eral circulatory failure. Giving hypertome sodium chloride solution
results in dramatic clinical improvement.

The third common low sodium syndrome is a combination of Jow
cellular osmalarsty and excessive loss of sodium from the body. Ler us
consider an example. A partent with chronic illness has been placed on
a low sodum mrake. After a ume he docs not do well; the sodrum con-
centration is determined and found to be very low. He is given 2 linle
sodwm chloride intravenously with dramatic improvement. Repeat lab-
oratory examination shows that the sodium has risen only a hirtle and is
still much below the normal value. More sodium 1s given. The patient
does not improve further; the extracellular volume nises and clincal
edema occurs. If one nsists on treating such 2 patient untl the sodium
concentration returns to normal, death frequently occurs from drow ning.

A fourth, but less common, cause of low sodium syndrome is the
fall 1 electrolytes produced by water mtovicaion In postoperative
pattents who receive only glucose and water and who have lost some
salt by sweating, a syndrome characterszed by confuston, nse m blood
pressurc, and reduced urine ourpue may occur. Sodium, potasstunt, and
chloride concentrations in the plasma are low Hyperronic salt solution
given intravenously results in dramatic improvement. These same find-
ings are scen in patents with Addison’s disease who are being treated
with desoxycorticostcrone If they force water, stop eating, and discon-
tinue their excra salt, the syndrome of water intovicanion develops. In
scvere congestive faiture where marked discomfore 1s present, or where
infection or pulmonary infarction has occurred, onc may retain water
because of the repetitive neurogemie discharge of postpituitary ADH.
Hypertonic salime tn chese pateents usually aggravates the edema.

So much for gcncmhzai cedema. The cardtac retains salt and water
beeause the kidneys do not excrere sodum normally. The retained fluid



EDEMA AND DASPNEA OF HEART FAILURE 19

4. Murer, G, B “Water and efectrolyte metabolism in congestive heart
fudure,” Ctredanon, 4:270-77, 1951,

5. Esesvescer, W. )., Brovonemy, S, H, Bosaiovavsy, A My oand
Keanet, Ho G, “Electrolyte studies on patients with arshosis of the
tner,” J. Chin Inestigaton, 29°1491-99, 1950,

& S, EL AL H Wit L G, Oswrr,] md\r.snnm 1 WL “Asyp-
tomatre hyp n
tom, 2911533, 1930,

7. Weir, L G, Omuorr, ], Koop, D. M, and Ormny, L E. “An e
ample of ceffular hiyperosmolanty,” J. Chin Inesngaion, 28:935, 1950,

8 Hottavn, B C,, and Steap, E. A, Jr “Effect of vasopressin (Putressn
&)-indoced water retention on sodium exeretion” Areh Int Med.,
BB, 190

9 Hickaw,J B, Suener, H O, zndR\A\ .} M “Hypouaasa respicacory

stunufant w carduc dyspnea” (abstrace), J. Chin I esigation, 30:648,
1951

| Cimn. Investiga-

10. Pavor, W W, “Cheync-Srohes respitation 10 ymems with cardiac en-
fargement and prolonged arcvlancn nme,” Circulation, 4:233, 1951,



190 DISORDERS OF THE CIRCULATORY SYSTEM

a corresponding change in oxygen tension, The cardiac who is dyspncic
at rest responds to minor changes in oxygen tension in a way similar to
that of a normal subject doing heavy cxercise. The mechanism for this
increased sensitization to oxygen remains to be determined.

Cheyne-Stokes respiration is one of the dramatic climical findings in
patients with heare failure.

Pryor (10) has recently described one of the mechanisms responsible
for this type of breathing. These paticnts have large hearts and a long
circulation time. The trregulanity in breathing occurs without any
evidence of disturbance in the carotid sinus or respiratory centers. The
breathing follows closely the changes in artcrial blood gases, and their
response to a given change in arterial blood is a normal one. Coordination
between the lungs and the medulla 1s lost because of the large sac of
blood placed 1n the heart between the lungs and the medulla. Over-
breathing does not affect the medulla unuil the ennre heart s filled with
aerated blood. When this red, overventilated blood reaches the medulla,
apnea occurs. The blood entering the lefe side of the heart becomes ve-
nous as 1t perfuses through the motionless lungs, but the blood leaving
the heart remains arterial untl the enure dilated heart 1s filled with
venous blood. When venous blood finally reaches the medulla, marked
overbreathing occurs, but this can have no effect on the respiratory
centers until the venous blood emptics out of the heart. This is only
one of the mechanisms for Cheyne-Stokes breathing.

The tools for a study of respiratory sumulation i various discase
states are now available, and during the next few ycars our knowledge
of the mechamsms of dyspnea is certain to be greatly increased.
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of bth forms of therapy now, permit fat beter control of penpheral
‘JE‘W' Shorr's investigations of the qs\m:p\\;_
‘e anmagoniers ave not yet Yed o speafic therapy for the loss o

tone n arterioles and precapillary sphancrers due © fugh levels of vasa-
depressor material of hepanic ongin, aithough this type of shock has
teen cotrected by dulysis of the blood it the aruficial hadney.

Circulatory falure of she pcwre peripheral type 15 compensated for
by the body, a8 we may see afrer hemorrhage, by risg wnbvenomoroc and
anteriolar tone, and by conservanon of sodwmchlorde and water. The
Tatter. efiected by endocrme control of the hidney, permits restoratian
of blood volume and niswhe vurgor. Also there 1 a new formation of
plastna. proten and of red cells, so that the blood lost 15 soon fully
replaced Cardiac output falls when we ate m the sinng of erect posture,
and m studses of patients with postural hypotension, whose beds are
tifted so the shoulders ate well above the legs throughout both day and
Tught, 2 rise of several hundred cubic centimerers 1n blood volume occurs
m 2 week of two (1) The body brings ito play all these restorative
reflexes, whether circulatory faiture 15 due to hemorrhage, posture,
o any other cause.

In penpheral farture cardiac outpue falls because venous rerumn and
seencufar filfing are madequare When the perieardial sac is distended
wath flud, ot the pericardium scarred and drawn nght around the
vensmeles, hean fature 15 due largely 10 inadequate diastohic filling of
the ventricles These conditions usually develop slow by, aad as the com-
pensatory reflexes come mto play, there 15 a fise in blood volume and
= Yody water far above the notmal level. Combined with the nse 1n
tone of vergles, thus ramses pressure n the anncles, but does hrtle ro
improve ventncular filing when there 25 hagh reststance due to peat-
carchial disease

These forms of errculytory fanture mught be considered as preventric-
ular, 1 analogy with precenal uremia or edema, while the common form
of mcu!awry falore, congestive heare falure, 1s m most nstances

of myocardial. The fund: problem of d1at

Falure st one with Which only th " : 5
e md‘ only those \\ho}mchfcssorSzcnr—G).mgy, s
s “hxpdc\c emtcal serung of the heart muscle,
UST cORLract at feast thirty times 2 mnute

fatigue
10 man-



Chapter 13

THE MECHANISM AND MANAGEMENT
OF CIRCULATORY FAILURE*

William Dock t

IRCULATORY FAILURE cxsts when any tissue, or the body as

2 whole, receives less than an opumal blood flow. Often the
failure 15 Jocal, as when the retna receives madequate blood in a pilot
pulling hus arrplane out of a dive, or when the myocardium is poorly
perfused because of coronary sclerosis. General failure occurs when the
minute volume flow of blood inro the aorta fails ro mect the needs of the
whole body. This happens in all of us on cxertion, and leads to oxygen
debts of varying magmrude. Such deficits in flow are made up after
excrtion ceases. Acute failure also occurs after severe hemorrhage, of
with venous pooling due to rechning at a 75° angle on a nile table, or after
taking nitrites while quier and ercet. In all these condtrions the rocntgen
shadow of the heart decreases, the rate becomes rapid, and blood pres-
sure is normal or low. As the systolic pressure falls toward or below
90 mm Hg, and the patient develops nausca and apathy, circulatory
failure progresses into shock. This can occur from dehydrarion, adrenal
insufficiency, or hepatic necrosis, as well as from trauma and hemor-
rhage.

; Penpheral circulatory_fatdure_may be duc entirely to decrease in

"hlocd volume, or, as m spinal cord lcsions, enttrely to loss of vasomotor 2
and venomotor tong. In many acute mfections and megxications, both
factors are present. Restoration o v e by il nor
completely relicve the disorder if venomotor and vasomotor fonc are
Jost, nor_will restoration oigasculnr tone, b;' nnﬂnﬁ}}whrmc nfusion,
;;Ec complete relief 1f blood volume 1s greatly reduced. Combinattons

o Presented October 10, 1951, at the 24th Graduate Foremght of The New
rork Academy of Medicine. )
\ofrgmfcc:snr z)f Medicine, Statc University of New York, State University
Medecal Center at New York, College of Medicine, Brooklyn, New York.
192
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1 the arcolation. When thiamine deficit sets in, addutional cardiac
output is needed Pyruvate seems to ace as a vasoditator and heeps ‘hf:
vascular bed open even when il other needs have beea met. In errchosis
of the liver, open shunts in the skin and elsewhere may double bk'tod
flos it relation to nonmal basal needs Faiture to mect aff such excessive
dermands may lead 1o severe syTRptoms of heart fattare at mrd{nc outpus
far shove normal, Ths ¢ sunilar to uremia in 2 panent with two ot
three times the normal daly output of utrogenous metabolites, due ro
high protem mnrake or rapid breahdown of body pratcin

Tt mught be thonght thar sueh wmereases in demand for blood faw
would be impartant direct causes of heart falure Actually the cost to
the heart muscle of mcreasing stroke volume v hen the pertpheral restst-
ance falls 15 remarkably smal) Durng excresse 1n normal people stroke
volume nises b heare volume falls, Since oxygen use by the heare varies
with heart volume (3), the fall in resistance must more than compen-
sate for the nise n stroke volume, which can thus be maintained av
veduced levels of oxygen use per beat. We may conclude that the bur-
den on the heart, duc to mcreased volume flow of blood, s usually less
than one would think from the nsc i pulse rate. Such acceleration
regalarly occurs with increase 1n venous return

Arterial hypertension, whether systemic or pulmome, also adds to
the burden of the ventricle, but we have no way to measure how much.
Systemue pressure may gradually double, and pulmome pressure rise
four- or fivefold yet heact fasute may not set 1n, and venenlar volume
wncreases far less than one would calcutate from Starhing's curves relat-
g cardiac work to cardic volume (3). The curves deal with acure sit-
w2tons, and with an acwte nse of pressure, heart fulure may occur as
would be predicted In chromic disease, the muscle cells become thick,
wat lang, and the work 15 done very efficiently In such patients, fise i
e3¢, not the level of pressure, 15 the best dlue ta the cardiac burden per
B':s“ of 1muslclc Even m acute experiments, doubling the systermic
zm ‘mrc evel increases work per gram of muscle only 25 to 30 per

Doubling the rate tmposes on the heary, beanng at constant volame,
30 increase in oygen noed of only SO per cent per munute, and reduces
O%ygen used per beat (4). But rise i rate also shorrens the time avalable
or L

of the B and hugh energy chomucal
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tain our vital functions. Why do hearts carry their heavy burdens for
decades, and fail even when less is demanded of them in senescence, and
why is this sort of failure reversed, to some degree, by digitalis gluco-
sides> These are the problems now being attacked by the biochemist.
It 15 simple enough for the clinician to explam to himself the failure of
a muscle inflamed by myocarditis, or of myocardial cells filled with
glycogen or buried in amyloid. Since none of these simple causes are
present mn most cases of heart failure at ages over 40, the clinictan seeks
an explanation from the biochemusts, whose progress is most excitng,
even though we catch only flecting glimpses through our fog of igno-
rance.

In chrontc cardiac fallure—farlure of the ventricles to expel in systole
the blood which overfills them in drastole—all of the compensatory
mechanisms seen after hemorrhage are at work, and the pauenc has a
high blood volume, excessive extracellular flud, and yet continues o
retain sodium and water (2). If depleted of sodwm, his renal function
may fail and hus plasma sodium fall to critical levels, because he sull
retamns water in excess of his osmotic needs. These resules of the body’s
compensation for madequate output of blood cause most of the symptoms
of heart failure, and will be considered m detail by other speakers But
1t must be emphasized that the rate at which symptoms increase and the
severity of the symptoms observed do not give a valid mdex of ventric-
ular fangue, but are usually functions of the excess of the patient’s salt
intake over the normal needs of the mammaltan body. The latter, foc
sedentary people m temperate climates, docs not evceed 200 mg of
sodium per day, while American diets provide 3000 to 8000 mg 2 day.
Ths excess makes rapid accumulation of edema easy, even with mild
degrees of ventricular farure which would not be apparent with physio-
logic levels of sodium ingestion

The phystcian 1s chiefly concerned with congestive failure occurning
n mddle age, n sedentary people, with the usual excessive sale intahe.
Symptoms develop rapidly mn such patients whencver cardac output
falls a hrtle below opuimal needs of the body and when salt mgestion
suddenly rises. The opumal needs for flow mclude not only the blood
to keep oxygen tension at proper levels i all organs and replace oxygen
debes due ro excreion, bur blood to mamramn normal flow ro the renal
filter, to the dermal heat-radiating system, and to any leaks or shunts
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n the arculanon When thiamine deficit sets in: additonat -::n(\:c
outpur is needed. Pyvuvate seams €0 act as a vasodifator and ktcp; t .c
vascular bed open even when alt other needs have been mer. In cier! 10::1
of the liver, open shunts in the shin and elsewhere may double b
flow 11 relaton to normal basal needs. Faose to meet all soch excesswve
demands may lead to severe symptoms of heart failure a cardiac outputs
far gbove normal. This 15 simiir to uremia in a patient with tewo of
theee times the normal dady outpue of mtrogenaus merabolites, due to
high protern sneake ot rapid breakdawn of body protein.

It mghe be thought that such mereases m demand for blood flow
would be important direct causes of heart failure. Actually the cost 1o
the heant muscle of yncreasing stroke volume when the peripheral resst-
ance falls 15 remarhably small. During exercise 1 normal people strake
sotume rises but heart volume falls, Since otygen use by the heart varies
wath heart volume €3, the fall 1 resistance must more than compens
sate for the nse m stroke volume, which can thus be mamtzined at
reduced fevels of oxygen use per bear, We may conclude that the bur-
den on the heart, due to increased volume fow of blood, 15 usually less
than one would think from the nise m pulse rate. Such acceleracion
regularly occurs with increase in venous retum,

Artertal hypertension, whether systemic or pulmome, alse 2dds to
the burden of the ventricle, fut we have no way to measure how much.
Systemuc pressure may gradually double, and pulmomie pressure rise
four- or fivefold yet heart fulure may ot set m, and venrncular volume
wcreases far less than one would calenlate from Starking’s curves relac-
10g cardiac work ro cardiac volume (4). The curves deal with acate sie-
vations, and with 4n acute rise of pressure, heart fadure may occur as
wauld be predicted In chrote disease, the muscle cells become thick,
fot Jong, and the work 13 done very clﬁcxcndyA In such panents, fse 10

Tate, nor the devel of pressure, 15 the best clue to the cardiae burden pet
g of muscle Even 1 acure expenimencs, doubling the systemic
pressure leved mcreases work per gram of muscle only 25 to 30 per
<enty m

Doubling the rate umposes on the hearr, beatng at constant volume,
20 NCTesse 1 oxygfn need of only 50 per cent per munute, and reduces
?‘YE“‘ used per bedt (4). But nise in rate afso shorzens the tune avalable
o festoration of the molecular artangements and hugh energy chemical
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bonds nceded for contraction. The cvidence from clinical experience
pomnts to slowing down of these chemical reactions in myocarditis and
1n the aging heart, thus making the ventricles especially prone to fatigue
or partial exhaustion of contractile force 1f driven at rapid rates. While
clderly patients with complete heart block may have low minutc volume
flow, and are unable to increase this much on cxertion, they do main-
tain high stroke volumes against normal or high arterial resistance, and
rarely show classical evidence of congestive fuilure. Even when they
have had previous myocardial infarction and have bundle branch block,
they usually have large ballistocardiographic waves of normal contour.
This indicates vigorous ejection of a large stroke volume by the slowly
beating heart.

At the opposite extreme we sce that when young people with normal
hearts have an attack of paroxysmal tachycardia, heart farlure develops
in a day or two. In the first hours, the heart 1s smali, as scen by x-ray,
just as with the tachycardia of exercise, but 1t gradually dilates as it
becomes fatigued by sustained rates over 180 per minute, and in one
or two days, venous pressure rises, rales develop n the lungs, and the
liver becomes swollen and tender. With termination of the rapid rate,
cverything returns to normal in a few days There can be no doubt in
the munds of those who study cases of block on onc hand and of tachy-
cardia on the other that that acceleration of the heart 15 the most potent
factor 1n causing hearr failure Because increase 1 munute volume flow
1s regularly assocrated with aceeleration tn rate, 1t too has a causative
role far greater than would be the case 1f stroke volume alone were
increased. Cardiac acceleration 1s 2 common scquel of anger, apprehen-
sion, and related moods, so that heare failure may be precipitated by
cmotional storms, just as 1t 1s by fever and by other conditions, such as
beriben, hyperthyrowdism or cirrhosis, which accelerate the pulse As the
average age group of patients increases, heart falure occurs more often
as a result of a gven degree of acceleration, or of change 1n stroke
and resistance. Also, acceleration causes failure 1o develop more quickly
in older people, and the msc m rate required to cause farlure becomes
less marked. At age twenty-five, heart farlure does not occur i normal
hearts driven less than 150 per minute, at ages over fifty 1t often occurs
at rates of only 100 to 120, and disappears when the rate falls below 80.

It was long raught that failurc of the coronary bed to grow, and
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smabiity of oxygen to diffuse into zhrsk fibers, could explain n'tyoc'.\.n:n\
Friture in hypertrophed bt otherwise \x:.s\mnh(y nowmal ventric c:
Bung and Goodale (5) have shown that flow is normal and oxygen uprake
is high 1 hypertrophicd hearts without coronary sclerosis, and it is
now tealized that oxdation can occur by electron gransfer along long
molecules so that the calcularions on diffusion o fibers have become
less significant (6) Today we can assume that chrome heart fznlur? due
to anoxia occurs only with coronary occlusion or with anemia of
extreme severity. Acute anovia due to sschemia ot anemia can develop
swifily m shock and hemorrhage, aod may precipinate failuse of the
myocardium a0d scute pulmonary edema Bur, in suiking contrast 1o
these types of fulure 15 the excreme infrequency of chronie myocardial
failure with congestve phenomiena in younger subjects with fatal coro-
nary scleroms This was evident 1n the hundeeds of soldiers under thiry-
five years of age, Whose deaths wete studied 2t the Army Insutute of
Pathology (7), and also m young cmlians (8) Even with myocandual
necrosis and ischemia, heart farlure 15 most uncommon before the age of
forty. In the Iight of our present knowledge, myocardia) necrosis and
scarting, and cotonary wsufficiency, comrbute to the work of the
vemncles, cause pamn, canduc itregulanties, and rachycardia due 10
ppreh but coronary ar falure of the coronary bal
tohyperrrophy are not the direct causes of the fangabiliry of the ven-
tricular muscle which underhies myocsrdial faulure, Pain, not favigue,
15 the result of 15cherma n votunrary and m cardiac museles
. The falure of a heart which has Jost myocardsal effiency or the abil-
{5y 10 restore its molecular machunery rapidiy after each beat 1s therefore
hastened mare by acceferation than by other factars, while the rate of
evolution of symproms depends largely on the daily 1nrake of sodiam.
Symptoms also are aggravated by other snmub o salc rerention, the
most comunon bemg operative shock and premenstrual steroid stimula-
:mn of renal reabsorption of sodim The most readily demonstrable
nd easily correcred cause of myocardial fangabiliey are abrormal levels
T

of plasma and 3 defich of v luble vitammn: 3
aally thamune. Al the other m\ysés are vague and hyp::h:r:l;}rcl’)gt
some of them may be corrected, m parre by dignalis. The m‘rdmt
glocossdes may also reverse the ) effeces on the heart of ugh or Jow
potasswm levels, and of excessive dosage of desotyeorucosterone.
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From this schematic description of heart faiture, the general pringi-
ples of therapy are obvious, Therapy is most successlully dircered 2t
the phenomena due to attempred restoration of optimal outpuc—that is,
the increase mn blood volume and the retention of sodium. Blecding,
when hemoglobin levels are over 12 g per cear, the liver large, and
the neck veins full, not only relieves the engorged venous system but
may acrually lead to g nise i cardiac outpur, by relieving overdilation
and rachycardia. Sodium deplenion, by dier, mercury, and cationic
exchange resms, not only relieves pulmonary edema but by reducing
myocardial edema may smprove the function of the vemrieles. Thus,
therapy directed at secondary phenomena which cause disteess may
actually improve cordae fonction

Slowng the hears 15 of urmost imporance, and thas may occur mercly
through rlicf of fright, when the patient has confidence thar the doctor
is comperent and diigent, This deceleration 1s further helped by judicious
use of a narconc for a day or so, and scdation thereafter. bt may be
greatly assisted by a cool oxygen tent, if the patient 1s not alarmed ot
annoyed by this device. A decrease 1n symptoms 15 often effected by
proper posture alone Often in urgent dyspaea the most restful posture
15 siteng 1 the armchar before a table prled with pillows on which the
patient can lean forward In some cases 2n ordwary bed, wieh the head
end tired up so the whole bed 15 ar 300, 1s more comfortable than the
propped-up Garch bed On a nilred bed the pattent can roli on hus side,
or be prose.

Digutabis 15 of greatest value when it stows the ventricles 1n sunicalat
fibnllation, bur 1t may have striking cffcets on failure with regular
rhythn When given with mercary, dict, sedation, etc , its vatue cannot
be assayed, shen given after some days on 2 constant cegime 1t €auses
no strikang benefir m more than half these cases, bue in about onc-thxr.d
of the older pauients, and occasionally even m children, it cleardy B

ponsible for great smy n myocardial vigor and schef of
symptoms. It should always be gven wnul & gives a good resulr, of
causes coupled rhythm, nausca, or other tovic signs These latter may
be caused by half the average digralizmg dose (1.5 mg dignowm, 1.5
gm folia, 0.6 mg ouaban), or may not eccyr unal twice this dosc has
been given within 36 hours for digitabis or 6 hours for srroph.mxhu;
Perhaps the highest prasc a docror can hope to descrve 1s the remal
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my father made of a colleague he greatly admired. “He knows how to
use digrabis.” . N

Correction of anemia is an Urgent Marter In some patients with hqn
fulure and can safely be done with pached red cells . Starvation, dlf'
gused as Karrell diet, 15 usually wrong, although weight rcducnf:n is
frequently necessary as a long-teem project. The cardiac needs 3 simple
sold dier, with small frequent feedmgs and rmmmal salt intake as long
asblood urea is below. 80 mg per cent. Five milligrams a day of thiamine
15 adequate for correction of benber heary discase, and 1s a simple sup~
Pesnent needed by many cardiacs, so that we use w routmely 1f there
is good reason to suspect Graves” disease, suable tests and antithyroid
therapy should be urdertaben at once. G and basal boll
do not il 1 the first few days of therapy, but radioacuve isorope
stadies and protem-bovnd rodine determunation should not be deferred
unnl after therapy 15 srarted Al tests are more sausfacrory if complered
before antahyrond drugs ate gien Tt may, however, be unwise to defer
therapy in some cases where the diagnosts 1s strongly suspected and
heare falure 1s not easily brought under control,

The management of heart falure, which 5o often begins as an emes-
geney, usually develops wto @ pevmanent way of hie. In the future,
surgery will be more often underraken to lessen the load on the hearr and
bypothyroidism will eventually be induced in cases ot otherwise hield in
cheek The fundamental clements for effective control of heart farlure
are 2 hopefal, well-mstructed pavient and a physican who apprectates
the hazards of overcautious regimes, the value of mameaining good
macale and bodily fimess, and the need for exhausting simple and revers-

1ble forms of therapy before coasdering those which are costly, hazard-
ous, and wreversible
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Chaprer 13

THE TREATMENT OF SOME BACTERIAL
INFECTIONS OF THE HEART
AND PERICARDIUM*

Thomas H. Hunter

URULENT PERICARDITIS 15 rapudly becoming a medical euri~

omty Infections of the pencardim by pyogenic organisms used
to be a fairly common accompani of severe Hed 1mfe
such 33 prcurococeus preumonia, staphylococeus seprieemia, memingo-
odceermia, and the fike With the moder antibione armamentanum at
hand patients fately progress to the srage of sepsis where this comphica-
tom amses {uis g that in the § for the past
five years [ was unable to fiod 2 single article in English devored to the
subject, and for this reason as well as because of my own lack of first-
band expenience 1n treaung panents with purulent pericardurs, § should
hhe to lymt my remarks to 3 few general suggestions.

The therapeune problem appears 1o be analogous to that m empyema
with the addwtional hazards of cardiie tamponade and the later develop-
mens of constnicaive perrcarditss. The first powt of sirailariey 1s that the
duagnosis can onfy be made with a necdle. Secondly, as empyema,
systemsc antbiotics alone cannot be counted on to handle purulent pen-
canditis Local nsulfation of appropnate antibioties 15 indicated smce
deffusion of adequate concentranons from the blood stream nto serous
cavities 15 problemancal Acrually there ate no adequate dara thar § hnow

of on the fevels of anubiotics 1 pericardial flud after parenteral adoin-
istrauon.

Should signs of uncontrolled wnfection or persistent cardiac compres-
. Presented Ocrober 19, 1951, at the 24th Graduare F New'
\T"}'h Academy of Medicine radase Rormghe of The New
s iyestigation was supported by 2 research i
lnstitutes og Healdy, Publc H?;\‘:h Sﬂ'\!c: g feom the Nagoral

‘¢ antibiotics used were generously supplied by Charfes Pf
penuiiast by Schanley L avormenes, ey - Y C e Bfitet a0d Co. and
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sion continue n spite of repeated paracenteses, the presence of loculation
with the formation of adhestons between the parictal and visceral layers
of the pericardium must be suspected and appropriate measutes insti~
ruted”Tlfe choice lies between surgtcal draimage and “medical debride-
ment” with enzymes. Although I would hesitate to recommend it as an
established procedure, the use of streptokinase and streprodornase would
seem logreal as a less drastic measure to be tried before resorting t
surgery. These enzymes were instilled 1n the pericardium of one patient
1n Barnes Hosprtal this year without serious untoward effects.

The remaming ume will be devored to a discussion of some aspects of
the treatment of bactenal endocarditis, which is snll by far the most
unportant bacterial infecuion mvolving the cardiac structures both in
terms of frequency of oceurrence and gravity of prognosis. During the
past decade, 1t 1s true, the outlook in this discase has been rransformed
from one of urter hopelessness to one m whtch cure 1s to be cxpectsd as
the aneral rule. Recently there has been a tendency on the part of some
physicians to consider the subject a closed book, and te think that alt
one has to do m treatng rthe infection is give several million units of
pemicillin a day for a few weeks. Whle such an attitude 1s understand-
able, 1t 15 also somewhat dangerous when one remembers that the mor-
tality m bacterial endocarditis sull averages around 30 per cent and has
not been reduced appreciably i the past five years mn spite of the appear-
ance of several new anuibiotics on the marker during that time. Further-
more | cannot help being somewhat alarmed by the fact that three of the
Jast four patients I have seen with the discase have had mfections caused
by an enterococcus. During the past year and a half only five patients
harboring penicillin-sensitive streprococet have come under my cate. 1
am sure that my experience does not reflect the true meidence of peni-
cillin-resistant infections, but there 1s other evidence that resistant non-
hemolytic streptococer are probably on the increase and account for
somewhere around 20 per cent of cases (1) now rather than the 4 or 5
per cent encountered six years ago The situation with staphylococcal
1afections 15 even worse mn that two-thirds of the strains 1solated from a
recently published series of cases (1) were found to be resistant to

penicillin.
These facts make it clear that now more than ever before rule-of-

thumb therapy with penicillin alone 15 hazardous and that every reason-
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able effore should be made to establish an criotogic diagnosis together
with 2 carefil evaluation of the infecting orgarism as to its resistance of
sensitrvity to the availsble antbiotics

This leads us o the next real reason for discussing bactenal endo-
ctrdicis ac ehis tme How 15 one to decde which anumicrobuat agent, or
what combsnation of therm, to use in a given siwvanon? .

With this problem in mung 1 should lihe to tumn 1o 2 consideration of
some of the fundamental mechanisms which scem to be involved in the
cure of this disease, and to review some experimental work designed o
have bearing on the therapy of this imfecuon

Bacrenal endocardstis presents, 1 think, a rather special therapeutic
problern which sets it apart from many of the other bacterial infections
of man, 1n that 1t seems to be necessary with chemotherapeutic agents to
etadicate the last suablle arganssms from the vegetatons without expect=
g much help from the narural and acqured defense mechamsms of the
bost OF course the Jatter are important 1n the recovery of the pautent
ad m holding the infecnion m check, but by themseives they almost
teer suceeed in completely ebminatng the bacrena.

Futhermore [ thuah 1t 15 safe to say that chmeal expenence to date
saggests strongly that admmustranion of a bactenostane drug even for
many weeks 1 usually not ful Sp Uy the sulf
2ureomtyenn, chloramphenicol, and terramycin are all pumanly bacreno-
stane for the nonhemolymic streptococet and all have been disapponting
m the tecatmens of bacrenal endocardinss (2, 3, 4, 5, 6, 7, 8, 9, 10) al-
though the data on the fast two are sull scanty

In contrast to the osual sensitvity tests whach measure only the con-
eentranon of antbiotics recessaty to produce inhibition of she growth
of a small snoculum of orgasusms, generally uader optinal condwions for
the action of anubiotics, che studies reported here are designed to test
aabyoties under condinens less favarable to therr action

The typat m viteo ? of the €110 various annb
2e seen 1n Figuses 37-41. In these figures, as in subsequent ones to be
:‘:r‘::’f’{l" plotred the results of some exprrrenns Shath et tned

b St:d?c:s A hdf‘%e mocolem of an os crmght culture of the orgamsm
broth s ‘h“\;ﬂﬁx; l ed €0 2 senies of flasks contamng, 5O ml of nuxnent.
orgm s concentrauon of between ‘)0 and 100 muthon viable

iiter was obtained. Antbrotics were added at the ume
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of inoculation to all flasks except the control to give the concentrations
noted on the charts. At various mtervals thercafter counts of the numbers
of viable organisms remaining were made by means of poured agar plates
which were counted finally after 72 hours incubation Penicillimase was
added whenever 0.01 u/ml or more of penicillin was present. Counts
marked zero were usually checked by subculturing in broth and streak-
EFFECT OF PENICILLIN AND AUREOMYCN
ENTERQCOCCUS Lw ON GROWING ORGANISMS

P QQUICEC)Y TRYPTOSE PHOSPHATE BROTH
A€20u3EC)

[—~204G/CC AUREOMYCIN ADDED TWICE DA'LY—;

PCLIOUICC)

A 36-48uG/CC

KEY

10
® conTROL
) 1 geENIcLLIN
. UREOMYCIN
o 24-32urcc ® PENICILLIN AND AUREOMYCIN

o ADDITION OF PENICILLIN OR
10° AUREOMYCIN AS INDICATED

DETERMINATION QF PENICILLIN OR
AUREOMYCIN CONCENTRATIONS AS INDICATED

NO OF VIABLE BACTERIA PER CC

3 5 7
DAYS AFTER INOCULATION
Figure 37

ing on blood agar plates Anubionies were added to the flasks except 1n
the experiments shown i Fagores 37 and 38 ar mrervals as follows
Penicillin 20 per cent of the orignal concentration per day, aurcomycin
100 per cent twice 2 day, and terramycimn 30 per cene per day, so as t0
restore the antbiotic levels approximarely to their angmnal values at
intervals.

These quanticative studies of the effects of some antibotics on entero-
cocei are patticulatly interestng when correlated with chimcal experi-
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ence and with the tesults of the usual sensitiviey tests, which measure

anly the bacteriostatic effect of drugs. 1f ene were gurded by snhibiton

rests the drug chosen would usually be aurcomycin, terramyeing oF

chloramghencod, for s lede 3s 1 ticrogram per cuble centimerer of one

sranother of them mbizs the grow th of most emerocorsi, Yer whea we
tiouIcey €SFECT OF PENKILUIN AND STREPTOMYCN
304CC ON GROWING ORGANISMS
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f;ﬂow what happens o 2 bactersal populanion exposed to 10 of 20 pimes
“: tniubieng concertsavion of onc of these agents (Figures 37, 39, 41)
sce that many: vigble organisms persist for wecks 1f a sumlar effect

£us i
° clnl's m the vegetanon 1t is then not surprising that a good many
ts relapse after treatment with these static drngs. y e

Pernct
erucilhin (Frgures 37 and 38) 1n tis case does somewhat betrer at

£ .
e:lr.:ux ::‘ 2 concentration of 10 untes per cubic centimeter, which would
pord roughly with the average blood evel artamed by gving 10
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oillion umues 2 day, one still does not kill all of the bacteria, This finding
o vum fits with the climcal experience that massive doses of penieitlin
dlone frequently fail to cure enterococcal endocarditis {3).

The effect of streptomyan is interestng and mysterious. By itself
(Figure 38) no effect whatever on the gm\\th curve of this organism is
demonstrated, yet when streptomycin 15 2dded to pemcillin (Figures 38

Enterococeus (N)
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> g Pen (100) + S'mycin(104g)
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Figure 41

‘:f “‘\“) ; rapid and complete hilling of the whole bactenal populanon
- ,:v g:nr::i\e chnical results with this combination of drugs fit with
Tt 4 nsmb ings. Several reports from this country and from Eng-
smm;n: : are 1n agreement as to the cffecuveness of pemeillin a:d
o é :( ;? ::: Ernt majonity of cases of enterococcal endocarditts
MbInITg

A g pemc‘:\h:r\\:;r one flf!hc bacteriostatic agents

ae ¢ Y
bm:‘ﬂl"::“:n:?bmuse chimcal data are largely lacking In vitro 1t has
+8,9, 10) that these agents all seem to interfere with the

s difficult to evalu-
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carly bactericidal effect of penicillin (Figures 37 and 39), but in some
instances the bacterial population may eventually be markedly reduced.
Success with this type of combination has been reported (t1), but for
the time being at least it scems advisable to use penicillin and strepto-
mycin as the first choice.

From obscrvation on the in vitro cffects of adding strepromycin to
agreomycm or terramycm (Figures 39 and 40) one would be encouraged

TR
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R
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e Ay L

Figure 42

to try these combinations chinically  Personally 1 have not done so. in
part because Dr. Geracer at the Mayo Chinic informs me that he has had
a number of chinical fatlures using rerramycin and streptomycin. Cates
(6) also reports success with pemctllin and strepromycin after failure
with aurcomycin and streptomycm.

It 1s notoriously dangerous to attempt to predict the chntcal effective-
ness of an agent from i vitro observations alonc, but so far as we have
gone the correlation of in vitro bactericidal action with resules im paticnts
is fairly good. Discrepancics exist, however, and in an attempt to cluci-
date other mechamsms which might have bearing on the problem, we
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have made some in viteo studies of the effects of antitotics on infected
blood clots. .

The method 1 briefly as follows® § c¢ of an overnight culture of the
organism 1 added to a series of 25 silicone-coated stente Wassermann
cuhes to exch of w hich 15 then added 2 ce of freshly drawn husnan blood.
“The rubes are then mixed and aflowed to ¢lot. When the clots have
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Figure 43

retacted shey are removed aseptically and wransferred vo rubes of nu-
went broth. Thus a series of mfected clots approximating the size of 2
Varge vegeratton and wesghing about 1 gr s obramed. These are then
ineubared, and antibrotics are added to the sarrounding media at sneervals
25 10 the previous experiments. The clots matatam their ntegrity for
penods of weeks under these conditions, gad mdmdeat clots from a
5:2:: all exposed 1 the fame fashion can be removed 4t itervals,
g“;g::{“a:\hd gau‘:;d asepucally. The numbers of vvxablc orgamsms per
Tt erermuned, and a growth or halling curve constructed

Provides a measuse of he sbility of anbionces to elminate organ-
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isms from a ridus of fibrin and blood cells. Figure 42 shows a low power
photomicrograph of such a clot srained by the Gram-Weigert technique.
The clot had been incubated for seven days, and aurcomycmn 20 micro-
grams per milliliter had been added twice daily to the surrounding
medium, One can sce masses of bacteri in the depths as well as a fewin
the surface layer of fibrin 1n spitc of the fact thar the organism is sensitive

Strep viridans (M.)
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by inhibition test to about 1 § micrograms per milliliter of the drug. The
viable count on this particular clot was 7 mullion orgamsms per gram.

Figure 41 shows the marked protective cffect of the clot w hich we
have found for an enterococcus. One sces that although the organisms
can be eliminated from hiquid media 1n six days by penscillin and strep-
tomycin, large numbers of wiable organisms remain for as long as four
weeks in the clots. The pauent from whom this organism was recovered
was cured by a six weeks' course of pentciliin and streptomycin, how-

ever, which suggests that enterococcr can be more readily ehiminated
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from patients” vegenations than from clots i vitro at least under the
condycions of this expenment.

Sq far we have considered only the encerocoeci, and 1 think 1t 1s
justifiable to stress nf caused by these org because of their
refracorimess to the ustal forms of therapy- Before feaving this subjeet
it shoul be mennoned that oceasianal successes have been seported using
truly heroie doses of penicillin alone Jas tugh as 120 million units 3 day
(13] or 1 a few instances the combmation of pemcillin wath bacweraein
)]

Neu I should hike ro present some dara on ordinary pensesliin-sensitive
sereptococes of the wiridans vaniety with the following problems specifi-
cally 1n muind. What accounts for the occasional failure of pemaitiin
thetapy 1 3 pasient harboring 2 *'sensiuve” arganusm? Does the addition
of streptomyem to pemetilin offer any promuse 1n rreanng this rype of
fection® What type of action do the antibionics singly and mn vanous
corehanatrons have on Streptococens vindans®

TnFigure 43 we see the response of a typical pemicithn-sensitve stram.
Ity hafled n 2 few days by perucithn alone when grown n hquid madba
and sursves only for abour 1 weeh 1 clots. The addinon of strepro-
myem docs rac speed wp the death of the erganisms apprectably. On the
other hand Figure 44 demonstrates that penscillin 1s nor rapudly lethal for
alt strains even at a concentration of 20 u/ml By whibinion tests thys
orgausm s a3 seastpve to pemaitim as the first but it s Willed much more
slowly Funth the addinon of o i dus ease greatly
enhances the bactenadal activiy of peraelin 1 2 fashion stmilar to
that chservad for the enterococc: Dara on blood clots wsing these two
organisms (Figures 43 and 45) demonstrate several powts T the firse

T:t‘e penicrllin and pemcatlin with strepromycin are acnvel y bactenieidat
Ihc ots, but the Jarter afford some protection to the organisms and exrend

¢ tine e k
St te;csszry for total kdllag of the bacteria two or more fold.
ool € stram vanaton noted 1 hiqud media is sall apparent but
30 stking i the clot expenments Nevertheless 1 ¢very case perr-

allmand steepcomy
yen together are at beast as eflectve as pensail
and often more rapidly and comy s

pletely so (Figure 46). Thirdly, 1n Fig-

:: 35 ‘x;' €an be seen that a ugh of pemaillin xs)“ fi “3
\xq;.cd: :;twc than 3 moderate one m stenibizing the clot, whereas IJn
media (Figure ) the same orgamsm 15 kalled juse as quickly by 2
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units as by 20 units of penicillin. Incidentally these strains of Streptocoe-
cus viridans were recovered from a group of § paticnts, all of whom have
been cured by a course of 2.5 million units of penicillin together with
2.0 gm of strepromyein daily for ten days. These organisms ate all
intubited in vitro by 0.1 unit of penicillin or less.

The in vitro effects of aurcomycin and rerramycin on penicillin-
sensitive serains are shown in Figures 47, 48, 49. In liquid meda a bac-
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teniadal action is sometimes apparent (Figure 49), but bacteriostasts 1s
the rule. The addition of streptomycin under these conditions usually
results 1n rapid hilling, agan 1n spite of the fact that strepromycin by
islf 1s usually ineffective. However, when the combmations of terra-
mycin or aurcomycin with streptomyein are tried on infected clots, the
results are disappontng. Although aurcomycin and strepromyemn oc-
casionally sterihize (Figure 43), the cffects are usually those shown n
Figure 50 where a marked protection of the organisms 1s apparent. Chni-
cal data concerning the effectiveness of these combiations m patients
arc so scanty as to be of no great help at present, although a few failures
with terramyein and streptomycin have already been alluded to.
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The mechanisms whereby organisms are protected in clots against
various antibtoties in varying degrees have not yet been clucidated, bue
several possibilitics come to mind. Vanable diffusion mto fibnn or
chemical interactions with fibrin may play a role. A number of organtsms
are seen to be located incracellatasly both 1 human vegetations and in
mfccted clots, and 1t is posstble that these sntracellular bacteria may be
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prorecwd against some anttbiotics and not others Lastly it 1s known that
the metabolic and reproductive activity of bacterna influences very
strikingly therr susceptibihiry to antibactenial agents, rapidly multiplyng
argamsms being, in general, more suscepuble and resting organisms 1¢-
sistant. This is notoriously true of pemcillin and in our hands 15 also truc
of other antibiotics. We have been unable to demonsteate total Talling of
resting populations of nonhemolytic streptococer by any antibiotic of
combination of them which we have tried. It is not unreasonable to sup-
pose that, 1n somc areas of a vegetation ar clot, orgamsms may bema
state of maximum population density and hence in a remporary sefractory

state.
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The practical implications of these observations and speculations ase
drfficult to summarize. Perhaps the most importaat point to cmphasize is
that as new antibiotics come along, and many more undoubtedly will,
their proper role in the treatment of bacterial endocarditis cannot be
predicted by simply considenng cheir inhibiory activity for nonhemo-
Iytic streprococci. The final court of appeal 1s of course clinical triah,
but already the numbers of antitnonics and combinations thereof are so
laege as to force us 1o be selecuve in deciding what to try in paticnts.
The studies reported herein are designed to give some leads as to possible
means of selecting antibuotics which havea reasonable chance of proving
effective 1n this infection.

Presenr evidence strongly favors the use of pemaihn and strepto-
mycin combined 1 enteracaccal endacarditts. Opumal dosage and dura-
tion of treatment are not clearly defined, however, 10 miflion units of
peniaillin together with 2 gm of strepromycin daly for six wechs is
probably the best current estimate. Although this regimen carrics & )j'lgh
nisk of damage to the vestibular apparatus, we feet that in such a serous
nfection taking this nisk s justifiable.

In cndocarditis caused by penicillin-sensitive orgamsms the ovid
1s not sa clear-cut, but if it turns out that cure can be effected rcguhrl)’
in from ten days to two weeks using combmed penteilhin and strepto-
myam, the risk of encountening strepromyein tovaity will be soall and
the advantages over long courses of percillin conssderable.

ence
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Chapter 15

HUMORAL AND VASOMOTOR CONTROLS
OF BLOOD VESSELS*

Iryine H, Paget

AT THE CORE of the problems of hypertension and shock lie the
mechamsms which control the caliber of hlood vesscls. Whether
blood pressure wilt be tigh or low depends on the content and caliber of
arterics and areeroles and on therr response to vasoconstrictor and
vasodilator stimuli.

The three major groups of controls are the nervous system, the
humoral system, and the system controllng the abulity of the blood ves-
sels to respond to stimulation. The first two stimulare pressor or depres-
sor responscs, bue the latter regulates the degree to which response will
aceur. The total eoffcct will depend, then, on the hind and incensity of
the stimujus and on the responsiveness of the blood vessels.

The nervous control of blood vessels 15 a complex subject, grown so
rapidiy that it 1s too much to undertake 1n 2 himtred discussion, § shall,
instead, summarize contemporary knowledge of the humorat substances
and forces which control reactviey

Humoral Control

Al that 15 currently known s thae a vatiety of pressor, depressor,
vasoconstricror, and vasoditaror substances exist 1n many organs. The
part they play is little understood. They must be 1n some sort of equilib-
rium, just as are substances mameaining respiration.

Few of them have been charactenized chemically and methods for
their quannitative determmation are inadequate. For the most part, it
has been common custom to give a physiological phenomenon or 2

¢ Presented October 16, 1951, ot the 24th Graduate Forenight of The New
‘ork demy of Medicme, .
“’frén‘:‘ncxadf: li{cscml\ Duision of the Cleveland Chne T'oundation, and the
Frank L. Buats Educational Institute, Cleveland, Ohio
a8
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Pramacoogically active extract 2 name snd relax on the hypnotic effect
thereof for some years. 1 refer, for cxample, to “urohypettensin,”
“sagotomn,” and the kike. But there are nomable exeepnons. Who would
have Yelieved five yiears ago that the noradrenatine of the pt t

26 the beszodionanes of the chemist would be part of the common and
fecessary hnowledge of the average intermst?

Tnsofar as posstble, the pressor and vasoconstrictor substances are
dmided according to therr probable otigin.

1. Renal onigin Rewn, a proteolyne enzyme, contamed m tubular
cells, acts on a protewn, b: to yield or hyper-
temsn, The substeate 15 3 globulin which onginates in the liver. The bese
exdence indicates that angiotontn 15 2 peptide, thaugh this is tot estab-
lished with cercamnty, So far, only biological assay of ws pressor action
1s available for 1ts semquantiranve deterrminanon. Despite valiant efforts
b\ Tagmm, quantanive methods for renm, based on angivtomn forma-
tion, are sull madequate They do not gwve any clear wdca of how 1t
functions in the normal control of the caliber of the vascular system. les

tschnon has very nearly been accomphshed by Haas and Goldblatt in
Califorrua

Renn when wjected o d acetate-treated rats
catses 3 syndrome lihe echmpsia {Masson, Corcoran and Page (1)} It
bas many other interestng physiological properues, such as channg
d\“rfs»s. protesnuria, and watnuresis (2) lis severa) properuies scem co
qualify it a5 2 presumptive central partcipant in vascular discase This

VIS 05 shaced by our able colleagues 1 South Amenca, Drs. Braun-
Menendez and Faserola

. T my opimion there 1s more evidence in favor of the possitulity that
rmlx; and thecefore angioronin, 13 an tegral part of the mechamsm of
‘E:\Mh)wr!t;nswn than any other curtently snpgested substance. it
ot be overlooked that Grollman and Drury |
contrary: opiaion " oy cpeely. are o
Mﬁ}; hs;usmm\\ pressor prineiple” of my colleagues, Helmer, Shipley
- m:)-n 5‘?“" (3}, has properuies that suggest 1t has close relation but
N, unt}h\mrh reaun. e acts almost exclusively in nepbrectonuzed ang
thx;\u““ :“h 't gives 4 greatly prolonged nise n blood pressure.
— <t enzymancally to produce an effector substance 15 not
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Vasoexcitor material (V.E.M.) of Shorr and Zweifach (4) is demon-
strated in plasma by determination of the reactivity of metarterioles to
topically applied adrenaline and the effect thereon of the injected test
plasma. V.E.M. increascs sensitivity to the adrenaline. Whether V.EAL
affects the gencral circulation, and 1n what manner, remains to be deter-
mined. In cerrain phases of hypertension, plasma V.EM. concentration
seems to be greatly elevared.

A varicty of pressor amines, e.g., hydrovytyramine, have been thought
to be liberated from the kidneys in greater than normal amounts as 2
result of inadequate dearinacion. This thesis remains unproved and is
currently recewving htre attention.

The problem thus remains entirely fluid, and current evidence docs not
justify ruling these substances mn or our, either in the maintenance of
normal blood pressure or in hypertension.

Pherentasm, presumed to be of renal origin, 1s a substance separated
from plasma by Schroeder and Olsen (). They believe it to be an amine.
I¢ scems to be present m mcreased amounts n a few normorensives, and
m pracucally all hypertensives’ blood with the exception of those of
“neurogerc” and “endacrine” onigin and those with malignant hyper-
tension. Schroeder finds large quantities only when some renal impair-
ment 1s present A good correlation between the presence of V.EM.
as demonstrated on the rar’s mesoappendix, and the presence of hyper-
tension and the occurrence of pherencasin was found If it is truc, 35
stated unequivocally by Schroeder (6), that the blood of patients with
severc hypcreension contams large quanuties of pherentasin and 3
V.EM.-like material as well, the problem of renal humoral agents 15 08
the way to solution

2, Adrenal orsgin. The story of adrenaline and noradrenahine mn e~
lationship to nerve eransmusston and the pheochromocytoma has been
told so often it needs no repetitton here The names of von Euler and
Holtz. and later Goldenberg, Burn, Tullar, and Holton have become
associated indissolubly with this story Some confusion exists in the usc
of the so-called “blocking agents™ such as benzodioxane and tetracthyl-
ammonium as dragnostic tools, chiefly, I think, because cnough attention
has not been paid to their pharmacology. Under several circumstances,
these agents may become pressor rather than exhibre therr more usual

depressor action.
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Desowyeorncosterone-hibe corucoids are beheved, chiefly as the re-
sult of the fine expermental wotk by Selye (7). 1o be intimarely con-
cemed mn the producnion of vascular discase and hypertension. The
idence s hargely fromthe effects of D.C.AL nselfon uninephrectorzed
ans fod saline. Whether this applies to man remains to be investigated,
04 we shall awast the results of work such as 15 being conducred by
Dr, George Perera m New York and by Dr A. C. Corcoran in oot
chme, with great mrerest,

Tt seems unlikely that sterords are dicectly peessor, rather their action
on the blood vessels s mdirect. It remamns to be proved whether the
overproduction of DC Alike sterods 15 primanly responsible for
‘Tuman esseatral hypertension, of 1f not primary, to what secondary de-
gree they ate uwolved The hyp of Custiag's synd with
its adeenat cortical hyperfuncrion may have such a mechanism

3. Cerebral ongin Srudy of the effect of humoral agents on the vaso-
moror conteet of the bran and the tiberarion of vasoacuve substanice
from Bram and nerve has been but hittle prosecuted. Pressor substances
hase been detected m casternal fluid and brain substance of human beings
1 ammals, bt their chemical natore has not been elucidated. Paeressin
sees 10 appear irregularly in cerebrospinal flwd

}( 15 of interest thar stimulation of the cenrral end of the cut vagus or
sciatic neeve causes the hberation of a substance which can be trans-
Serred from the bram of the sumulated ammal nto a recipient, elicing a
Lrge and profonged nise in artenal pressure. The pialrary gland does
et scem to be 1ts source. Agents whch reverse the pressor action of
roradrenaline and adrenaline do not do so with this substance. Hydra-
20 phrhalazine has been found to bock ars aczron (8).

; Abour fifrecn years ago | separated 2 bughly actve pressor substance
7om crsterat and occasiomally from spmal fluds (9) Absence of the
}S’:‘“‘;‘W gland did not prevent 1ts appearance It was alcohol- and water-
m:'“e“‘:i ‘::(ogﬂu&;l‘z:: “iilx;r:cl;rcr Sﬁmc of us ph:nvn:ncolog\ca'l prop-
ot avetll o i ut others differed. Noradrenaline was
ey o t the fime 50 no compartson was made. Rasb (10) has
Omnr:),::; “l’:smtz\tﬁod: evidence that a sympathomimenie substance
gmcand g ’P;m ¢:1 e buman and ammal bram 1t has some chromo-
woradrengme, agic properties tn common with both adrenaline and
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Figure 51. Lffect of S-hydroxytrypramine injected mtravenously mto 2 dog
with spinal cord cut at G, No ancsthesia, (1) S-hydraxytry pramine 100 &g,
(2) noradrenaline; (3) mfuston of Poscoline § mg/kg plus Benodane 3 mg/kg
started, (4) noradrenaline, (5) S-hydroxytryptamine.

Obviously it is impossible currently to evaluate any ctiologic signifi-
cance these substances mght have This docs not detract from the in-
triguing investigative approaches offered by the occurrence of these

materials.
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+ Uncertin For many years physiologists had known that when
blood clots 1t also becomes vasoconstrictor. They also knew that to per-
fuse organs successfully it was necessary to insert a pair of lungs in the
cireut Thus problem was not of great impott to us until we developed
2 rather elsborare modification of the simple Pissemsky ear perfusion
with the object of determining the vasoconstrictor properties of hyper-
tensive blood (11). We could never be sure how much vasoconstriction
mught be due to und b lation, so the v: wself
was studied,

Rappart, Green, and Page (12, 13) reported 1n 2 scrics of papers the
sofation, crystallization, partial structure, and some pharmacological
properties of the vasoconstrictor substance. The name scrotomn was
grven che indole amine. Rapport (14) suggested that the substance mighe
be 2 complex compound of equimolccular parts of creannine, sulfure
aad,and S-hydrovytrypeamine. This seems to have been confirmed by ws
synthesis by Hambin and Fischer (15). Dr. Hamlin Lindly sent me 60
mg of the synthetic matenal I proved to be slightly more active than
adrenaline a5 a vasoconstrictor 1n the perfused rabbue’s ear vessels
and about ten times less active than adeenaline as 2 pressor agent
when injected intravenously into cats and dogs This,
Properties, suggested that
ot denncal wich,
Figure 51,

There is hrtke known about the function of this substance. Since 1t 15
Uherzted when blood clots, presumably 1t 1s concemned with the pre-
veation of bleeding by causing the blood vessels to constrict down on
!rhc formung clor, Tc has some similarity to the pressor subsrance Iiberated
“om the brawn on afferent sumulanon,

Th]e Presence of adrenatine and noradrenal
muscle fsee Raah and
sbly 1n blood vessels n[:ng

among other
pharmacologically 3t was very similar to, of

the mawrally occurring serotomn as shown 1

\ike sub

in hearr
schkin (16) for excellent review] and pos-

have some significance, but currently 1t 35

4 S AN excessive and

W, irespecuve of coronary blood flow
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Depressor Substances

Depressor substances have for the most part been so poorly defined
that the names so hightheartedly conferred on them are almost wholly
ungustified. Almost nothag of their origin is known.

Histamsne occurs in nerve tissue, in white blood cells, plasma, and
possibly red cells. So far no evidence has appeared that an abnormaliry
of its merabolism exists in hypertension. Whether it aids in the main-
tenance of normal blood pressure 1s not known Adenylic acid and
adenosine arc both active depressor substances, but their association with
humoral control of hypertension has not been adequarcly studied.
Acetylcholine is familiar as the mediator of parasympatheuc nerve im-
pulses, and, hike the previous substances, has not been shown as yet 10
be concerned i the mechanism of hypertension. Probably its concem
with nerve transmussion, espectally 1n autonomic gangha, gives ira key
postton in control of vascular reactiviry, as we shall see later.

Vasodepressor materzal (V.D M.) has been idenufied as ferritin by.
Mazur and Shorr (19). V.D M 1s believed to depress the reactivity ot
blood vesscls of the rat’s mesoappendi¥ to adrenaline, to be signiﬁcnmly
reduced in some stages of hypertenston, and to be greatly clevared 10
shock. Fertitin has not been demnnstrated to affect blood pressure itself,
nor does 1t depress the reaction of the artertal pressure to injected
adrenaline or noradrenaline.

Carbon dioxide 1n some concentrations 1s @ pressor substance whie
others 15 2 depressor. Unless the conditions are carefully defined, it s
not possible to predict whether blood pressure will risc or fall on its
admymistration Betng constantly present, 1t would be expected to be 2
controlling force in the regulation of blood pressure.

Clearly, mvestgation of depressor substances has but begun It is haed
to believe they arc less important than pressor substances.

Vascular Reactivity
Substances believed to affect blood pressure by erther cardiac and/of
blood vesse! sumulation have been cursorily revicwed. The assumprion
is always implied that these organs respond n a umform fashion. The
smallest experience 11 the phystology laboratory shows this to be untrue.
Table Vil demonstrates average values for the responscs of normal dogs
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under pentobarbital anesthesia to standard doses of vasoactive drugs. The
grear spread 18 evident. We have studied the mechanisms of these
variaions in reactivity for a number of years, and it is to this problem
thit we wili now briefly rum.

Examples of the extremes of vascular reactivity occur in shock, where
« it exceptionally Jow along with hypotension; after denervation of
Hood vessels where it usually is excepuonally high, along with labile
hypestension, s tn paraplegua. It should, howeves, be emphasized from

TABLE VTL
Examples of the Range of Normal Reacnviry (in mm H) in Dogs

Lo Medurm Hgh
Adrenalime 4 30 72
Noradrenahne 20 73 118
Barum chlonde 0 21 &
TVE:\C —20 —~43 —60
Vetatrum 0 —~31 —63
Ande —26 —42 —61
Angrotoren 4 2 18

;i‘\: ouset that there is no direcr and obhgate refanonship between the
ght of arterial pressure and vascular reacuvity, Reflecnion on the

maltiphicrty of factors which control the height of blood pressure sndi-
cates why this must be rrue

Control of Vascular Reactivity

results geme. {es generally gruzed that sympath d
m.dmdm mcrc.zicd ceactivity of blood vesscls, a phenomenon extensively
iy d;;w; ) by Cannon and Rosenblueth There 15 no necd to re-
Rosmblucf}:o(zm as &t has already been done in masterly fastion by
Wy s 0) Thus toral dorsolumbar ganglionectomy results in 2
m‘,‘mg:s e e terease in blood pressure responses when such sub-
P, r:\(»mhm‘ noradrenaline, banum chlonde, and angotonn are
of orerat erously In dhe following studies, 1 shall refer 1o this type
¥ascular response of the ammal as 2 measure of vascular

waneny, Fortunately.
e e Anoxh:(:.)‘ for simphiciry, the heare and blood vessels often

1. A

Thece are n thewr reactivity changes
¢ ather ways
Pl gl ey ys of accomplishing much the same thing as sur-
g y Injection of hyl

chloride
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and hexamethonium are now widely familiar methods of eliciting gangli-
onic blockade. As we were able to show (21) after such blockade, reac-
uvity rises immeduately and greatly, just as i does several days after
ganglioncctomy, This suggests that changes n the humoral environment
of the auronomic ganglia can exere a profound cffect on the reactivity
of the cardiovascular system, a coneept almost wholly ignored 1a it
relationship to vascular regulation.

If blockade causes mereased reactwvity, then would sumulation of
autonomic ganglia decrease reactivity, and is sumulatton ever cltcited by
the wsual constituents of the body?

Westudied (22) this problem in curarized dogs breathing CO.. A mod-
crate or sharp fall in artcrial pressure occtrred, and almost immediately
fesponsivencss to stimulation by chemical agenes disappeared or was
sharply reduced. Ir was as though the gangha had suddenly ramed down
a shower of nhubtory impulses which bloched peripheral vascular re-
sponsiveness. Admimstrarion of tetracthyls during this period
rapudly, bue not wholly, restored responsiveness. But Jumbodorsal
ganglionectomy abolished altagedher the atulity of CO; to cause refrac-
tormess. It 1s for such reasons thar the gangha scem so 1mporgant a part
of the neurogenic component controllng vascular reacoviry.

Anather approach to the problem consists in section of the buffer
nerves, t.e., the carotd sinus and aorric depressor nerves, thus producing
neurogenic hiypertenston. A curious change i vascular responsiveness
occurs as a resuit §n normal and renal hypertensive ammals repeated
intravenous ad ration of tetracthyl chloride (TEAC)
tesults in progressively lesser falls in arreral pressure untl pressor re-
sponscs occur. In contrast, dogs with buffer nerves scenoned show hitde
or no tendency to reverse from depressor o pressor. Fach dosc of
TEAC 15 followed by a sharp fall n blood pressure, cach one like the
other. The same reaction pattern has been detecred 10 some hyperensive
patients as McCubbin and 1 found (23).

In essence, we have mrerpreted this phenomenon as a change 1n the
ability of TEAC o black sympathetic ganglia as a resule of lass of the
buffer nerves, It furnishes another example of the profound cffect cvra-
ganghenic control may have on the gangha themsclves and thus m-
directly on the reaction of the blood vessels.

We conclude that both the buffer nerves and CO,, among other -
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flucnces, may alrer autonomic gangha as indicated by changes sn the
response of the blood vessels. R

The bram also seems to contain chemoreceprars which may influence
the response of blood vessels (Taylor and Page) (24). Dogs were pre-
pared by isolating the cercbral esrculation completcly from the body but
feaving the nervous system intact, except for denervation of the catotd
smuses and bilaveral vagus seenon, The bram was perfused by a donor
dog Substances smjected exther into the donor dog or dircetly into the
anteral rreulation of the brain could act only through the central nervous
syttem of the recipient ammal.

Tayection of depressor substances such as histamine of acetyleholne
clicited nses 1n blood pressure contrastng with adeenaline and noradren-
aline, which produced falls. Thus, substances usually considesed pressor
became depressor and vice versa when they acted directly on the brawn.
We have, therefore, concluded that the bram contams a system of
chemoreceptors not hererofore descibed  The part they play in the
bv:.m“ regulanon of the response of the aircutanon to stmulation te-
mains to be determined,

The Frutld sinus and depressor nerves have an important mfluence on
Teactvity, bue purposely 1 omit discussion of them until their actions ase
Eﬂuch berter Laown and because they 2te now under active tsestigation
18 severat {aboratories.

There remams one mose well-defined component of the nervous cop-
#al of the blood vessels. Tt conusts of that outlymng, wricate, chermeal
fegudatory station, the myoneutal uncrion, and its control of responses
2{“‘:’;5‘;':;!;“”\1‘5::8 b'n'\:se receptors seem to be endowed with extraor-
AN > bue T shail consider only one as an example of how

¥ may be influenced to affect vaseular respanse.
“ilf;unxzx; Z;fcnzodmxanc, Dtxbcnammc‘ of Regine resules sn rapid 1n-
\version O(mas“'f?; ::rem\ ine _xéiponsc to depressor and the slow
ol e e renalime. This occurs whether the vessels have
cuons of nor But the response to substances such

g:\rgllt\xnmn, sodtum nitsoprusside, and barium chionide are unchanged.

oy Ii; }: ® l;pss\k\e o muence the vascdiar response 1n 3 Tughly spe-

immmo:;] Y substances which act at the myoneural yuncrion These

Ly us offer another pome where vascalar feactinry may be
¥ what axteutares 1 the blood.
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2. Hunoral. There are organs other than the nervous system that,
having no direct connecnions with the blood vessels compatable to
nerves, nevertheless influcnce their reactivity by humoral action. This
whole complex regularory system has not been recognized until very
recently and has been lirde studied.

Nine years ago we investigated the responsiveness of blood vesscls by
injecting a variety of chemicals during the course of hemorrhagie and
traumaue shock and later extended it to hypertensive animals (25, 26).
There was no doubr that as shock decpened, at first partial, then com-
plete, vascular refractoriness appearcd. Failure of blood vessels to re-
spond has seemed a cogent reason for the fasluce of recovery in terminat
shock. Indeed, to us st has remamned one of the key problems of shock
which has recerved no solution and refatively lintle invesugation.

(a) Lwver. Loss of this organ profoundly affects vascular reactivity
1n a fashion not unlike thar which develops as shock deepens. For several
hours after removal, 1t 1s normal, then despite treatment with whole
blood, glucose, and sale, reactivicy gradually 1s lost and arterial pressure
falls concomutantly (27). We have so far found no way to restore reac-
uvity or to prolong life. Whether the liver produces some substance viral
to the mechanism for vascular contraction or must remove some noxious
agent remams to be determined

(b) Kidneys It has been known for some tume thar bilareral nephrecs
tomy intensifies the pressor action of renin and angiotorun. Other suf)-
stances also may be augmented. There seems to be no direct refanonship
between the heightened reactiviry and the concentratton of retention
products As with the liver, it is nor clear whether the destructive o
excretory chemical functions of the kidneys are wvolved. Currently all
we can say 18 that when dogs are hept alive by peritoncal lavage or the
Kolff aruficial kidney, the herghtened responsiveness does hot appear
[Page and Kolff (28)]

(c) Adrenals. The extended studies on the effect of the adrenal glands
by many vestigators must be passed over with the statement that Joss
of the whole gland without replacement therapy gradually causes loss
of reacuvity. le 1s not of the degree seen after hepatecromy Complete
gestoration is achieved by trearment with cornical sreroids.

Although there 15 evidence to the contrary, we have not been able to
demonstrate any clear effect of mjected DCA on reactivity of normal
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or usinephrectomized-salt-treated dogs {Masson, Page, and Corcoran
29!

) ()d‘) Thyroud. Complete suppresston of thyroidal funcnion ir} normal
dogs sharply reduces vaseular reactwvity [Page and Mccul‘)b\n [¢U}]
which is only pastly restored by feedag large doses of thyx‘md pon der.
In both neurogenic and renal hypertensive dogs, athyrowdism is asso-
diated with only minor changes 1 Teactivity and no sigmficant decrease
miiood pressure, Lven slowing of pulse rate 1n newrogeme hypertensive
dogs, which occurred several months after suppression of thyrodal
furction, did not reduce artersal pressure.

16} Pitwstary. We studied vascular reactiity in dogs a number of
years beface and after hypophysectaray. The cesults showed no impres-
sive changes, Even when there hiad been accompanying diencephalic

infury followed by marked obesity, vascular reactwney fell off only
wodenately.

Artersal Hypertension

The response of the artennal pressure to a vanery of drugs actng on
differenc parts of the vasculat tree may be employed to determine the
atrasting mecharusms of chrome hypertension experimentally pro-
tuced 18 dogs The results in the types of hypertension studsed suggest
St the partern of response depends on the state of the extnnsic regu-
!mr)' mechanisms of the blood vessels rather than on ntrinsic change
W vascular museulature {Page and McCubbin (31)).

Contrasting with chromae expenmental vemal hypenension, greatly
nereased vasomotor function in chrome neurogemc hypertension causes
’:’Cf;;z"d peripheral resistance: Thus the response pattern to such drugs
i: . AC, the hydrogensted crgot alkalods, and hydrazino phthalszine
N ery dfferent m prumanily neurogenic hypertension from other non-

curegente vartettes. Some patients also show this differentiation, sug-
g(;mng prmacy of h Obwionsly, the purpose of

s method of study is €0 find response patrerns 1 prttents whuch car-

tespond wehy tho,
s¢ m grumals m which the mechanssm 15 known or
ascertunable, "

TEAC has been employ
ssoctates Beust and APs:’Cd 2 e scuducs by Feens and s

alh (32) to evaluate 1n panents the de f
g glce o
Ogene and humorat participation 1n blood pressure mamtenance 1n
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normal and toxemic pregnancy. The results, so far, suggest predomi-
nance of humoral contro} in toxemia.

The body faces an extraordinarily complex problem in the distribution
of blood according o need. It should not, therefore, be surprising that
complex systems of control are employed. To unravel this complex and
resynthesize it, the system must be areificially pulled apart and studied
as though the components were independent of one another, 2  condition
inconcervable in the whole ammal.

Conclusions

Substances which scem likely to be concerned in the control of caliber
of blood vessels are of renal, adrenal, and nervous origin, while a few
are of uncertain origin. The pressor agents are better characterized than
the depressor, but surcly the one group is no less important than the
other,

Integrated with the system of substances which cause pressor and
depressor effects are those which control reactivity of the blood vessels;
a highly complex system with widespread roots i the body. The nervous
system—espectally the ganglia, carotid sinuses, and cercbral
chemoreceptors—the liver, and kidneys play important parts in this
regularton. It 1s the nterplay of stumulaning and depressing forces acting
on blood vessels of changing responsiveness which determines blood
flow and pressure.

‘The relation of these mvestigations to chnical hypertension is some-
what obscure but that ultimately one will be demonstrated can hardly
be doubted. Enrichment of knowledge of the basic mechanisms control-
ling blood pressure and blood distribution must at least equal those lead-
ing to empirical ereatment of hypertenston.
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Chaprer 16

ENDOCRINE FACTORS IN
HYPERTENSION *

George A. Perera’

GRING THE LAST few yeats, among other new developments

in the hypertensive field, three topics have recerved an unusual
amount of study and publicaty, all related 10 some way to substances
elaborated by endocrne structures. And so T plan o talk abour the
psyche, stress, and sterods 1 relation to hypertensive vascular disease.
It 1 2 accepred fact that may exert profound
effects on the arrerial pressure, parucularly on the systolic level These
effects ate brought abour by increased cardiac action and vasomotor
modification, largely as a result of the hberanon of epinephrne. Not
only can environmental factors, fear, excitement, and repressed as well
3 expressed emotions rasse the blood pressure—m hypertensives even
mMore than normotensives—but 1t can be said with equal authority that
ther relief or removal may reduce levels to an extent as dramatse as that
produced by many of the more powerful drugs at our command  With-
out hesitation, one can seate that psychological nfluences are of major
:‘:\}\?ﬁﬂ;nce. and that apphcation of this hnowledge provides a means
dxs;‘;)’ many of the chmical manifestations of hypertensive vascular
canbe reversed readily Our problem s 1o decide whether special

euclogical or therapeunc sigmificance should be atrached to these estab-
lished facts

The;
The ﬁm 2re WO extreme atntudes tahen by some indiiduals i the field.
irse,

b, <hamponed primanily by psychiatnists, would have us beleve
‘¢ enure sequence of events 1n essential hypertension is imtiated

* Preseneed O 5

\o:k A“dtmscgbc)‘r“:;,v::l, ac the 24th Graduate Forrmght of The New
M study was sy
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by some antecedent emorional disturbance or charactenistic personaltry
pateern. The second, presented chiefly by nternists, would attribure the
whole process to an organic vascular disease, related perhaps to heredi-
tary factors, but with no contribution from the psychological sphere.
Some adhercnts of the former view have described a unigue pattern,
characterized by exaggerated dependent serivings, submissiveness cou-
pled with stubbornness, suppresston of hostifity, and so forth. But here
we step meo a lughly controversial field. The occastonal reality of such
patterns and the somewhar higher incidence of various forms of neurosis
1n association with hypertension cannot be denied. However, the number
of pattents studied 1s scarcely suffictent ro lend statistical validity to
such a corrclatron, and sunilar patterns have been porrmycd m other
condittons. Furthermore, 1t 1s difficult to avoid retrospective conclu-
stons, to remain objecuve, and to obtain sausfactory control studics when
dealing with the completities of human nature m a complex discase statc.

The position, that hypertensive disease has a psychosomatic com-
ponent, now has some expenimental support. Favoring the ewstence of
neural and antonomic mechanisms, activated by emotional factors, is the
observauon that noseptnephrine from the adrenal medulla 1s a pressor
substance, Stnee some pavients show a persistent residual hypertension
even after the removal of a pheochromocytoma, Goldenberg and his
associates (1) raise the question that frequent or prolonged secrenon of
adrenergic agents may set tnto action a self-perperuating process. Anew
obscrvation has been provided by Page and his colleagues (2) who
recently reported that the bram, on appropriate sumulation, can claborate
a pressof material.

On the other hand, the hereditary nature of esscnual hypertension
cannot be sgnored and has been utthzed as an argument againse 2 serictly
emotional basis for the discase. In addition, we have seen strihing changes
in cmotional reactivity appearing comcrdently with the onset of hyper-
rensive disease even without the patient’s know ledge of an clevared
blood pressure. This “‘emottonal decompensation™ may be restored at
ts by sympathecromy. Intensive psychotherapy wll lower the blood
pressure i esscntial hypertenston (as will rest, sedation, and many other
drugs and procedures), nevertheless, detailed study before and after
such trcatment has indicated lowermg of pressure ccilings rather than of
faqes—but no established effect, to my hnowledge, on the underlying
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dsesse or ts rate of progression. Admurtedly, these obscrvations do not
excude the possibiliry of antecedent psvehue rrauma, o the added pos-
shility thar repeated emotional cnises na sensitized subject result finally
e ersible organic sequence They do suggest, however, that no
ngid posinon 15 tenable at the present nme. Hyperrensive vascnlar
dsease inwolves multiple considetations, and perhaps muluple compo-
tents produce: 1w final chimeal and pathological picture We have no
tight to dismiss any approach which might prove framful. This problem
cannot be serrled wnedl 1t 15 approached with setenuific methods, with the
sme appreci, of physiol i bles, with the same cniical
walution and control studies as those employed 1 any other ficld of
rescarch effore. Only when these have been apphied will we have the
nght 1o take a defimite stand.

In modern medical parlance, the word “stress™ has replaced *stymu-
fus™ and n che munds of some has become synonymous with the adrenal
conte, Selye (3) has defined 1t 3s “a condsnon, due to funcrion or dam-
age. which causes extensive regions of the body to deviate from thewe
sormaf vesting state ™ It could be suggested, how ever, thar stress con-
smmss any change m the external or mnternal environment of suthicienr
magnitude to invoke a bodily alteration, 1.e , flashing a hight i the eye
with resulrany pupillary constriction  To Selye, after the major contribu-
wons of Claude Bernard and Walter Canron, belongs the commendable
credie for the more efaborate prerure of the response 1o siress—the
::\iml feaction—but he would have us believe thar nonspecific szress,
hi“;"z‘h adrenal cortieal parnicipation, may produce hypertensive vascu-

‘S’!::::‘\d many other disorders from tonsifhwuis to adipasiy
mcmmu;m}::fum 1n the etiology of essenual hvpertension® Several
s ™ d;::c‘:inﬁ?ned the observanion thar pathologreal changes
snmnh«;h s bz ke on PTCSS“:: e Y ahpropeate
Hood pressuce hae bc:; mc}‘:.‘:,dc;j o\lv,e\'zr. that chrome elevanoms of
damage 1 the ey o;m « only in the presence of added rena)
gt donsg of 1o ¢ admimisteation 'of excessive and wnphys:-

T preparations. Not only do pathological

changes

es after seress require hughly abnormal conditions, bur they have
. mm‘s sunrered 1t the exceptional arumal, not as & rule, and coatral
‘“‘ﬂ ometimes extbie these same pathological changes

€ Wy, it
ght of evidence pomts toward the Pitwtacy-adrenal aws only
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as an imporrant adjunct to the response of tissues. An excess of adrenal
cortical materials 1s not essentral for the response to steess, inasmuch a3
patients with Addison’s discase can develop hyperecasion, rheumatadd
arthrius, nephrosclerosts, and many other so-called discases of adapta-
tion, and even adrenalectomized antmals can be made hypertensive )
We have studied a patrent with both hypertensive vascular discase and
Addison’s discase, who also had drabetes mellitus and theumatoid ar-
thrns (5). On rwo separate occasions a high sodmm chloride intake
farled ro mochfy the blood pressure, On the other hand, when maintained
on constant small amounts of desoxycorticosterone daily, the blood
pressure rose with an tncreased mtake of sale and fell when the salt
dosage was reduced. Certainly an excess of adeenal cortical hormoncs
was not responstble for the restoration of the hypertenston in this
sitatton. As yet chere s no cvidence which establishes maladaprauon
to stress as a cause of discase It remams mercly an terestng and at-
tractive bit of theoretical speculation

Now ler s turn to the endocrine structures themselves. s there any
evidence thar their sccretions, and parecularly those of steroid com-
position, play a primary role i the ctiology of essennial hypertension®
We nced not consider the thyroid, pirathyroids, or gonads. Cushing's
syndrome has been observed in several patients with carcmoma of the
thymus, but this must be regarded as comerdence untl proven othcrwi.sc-
The Ieerature abounds with references of hypertension in assoctation
with diabetes, but when chimcal dara are reviewed, documentation ob-
ramned, and post-mortem materral studied, one can establish that the in-
cidence of true hypertenstve discase is only shghtly greater. The blood
pressure changes among diabetics are duc in large part 10 secondary
arreriosclerotic complications  Although the posterior prrustary clabo-
rates a pressor material, antidiurests appears fong before dosage 13 suffi-
cient to modify blood pressure, the absence of flud retention in hyper-
tenstve subjects leaves hitle need for consideranion of ehus area. And
finally, although hypophysccromy may have some effect on expert-
mental hypertension, we have been unable ta confirm the alleged relation-
ship betwecn acromegaly and hypertension and have found mmny n-
ances of cocustent hypopirustarism and hyperreasive duseasc.
Menuon has been made already of the adrenal medulla and 11s nor-
which can elevate the artertal renston through modification

st

epmcphrne,
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of penphenal resstance when administered 10 appropriare doses An
excess of circulating norepinephrine can be excluded as a cause for
Wypertensine vaseular dicease, both by direct analysis and the fact that
the benzodioane drugs F3i) 1o Jower Mood pressure in patients % sth this
dondes. Nevertheless, the possibility must still be enterrained thar
semtzation of bload vessels to normal amounts of norepmephrine could
zecouns for hypertension (1, 5. 6), and that we are not enndled 4s yet to
dhnvinare the adrenal meduaila from further conswderation.

The adrenal corsex entered the hypertensive story in 1897 wath the
first descriprion of pathological changes assncuated wath certam adrenal
nmors Many addittonat cvidences of a relationship have been provided
since that e (7). The hyps of Cachung’s synd the hy-
potension of Addison’s disease, and the frequent clevation of Liood
pressute n Addisomian panents tecated with maintenance doses of
desovyeorncosterone are all well-documented and accepred pbservanons,
Eaddion, the adrenal cortex has been imvolved in evpenmental studies
concerning the Ladney-derrved vasotropic principles, experimentat renat
hyperiension, pressor amuncs, norepinephrine senswvity, and many
‘:‘:xisiunhc;mre. adremal cortical chinges have been deseribed 1o
N, :f;c:[s Zc{t:‘ ;rqc‘:t’clsoz\;cp:::: Lnl:mkx»—of Interest 1 connection

c T
oc??:-:mfc‘:: vs:\s( eight years, together wich Dr Kermor Panes and
Sndve; undcm(\::““ed thus b;;;oblcm through the rechbnigue of balanee
wly xmcc\m;\hm::d zhmm i¢ unit on panents wath documenced and
e boen ‘()?tmgz:;;‘ ascular disease Some of our resulrs
metas of =mmnml sm“k“d\:s)mm“m N ,a;;d c;;ndcd along new hnes by
S‘“’\'ncmmbmui resules on sm?md:: mod?: o Sctfglﬂ‘ et and
e shocn Frtve 52 16 oot b cometotoned cation of blood pressure
teflects certun dosa es of steroud, dp i
Yospital condinons, gmd over n o wélstam. et and contealiod
Fequire mo\hﬁcam;n of other - :m shecfc periods of . It might
s form, how ener, 1€ serves ;‘Z“ e e oyel, Presented m

Y shod be nore:( P w:;;;ascs of this discussion
K432 sl b o u ﬁ'[ the addison or subtracnion of dietary sale
by pertensin esburis w ul‘\;\tm::n e bood pressure of uncomphicated
wssne salt intale wnfluence l; e motensives Nor does an ex-

¢ artenal tension 1 a hypertensive with
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adrenal cortical insufficiency unless small, daily injections of desoy-
corticosterone arc administered. These observations suggest that the
sodiam son is related o blood pressure regulation, that the hyperrensive
handles salt or s restriction in a manncr different from normal, and
that an intact adrenal or some cxogenous steroid is necessary for this
acron.
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Desoxycorucosterone ~bue only in the presence of at Jeast some
dictary salt—ratses the blood pressure under all of the ctrcumstances
tested, 40 mg being no more effective than 4. However, the pressor
£ESpONSCE 1S faster and greater i adrenalecromized ammals, in Addisontan
man, or 1 the face of renal damage than 1 1s in normals, and drsspmlar
to the responsc mn hypertenstves  Panients with hypertensive discase
under these relatvely basal conditions of study, mvariably ger anim-
mediate small rise in artenial tension, bue thus s usually transitory over
a pcrlod of a week or so. We recently had occasion to find this hyper-
rensive pattern i a woman with a repearedly normal blood pressure who
only ar a later date developed a persistent increase i pressurc; in
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other words, an abnormal response to desoXyCOMTICOSICTONE MY preeede
the onset of overt discase (8). From this group of studies, the pressor
propernies of at least one steroid are confirmed, bur agan we find that
the normal differs from the hyperrensive.

Unlike desovyeorucosterone, at least in the adrenalecrormzed Tat,
ke or 00 salt 15 required for the pressor cffeet of corusone (9). Bur
st o & drenal 3 ammals, Add
patients, and subjects with renal damage of many varienes (withor with-
out by ion) show the most | § responses. Normals ex-
hibi fieele or o change with comparable dosage and durauion of treat-
ment, and uncomplicated hypertensives may even show 2 shght fall i
Blood pressure The close structural similanty of Compound F (17-
bydrovy corncosterone) to cortisone, 1ts almost equal abrlity to produce
Byperadrenabisen and modification of theumauc disorders, as well as our
prebmiary investigations of its action (10), would fead us to suspect
#at tts properties are similar Thos we have other steroids which can
b pressor under certain condinions, and once more an agent producing
diffesent effects under the influence of different disease states

st concervabhe that the adrenal cortex secretes some other substance
pable of counteracnng the effects of pressor hormones> Thus s sug-
fested by the augmented action of corusone n the adrenalectomized
amal and i Addsson’s disease, by the studies employing adrenal cor-

vl extraces 10 hypenensives, and by the apparent blockhmng effects of
such everaces when gven simal |

with desovy corty ™.
I s, however, far from established  Extracts contan yany unknown
:i;:i‘l:: Funthermore, the nterpretation of sterasd acuion must be

eureme caunon. An admwmstered agent may modify antenor

Phutary secretions and aleer the character of the evistiny
mones Morcover,

tion and
tabol,

g adrena) hor-
lutle 15 Loown concerming the pathsays of degrada-

the possible physiological actions of such by-products of me-
sm,

b‘;“?";’d doube, the adrenal corres plays a part mn the regulation of
- d“Pc :‘S’Ssrc. Beyond doubr, the mechansms involved are complex and
. irect humoral action masmuch as changes 11 anenal tension
*\\]x-nms), ‘S‘ nf:( finutes, and are scarcely proportional to dosage Could
‘rtm € vascular discase be the resule of an overproduction of some

cortical hormone> Although the cortisone-hike Compound F s
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now regarded as of definite adrenal origin, an excess gives risc to all the
manifestations of hyperadrenocorticalism or Cushing’s syndrome. These
arc not gencrally observed in esscatial hyperrension. Only by postulating
its conversion to another pressor agent, or by adding the concept of a
simulrancous change in some other adrenal product, could such a theory
be cnterrained at all. What about an excess of some desoxycorticoster-
onc-like harmone, for desoxycorticosterane appears to be required for
the maintenance of hypertenston m the hypertensive Addisonian® Then
1 or 2 mg must represent an exccss, for massive doscs exvert no greater
cffect. This could account for hypertension, and the dimnished influence
of this steroid m hypertensives might be terpreted as indicative of 2
state 1 which an cxcess is already present, but such a theory fuls
explain the pressor aceion of cortisone. Nor can it be said with cerrainty
that the adrenal cortex makes desoxycorticosterone. There is no defini-
nuve answer as yet, no proof of adrenocortical dysfunction in hypertes
stve discase has been provided by existing tests, and we must await the
development of is by which desoxycorts Itke compound
n the adrenal and crreulation can be quantitated accurately.

Whether or not there 1s a2 possibility of hypertenston of adrenal origin,
1t 1s clear that some types of hypertension can appear or be maintained
1n ammals and 1 man m the absence of intact adrenals Abnormal cle-
vations of blood pressure have developed in Addisonran pattents follow=
ing renal damage by disease (7), and bilatcrally adrenalecromized rats
become defimtely hypertensive in responise to ¢cytotovic serum nephring
providing 2 sausfactory nutritional state is maintarned and a high sodium
chloride intake employed (4)

Despiee the cathusiasm of recent years, it must be admiteed that
hormones function chiefly 1n an expedining capacity, as regulatory super-
structures. They modify rather than mniate basic metabolic processes.
Several recent developments of possibly great significance mdicate that
renal hyperrension may represent the retention of a pressor substance
which is normally cxcreted (11, 12). Handler and Besnheim (12) have
prcscmed evidence that at least one form of renal hypertension, masked
by dietary sestriction, can be restared by approprute adrenal ha@onal
therapy- Even if lirele else has been esrablished, essential hypertension is
undoubtedly a familial discase with an onset relanvely carly m hife. 11t
should be proven that tenal hypertension is the resule of a fatlure to
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escrete rather than the e¥cess production of a pressor substance, then it
might be possible 1o integrate many solated findings. For cample, one
might speculare that an unknown merabolite, acting on the arteioles or
sesiizing them to some such substance as notepincphrine, 15 normally
exrered and eherefore present in too small concentration 10 do harm,
that 1t s tetained in renal disease, that it is produced 1n cxcess by an
emor of metbolism in essential hyp and that it is blocked ata
femal ot prerenal fevel, or influenced m some way, when an excess of
adrenal corncal hormones is present.

The tempa of research has increased 1mmeasutably in recent years
8 bas emphasized amang other tungs the role of psychologrcal mal-
sdustent and of stresses and strains of bfe in chrontc and degeneratve
dsease, The excitement of new developments, parcularly 1 the realm
ofthe symahesis of sceroids, has opened entirely new fields of nvestiga-
non and therapy There is an important place for both the invesugaror
wthe iboratory or clime, as well as the practitioner with tus umque
oppornwnities for direct contact with the patient, for close observation,
#d for entical evaluation of the fesponses to therapy. However, both
st preserve their sciennfic cntiques and not permet themselves to bie
$3jed 0 far aficld by anracuve bur snsubstannated theenes For m
dm;':;gk::? only by careful fact-finding at 2 fundamental and then a

> 2 we hope to find the solution to the many unanswered
Preblems and help our panents who become (it
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Chapter 17

THE MEDICAL MANAGEMENT OF ACUTE
AND CHRONIC ARTERIAL OCCLUSION*®*

A. Wilbur Duryee t

\KFTH THE EVOLUTIONARY changes 1n medicine of the past
™o to three decades, the medical man of today is faced with
Meclosclerosis as the leading pathology of our age It 1s therefore
marena] that he will frequently be faced with the management of this
diease as it affects the extremitics. 1 use the term management
Preference to treatment 1 that since the eunology of artenoscleross is
sl msolved we therefore have no speasfic therapeutic approach
The purpose of this presentation 1s to arulyze the available methods
?{"““’gﬂnmz naw in vogue and to atrempr to outhine a procedure that
i Mti} rational and mose apt to produce sausfactory results. Many
Berapies have been developed and tried and while 1t is true that some
these 3pparently produce results when used by those who developed

M and are famitiar with their minute details, these same therapies fail
hen tsed generally

@ r:c 2re those who make exorbitant clams for specific modahties
e :‘::‘m zn[d on the other hand those that fee! that hrtle can be done
e c;osc erosts blocks perspherat blood vessels. There must bea
R hlo:‘ and 2 method of management which will effect an in-
C(uao e supply to an extremity with artenies partially obliterated.

s ipp:mc))] !u l}:e also gong 10 hear from a surgeon who wall outhne
B g l0 i }: problem The fact that he 15 on this program should
iy M this disease both medieal and surgical methods of man-
& shoud be considered The patient will benefir when 2 welle
M of a medrcal man and @ surgeon cooperate—or when

P,

\.;,: 5}3% f’m;: B 951, 5t the 24tk Graduare Fortmghe of The New

i Sehgy." * Clnies) Medicrne, New Yotk Uninersity Post-Graduate Med-
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loving infonmarion Is of greatest valve. It can only be obrained by an
ardeetanding of the pachology, 2 history, snd 2 complete climicat and
lborarory study.

Parhology

"ﬂ\c sascular pathology in peripheral artetiosclerosis 15 most variable.
Tou bave fistened to most excellent deseriptions of these changes by

e e iy

Fgure sy . < ) .
H farked atheroscleros:s of the popliteal artery with narrowng of the

i ®

‘:‘“;: nsfse::rs b:m this Graduate Formight Program (1, 2) Smuiler
ey bey; llhc site of most of the pathological changes or these
oo Khﬂ'x e involved 2nd the man “shut-off” take place by a
il ‘:‘ T‘O‘; anerul supgly 1a an exeremuty [ shall not ar-
gt e i t}::u vhe many variations noted bue 1 would hike to
2 ¢ there 15 no usual or set pattern of involvement.
process m the wall of the vessel may consist simply of
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cither a medical man of a surgeon has a well-balanced insight into the
specific case.

Analysis of the Problem

A set plan of management cannot be laid out which will fir each and
every case of occlustve arterial discase. Every patient prescnts 3 different
sct of problems in his management, and these must be studied from both
the general standpoint and from a proper analysis of the actual vaseular
changes in the extremicy. I do not believe that all cases of peripheral
artetiosclerosis should undergo a sympathectomy, as recently staced ata
meeting of speciahists in this field; nor do I believe that the use ofa
certan vasodilaung drug is the therapy of choice.

From the general standpoint one must first consider the temperament
of the individual. Is he the type who will cooperate in a conservative
regime—who will relax while under treatment and who will accommo-
date himself to hts mreations? If he is this type his prognosis is immedi-
ately improved.

Seccondly are there associated vascular involvements that will make
hts management difficule? Particularly is there cerebral involvement to
hamper his cooperation or to make 1t difficult for him to understand his
problem? While a physician should not be o0 pessimistic to the palic"f
about the outcome of his specific case, it 1s well to present the various
possibilitics and to especrally emphasize the tme factor in the course of
this disease—one frequently losing the confidence of his patient if he
tells m that a Ieston should heal 1n a few weeks and mstead rakes several
months to achteve the result or fuls to heal.

There may also be assocrated disease sndependent of the vascular
pathology. The patient may have drabetes, increasing the gravity of the
vascular changes. He may have osteoarthritis makng a Jong peniod of
bed rest impossible or adding confusing symptoms, frequently mistaken
for those secondary to his vascular disease. There may be discasc of the
spmal cord, blood dyscrastas, vitamn defictencics, orthopedic defects,
or any onc of many less common diseases. The farlures in the manage-
ment of a vascular problem often resule from the lack of recognition
and proper treatment of the associared disease.

The analysts of the acrual vascalar status in che involved cxtremmty 1s
of utmost importance 1 arnving at a regime of management. The fol-
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aress of 2 vessel may be involved with a relatively healthy wall remain-
mgdistat and poximal to the discased area. For example, an arteriogram
may show 2 site of occtusion in the femoral artery with colfateral circufa-
venfllinga patient’s femoral vessel below the occluded area (Figure 55).
Tt also eptsodic in its occurrence.

Figure 55
= “’;lhf::u;llbgnm showng a thrombosis of the mid-portion of the femoral
ellent eollateral cireulation around the pont of obstruction.

““1;::%:;:}:02 alorfication as shown by x-ray, moreover, is not an
I n:) Eg:cc of arterial imparrment, and the falure to visualize
R“:m!mnon :{m € out arteniosclerosts as being present (Figure 56).
s e mdz thrombosed vessel may occur, but such a healing
e ustfally prod.llctl\'e of lirtle blood supply

ey amﬁ:;msldcr functional pathological changes 1n every case
Srariad g sulppiy In arteniosclerosis these changes are usually
5 pa, denp :‘21 ky course of the dl?tase' but when pain, espeenlly
Wy o n}F » then a reflex spastic state of the vessels with -

ganic change to affect therr ability to contract may tahe
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soft or atheromatous changes or it may be associated with fibrosis and
the deposition of calcium. Pathological changes of a degencrative and
replacement nature may involve the media and leave the intinia relatively
normal. Reduction of blood supply 1 thus type usually occurs as a resule
of the narrowing of the osua of the branches of the arteries.

When mtimal mvolvement sakes place two chief changes are noted,
first thickemng and then thrombosis~—many cases have a gradual narrow-
ing of the vessel lumen while others supenmpose a sudden thrombosis~
even carly in the course of the discase (Figures 53 and 54).

Peripheral arteriosclerosis is usually scgmental in nature, that is, focal

T

1

(b,

e

A

Atherosclerosss of posterior thial arters with an acute thrombost.

Tigure 54
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areas of 2 vessel may be involved with 2 relatively healthy wall remain-
ingdistal and provimal to the diseased area. For cxample, an arterrogram
tay show 2 site of oeclusion in the femoral artery with collateral circula-
tenflling 2 patient’s femoral vessel below the occluded area (Figure §5).
ks akso episodic in its occurrence.

Figure g5 R
iy gy TETIOEEM showing a thromboss of the mud-portion of the femoral

Y with
excellent eoltateral circulavion around the pomt of obstruction.

Th .

o © degree of calerfication as shown by ray, moreover, is not an
:u::; ofthe degree of artcrial impairment,
- Z:s "ot rule out arteriosclerosis as being present (Figure 56).
— :n of 2 thrombosed vessel may occur, but such a healing
o e and usually productve of lietle blood supply.

¢ muse also consi
nsider functional pathological ca
o pathological changes m every case
ired attens] gy : s

iy arlpply'. In artenosclerosis these changes are usually

'y course of the disease, but when pam, espectally
hen 2 reflox spastic state of the vessels with n-
ange to affect their ability to contract may take

and the falure to visualize

TSt parn, dc\elops, o
B organge ol
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place. This further reduces blood supply, and its control is the basis for
much of the therapy advocated in the management of this disease.
Although the associated venous drainage is not usually affected to
the same degree by organic changes in the walls of the veins, secondary
venous thrombosis is common and complicates the arterial pathology.
Such thrombosis probably occurs as a result of a reduced rate of blood

zmguy gp  182/80

[Calf

Ankley

P o |

0 160 120 B0 40

Figure 56 Normal oscillometric readings on lower cxtrenuties showing a very
marked degree of calcification

flow, a reduced activity of the patient, and because many of these pa-
tients have associared varicose veins.

History

1. Distress. The patient with artenal msufficiency usually first com-
plains of symptoms suggestive of intermittent claudication (3). These
may come on gradually during a period of months or ycars or may be of
acuté onset. There 15 greater chance for the development of collateral



VEDICAL MANAGEMENT OF ARTERIAL OCCLUSION 249
arclston in the slowly developing occlusion than in the case with a
sulden arrenal shut-off.

This exwrernity distress must be diferentiated from pawn secondary to
wind arthritis or other associated discase. Such pamn is frequently
prescnt most of the nme—aggravated, usually, at the start of activity and
e eelered by the cessation of activity. Intermittent claudication more-
oveeis nor usually manifested by a truc pain, but rather by a sensc of
tightening tn the muscles and an inatulity to walk with almost immedate
whef by the cessation of walking.

When areerial snsutficiency has progressed to 2 point where pam s
prosent at rest, such pam is usually severe, more apt to occur after the
fasent has gone to sleep and relieved by placing the exeremity n the
dqendeat position.

2. Temperiture changes, especially coldness, occur with both orgamc
 hancuonal artenal disease and more frequently are an indication of
wsopasm than of organic occlusion. However, when one extremiy 15
cosler than the other then organic occlusion is more likely responsible
fir dhe reduction 1 shin temperature.

¥ Sies il groreth with cransverse ndging of the nails indrcates
perds of reduced il bed blood supply.
l'::n‘zllifd %”.”P‘ ate uswally an indication of venous stasis and not of
shich s :;‘M;;‘T“C)" Thc)" shouh! be differentiated from night rest pan
¥ ot associated with muscle eramps.
mmrit:;; see, there are not many symptoms related to pertpheral
d‘?"tbefo’ic f:’ncy Aznd .(he disease may progress to a considerable
g tar g mt pattent is aware of bus difficuley. It also goes withour
hprnng 0st complete general history should be recorded from

\ Physical Examination
d\;x ::n i‘:;:ln min;dm is of utmost imporrance. Everyone is aware
eslocal P:hi;w? to the extremines is flrered by many factors
S byperension ‘:{3 . Tl\:: pulse 1n an extremity of a patient with sys-

2 prent i‘h 3ortic insuffictency 1s bound o be much diffesent
e from the thout valvufar defects and with a marked hypotension.
vascelar system, endocrine disturbances, malignancies,
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and maldevclopments may account for impaired arccrial supply. These
are only a few cxamples of conditions one must be on the lookout for
1 the general exarmination.

Excremities should be examined comparatively in the horizontal, de-
pendent, and clevated positions. The cardinal signs of rubor on depend-
ency and pallor on elevation can only be noted with such postural
changes. Trophic changes of sk, muscle, and subcutancous tissue as
well as nail and harir growth should be observed and the twa correspond-
1ng exeremtics compared. Temperature changes by palpation at vnrio'us
levels of an cxtremity should be noted and compared to the opposite
extremuey. Measurements should be made at corresponding levels and
pulses should be palpated ar accessible focations; in the upper exteemity
~in the axilla, antecutntal arca, and at the wrist on the ulnar and radial
sides, i the lower extremuty—at the groin, paphiteal space, behind the
Internal maileolus, and over the dorsum of the foot. The abdomen should
be examuned for sliac or aortic pulsattons when femoral pulsations arc
not felt.

Although the diagnosis of occlusive arterral disease should be made by
a careful history and phystcal exammation, certain laboratory aids are
indicated in cach diagnostic workup. A urine analysts, complete blood
count, sed! 100 rate, By nit, blood sugar, and Wassermann are
basic. Other tests may be done if ndicated. An x-ray of the extremities
showg calerficaton of artersal walls aids n the dragnosis of arterio-
sclerosis—a normal film does not eliminace this discase process. Speciak
ized procedures must be applied as ndicated but are not a necessity in
every routitic study The two most valuable aids arc oscillometrie studics
and vasodilararion tests, They both may be musleading, and like any
other diagnostic procedure their interprecation 1 view of other chncal
and laboratory findings 15 1mporeant.

The oscillometer may give positive mformatton where the palpating
finger fails to do so. It may locate pulsations mussed otherw sc, It 1s of
value m comparing correspording areas of exe tes and in noting
changes following vasodifatation rests. However, companson rqd}ﬂgs
ace useless unless the patrent 1s examined under the same basic condm('ms
and in the same position. Blood pressure should be nored ar each testing
period. The method of apphication of the cuff may alter the readings
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and varations of the amount of subcutancous nissue affect the degree of
pulsation .
Vasodilatation tests of many types have been deseribed. The otiginal
test of g peripheral shin temp following the inducrionvof
clevared body temperature by the intravenous use of typhoid vaccine
givea very good estimation of the vasomotar index (4). Reflex methods
of nducing penpheral vasodilaration are easier on the panent and gve
ssusfactory resules. Paravertebral nerve blocks give a more rapid method
of testing, but there s alnays the possibility of an unsansfactory Block,
They do, however, wsually permt 2 companisan study of the two sides.
Candal anesthesta 15 of value n ehminaning vasospasm bilaterally and of
the distal parts of the extrermities Spinal anesthesia gives a higher level
of vasodilatation but may drop blood pressure 1o o degree wheee wt
affects penpheral blood flow. The sympathene blocking agents unless

En]eqed intrz-arternally are of hittle assistance because of their general-
ized acnion,

In summarizing these vasodilating procedures 1 believe 1t wise to rely
on more than one method n studving any speeific case, particularly if
the results of one test do not fit the ehmeal picture

Tnunterprenng the results of such tests vatious eriteria have been sug-
gested—ongnally (4) a rise of 6°F was thought to be necessary of
susfactory resulrs from a sympathectotmy were 10 be expected. More
l:mmly somme surgeons bave gore 5o far as to state that even when there
lrfnu fise 1 peripheral shin temperature follow ing such procedures, sats-

actory clinical results can be obramed from division of the svmpathetic
l;‘:‘iﬂ:"g!;?:;ﬁhasi lfpuscm\\y behieve that a clear-cm nse of from
fron Hmd(hc: ‘r’zs’:x (r Dz:authcsc_rhms(; n ordcfr 10 £Xpect improvement
s oty P! res The degree of nse will depend on such

pesasure level of the control period, the durauon of the

test, thy
- e relavation of the patient, as well as on the relanve vasospastic
orginie changes m each case

Ore could deratl svasnes s other tests devised to measure the degree o
erous orher ¢

©
" { devised easure the degy ¥

“\thy e :;;r;mu’y, bur such 1s not the purpose of this paper,
s, vareony o tole m cmlumng each case Aortograms, arterio-
theuse of Wlasson tme studies, espeeratty the fuorescem test,

150topes, and methods of measuring claudicarson are all helpfiut
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but as a rule complicated and not necessary in the evaluation of the usuat
case of peripheral arteriosclerosis.

Management

When one has thoroughly studied a specific case of occlusive arterial
disease he must plan a regime of management to fir that case~—such 2
program may have to be intensive and emergency in nature where the
shut-off has been sudden or sapid in wts development and it may be
conscrvauve n the stowly developing process of occlusion. In the fatrer
case adequate collateral circulavton frequently develops spontancously
so that the patient notices improvement withou therapy. Moreover, if
the problem is complicated by other vascular mantfestations or other
disease a more detailed outline of g will be Y.

While many of you listeming to this presentanon may be expeeting
the description of some new procedure or the detals of the use of some
new drug, I shall have ro disappoint you In the remainmg part of this
discussion I shall actempt to discuss the various modahnes of available
therapy and to cvaluate cach in proper aspect to the others i a regime
of management. In any one case four mamn facrors deterrmne the out-
come. First, can the primary process be arrested? Second, can collarcral
circulation be developed to an adequate degree before the mamn blood
supply s occluded” Third, can mfection and trauma be prevened in the
ussues with deficient blood supply? And fourth, what meaas can be
unlized to prevent thrombosis? In the first mstance 1 know of no method
of arresung the progresston of occlusive artenosclerosis as can be done
in thromboangntis obliterans where the cessation of the use of tobacco
appeats to stop the progress of this occlusive discase Proper dier may
have some effect in delaymg rts progress. A better understanding of the
metaboltsm of cholesterol and the ipoprotemns 1s leading s to ehiminare
certan fats. Lipotropic substances may play a role m averung this
disease, but recent papers arc not (00 encouragmg from this standpomnt.
In the second, thurd, and fourth instances a program of management is
developed 1n an attempt to accomplish these results, 1.c., mcrease col-
Yateral circulation and prevent mfectton and trauma and thrombosis. In
order to accomplish these aums certam basic principles of management

smust be understood and corsectly apphied
Rest versus activsty. In the acute or far-advanced occlustve process with
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fest pain, rest is imperative almost as much 5o as in the patient with an
artera) shut-off to the myocarduum. Tr must be complete as far as walk-
gis concerned, untl all vascular rest pain has cleared. However, when
the process is early and in cases without rest pain then use of the ex-
tremunes witkin thest vascolat capacity i the best method of sumubiting
colhateral circulation. Activity, how ever, must be fimeed to that possible
ithout the prod of intermittent claud Once this symptom
s occrrred vasospasm of the noraal or refatively normal vessels prob-
by whes place leading to further thrombosis, It 18 not an uncommon
story that a person develops an acure exacerbation of hus pathology after
trymng 1o force walking agunst claudication symptoms. Trawn your
favent 1o walk slowly and walk frequently but to Limit his disrances to
those be can do without disteess. Many pauents can walk three o four
imes 45 far at 90 steps per minute than they can at the usual 120 steps
et minute (5). They can walk further on the level than up nclines, or
when sot burdened by carrymg beavy objects. Their chasdication dis-

tance is less on hard pavement than on turf
Temperature. Vanious extremes of local environmental temperarure
“oﬂf btm‘zdrocacd @ the management of ocelusive arteral disease.
rigimally hagh remperatures induced by mfrared lamps, heared eradles,
::::::2 or sh:\rt wave were applied to stimulate circulaven, Ir was
nddorp s :: ,:‘e:m :,uCh elevared tcmpcrnu;rc levels, bums, gangrene,
Vikinoad et 5 occ\‘{r‘rhcd and on careful study 1t was shown that
could g b o "(::h supply the increased merabolic necds of the nssues
- The pendulum then swung to the opposite direction

:?dmremelv low remperatures were used. These were found also to
. enmental as they 1aduced past 3nd oo
menng Today

lly gangrene by
e oy e beheve that average room temperature 1s probably
by of nof‘u )e.\c), but that self-gencrated hear should be matntamed
P Dconsmmng warm protective padding, dc(hmg, ot covers.
aneria] ]mf (mrnmmr. An optimum position of the exuremties with
‘l“ﬂ\dy “}: mt N 2n orgamic basis 15 most necessary. All too fre-
e ‘bm‘::unes with itpending of acrual gangrene have been cle-
drvwrog e b)(:(: :_:vrl adding to the sschemic state of the ussues by
hm‘gﬂ; ey rom wetastic vessels On the other hand the panent
overthe s“:‘q atly indicates the logical posion by dropping tus legs
¢ of the bed 1 order o get rebief from hus vese pam lnsevere



254 DISORDERS OF THE CIRCULATORY SYSTEM

cases the pavient may sleep in a chair in order to rest at night. However,
he usually overdoes this factor by keeping the legs dependent too Jong
and increasing venous and jymphatic stasis, thercby complicating the
problem.

The most idcal position 15 probably one with the exeremities somewhat
below heart level (6). This can be accomplished by elevating the head
of the bed on shock blocks, the degree being determined by scveral ob-
servations. In cases with severely impaired crrculation and no venous or
lymaphatic disease, a fairly marked dependency should be used. When
varicositics are present then less marked dependency or even a level
position may be optimum. Any position producing edema or marked
rubor or cyanosis is too low, and any position producing pallor is too
high.

Protection of extrenntres. | shall meation this angle bue brrefly although
1t is very imporcane. In skin with impareed arterral supply even shght
trauma, mechanical, thermal, or chemical, may precipitate necross. One
must be parncularly careful of heel pressure m a patient confined to bed.
Sunltghr and artificial ultravioler, strong annscpncs, and the applicanion
of acids must be avorded.

Avordance and treatment of snfections. Many cases of gangrene develop
as a resule of infecrton. Tissue destruction may be the result of fungus ot
bactertal wvaston, Followmng poor chiropody a break m the tissue at nail
margns or 1n the arca of calluses may be the portal of enury for bactesia.
A fungus infection of the skin, bemgn and unnoticed m the webbing be-
tween the toes, often 15 the ongmal site of gangrene (7). Thercfore
careful hygtenc of the skua with daly soap and water baths followed by
careful drying between the tocs 1s of utmost imporaance If a fungus 1s
presenc or suspected daily soaks n a mild fungieide solunon suchas 1 to
5000 potasstum permanganatc arc indicated. The toes should be separated
by some smalf firm objeces during che soaks to permt the solurion to
come i contact with the web areas. In addion some of the mild
fungicrde powders should be used twice a day berween the toes and m
the shoes, espeemtly of shere 15 much sweaung of the feer. Such therapy
should be given both feet If there s any allergic responsc to these
medications, they should be immediately discontiued because the re-

sulting shin Jestons may become sites for infection.
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Bactersa) infection should be treated early and intensively. Locally,
arcfi, frequent debridement of the area should be done ta expase all
of the ivelsed area 1o the air. Only dead tissue should be removed
Oumements covering infected arcas should be applied sparingly and with
2 water-soluble base and not with an oily base. They should be removed
daly and replaced. Tn many instances, normal saline compresses 1o keep
e vise soft and 1o 20 erusting are the appleanans of chowce, and
exch indiwidual needs careful watching with solutions applied only long
enough to accomplish this without causing niecrosts. When mfection has
been conteelled, then tissues should be left dry and dead rissue allowed
w sepirate from healthy missue

Antseptics and anuhiotics are seldom of vatue when used localiy;
thest oral or patenteral use 15 indicated provided focal skin reactions do
% vesglt. For thos reason pemertim must be used with caunon. The
fmfﬁn{ fevels should be hugh since wirh deficient local blood supply the
nvolved arex will not revesve adequate amounts of the agent Those
ambiatics which mav be used ineravenously have been mjected wmto the
et supply of the 1nvoived extremury when the major vessels are
gent, 1 tus way gernng 2 greater concentranon of the agens to the
desired area N

Goc word of precaumon should be given regarding the possility of
dhe mold types of antbiones activaung an underlying fungus infection.
$5uch occurs they should be discontinued of adequate ﬁmg}mdal therapy
el ;1 v. The suifa p may be found to be safer and
El'xmm:g zns the mold group of annbwotics
et £ :{j{; ,hd:‘n that veduce blood sspply It s appareny thar all
doud be ‘dm\f: :d at {:y p;cssurc on blood vessels impair circulanon,
Mool Totuonn (:C n addion vasospastic subsrances should be
drvnated g 1ng 2 marhed vasoconstrictor should be completely

2 can mm:;“;\ :l':\lgs as Adrenalin, epinephrine, and ergot avorded.
pt problen l; degree of retlex vasospasm and ws control 1s a2
60 from gt u ctrjunagemem of these cases Oprates gve hude
fon of thew P:)l\n of vaseular gangrene and becruse of the long dura-
Procedures z’l;)& b f"‘ H‘Sc :dhould be hept at a minmum  Many of the
'-hcr:p\, e e :f:‘lk u:: ! Wi reduce the pan factor, and of all drug

’ ol in vhe form of whiskey or brandy together

wsed &
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with salicylates seems to produce the best analgesia. One ounce of
whiskey and 10 gr of aspirin often will relieve sschemic pain as welf as
morphine or other narcorics.

Intravenous procaine has been advocated as a vasodilator. However, I
believe that ats chief effect is that of an analgesic and thae any vaso-

dilation accomplished 15 done by climinanng vasospasm sccondary 0

pﬂln.

Vasodilatation. I approach this part of the regime with some mis-
givings. Various workers have described innumerable procedures to ac-
complish this all-important process. Physiotherapy, drugs, mechanical
appliances, and surgery have all been advacated and used alonc or to-
gether. 1 would like to emphasize that one should rarely depend on 2
single modality alone. If I should attempt to analyze each procedure or
drug it would rake many hours, I shall therefore try to give you my
present concept of certan general procedures of value m increasing
peripheral vasodilatation. There arc two reasons to increase blood sup-
ply. First, to supply the muscles with more blood in order thar walking
distances may he wmcreased 2nd, secondly, to increase blood supply to
the skin to maineain uts meegriey. Although there 1s some dispute regard-
ing the sympathetic nnervation of these two blood supplics 1 1s more
commonly believed thar the sympathetic control 15 mast marked to the
skin vessels and that muscle blood supply 1s not affecred to any degree by
sympathetic nerve blocking. It 15 my chnical impression, and such is
largely substantiated by numerous workers, that hrele can be donc from
a vasodilatauen standpomt to increase blood supply to the muscles and
that we must depend on the use of these muscles as a stimulus for the
development of collateral circulation.

Howecver, the ustal total disabihty of a patient with pcnphcml arte-
siosclerosis starts with tissue breakdown m the skin and here vasodilata-
tion can be frequently accomplished to a most sausfacrory degree. The
warm dry skin after a lumbar sympathectomy s proof of this. .

From a medical standpowne, numerous orally or parenterally admin-
istered, so-called vasodilating drugs have been developed and used in the
management of occlusive areerial disease. Some of these have been
claimed to have a more pronaunced effect on the sympathetic sup{:ly 10

the lower extremities than to chat of the upper extremines, Within the
any investigatars have reported that such therapy not

last two years
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oy is froquentdy valueless but more often tends to rob the involved
extremicy of its total Blood supply in onder to fill ditared healthy vessels
i cher parts of the body (8). There are sull many that do nor agrec
with this statement. There are also other reasons for not using these
dngs sysemically since snnoying side effects from visceral action often
preven their use and drops in blood pressure interfere with their value,

If vasodilatation i to be obrained from drug therapy it should be the
resule of the appheation of the drug 5o that 1ts mavmum effect 1 to the
Hond vessels 1 the involved extremiey. Thus procaine injected para-
wenebralty blocks dhe sympatheric supply to the desired general atea
The same is true of the intra-attersal use of drugs such as histamune (9),
Priscoline, and Examon, Mecholyl may be used to promote Jocal vaso-
ddanon in hrmited areas by applying 1t through the principle of ionto-
phorenss (10).

Merhamcal therapy. Vanious types of apparatus, such as the oscillanng
bed, suction pressure boot, and incermirtent venous occlusion appatatus
Bae feen developed to assist in the management of occlusive arterial
d:snsf. The vanous types of oxcillanng beds probably have the greatest
walue in that they unlize gravity to fill and drain parmally obsrructed
ienes with stiffened walls. Gravity with the extrermty dependent
oy also force some vasodilatation to add to this effect However, ther
value fas been clearly d d In order to accomphist factory
E‘:i;‘ these beds should be so constructed that the patient 15 come
e ] K{i:l 'thcy operate quietly, and are easy of adjustment. This
e X;‘;’i‘m:':(es;mu:‘\ a3 bed must be capable of being adjusted to
g e ho cach indvidual The penod of elevation should be

gh to produce a shght blanching and the period of depres-

Son sufficrent to altow good e i
e of rubor ag :videngce. logefallvend b hes e

lhi“::;:?im venous ecclusion 1s said to work on the principle chat 1f
S pennge rcglm ; occluded for a period and then released thar during
ot Mdech ow more artertal iflow takes place as a compensaning
hg 1 o,k( at rli;‘ls 15 accomplished through a refle< vasoditaration,
°l;gh e 1:’s 10 this field elaim good results from this procedure al-
oy mc many that feel that the climical results are doubeful,

S 5{ sure 2ppacatas was one of the carly forms used 1n the
mpaired citculation to an extrermty. lts principle 15 sound
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but its application difficul, and therefore this procedure has largely been
discontinucd. For its success there muse be adequate major vessel supply
distal to the retaimng cuff, the cufl must fit snugly but not tight enough
to act as a tourniquet, and rather constant artention by a rechnician is
necessary to keep the operating conditions satisfactory. The periods of
pressure and suction and the degree of each should be adjustable and
fitted to each casc.

Another method of physiotherapeutically handling this problem is by
the anlizanion of reflex hear. Placing the arms in hor water, using heat
pads on the body or heaung the abdomen with various types of electrie
wave therapy are sound procedures to produce vasodilatation,

Auttenagulanss. 1 ehrombosis n the arterial tree can be prevented and
complicating venous thrombasis avarded then we have accomphshed a
great deal in giving collateral airculation a chance to develop. By pro-
morng as rapid a blood flow as possible, avording periods of vasaspasm,
avoiding trauma, and by mantaimng hydration the tendeney for throm-
bosis 15 reduced. Blood dyscrasias, espectally polycythmm, must be
recognized and comcidentally treated

With the available anticoagulants we also have 2 means of handling
thus problem. 1 doubt 1f every case of peripheral arreriosclerons should
be given an anticoagulant, bue 1 do believe that all acute arterial throm-
boses (and emboli) should receive a combned heparmn-Dicumarol rogime
and that such a regime should be concmued until the patient is ambula-
sory. Paticnts puc to bed for several weeks” bed care because of impend-
ing gangrene should recerve anticoagulane therapy especially as a prophy-
laxis agmnst venous thromboss, which would comphicate the local
problem and be a possible site of putmonary embohizaion.

In the acute case heparm should be grven, preferably i sabne form,
subcutancously, every 3 hours i doses adequate to doulife or triple the
control clotting tme. When the comeadenrally admmsstered coumani
denwvative (Tromevn, Dicumarol, erc) has clevared the prothrombin
qme o 2 ot 254 umcs 1ts normal fevel, the heparin is discomunued Initsal

doses of Dicumarol average 300 myg and of Tromexin 1500 my (ollmw:cd
by daily doses of onc-half or one-third or fess of the mitial dose, Daily

rothrombin fumes are a must Some ivestigators have advoeated much

faeger 1nutial doses to be followed by a smaller dose days Jater when the

time begins to drop.

rothrombin
P general theeapy should not be averlooked. Tissues with im-

Accessory
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pired blood supply receive deficient amounts of food substances and

wmins, The diee therefore should be high in protem and in sugar Gf
sadaberes 15 present) and accessory virarmins added. Vitamin Cinlarge
doses 15 necessary o mainuzin capillary wall integrity and viramin B
complex for its effect on nerve nutrinon.

Obesiey must be corrected by regulaung the calorie intake, Endocrine
defiuencies should not be overlooked as a patient with hypothyradism
neads thyrornd to merease the citcufation rate The vasomotor mstabity
of the climactene period should be controlied by the proper doses of
estrogens or androgens,

“:hd: Dr. Lord (11), who will follow me tomghe, will go into the
smgical aspects of this problem you myght like to hear 2 medscal man’s
bref opunsons of some of the surgical procedures. These are as follows.

Sympachectomy should be utilized n patients needing increased blood
supply to the shan of everemities with gangrene or symptosms of marked
tschemga. Such panterts should show a Vasospastic state with an ability
taszsodiliee. It is not 2 method of treating rermuttent cfaudication and
it il not reverse the process of artenoscl d

as one g
aurgeon has seared.

Ancurysms, mvotwin
3 g anenosclerotic vessels 1 the periphery, should
be surgically treated, « penpen <

ym‘:‘L:lm of locfhzcd :hroml»x)sis of major arteries assocated with 2
0 autogenous vein ::“e 1. o el s oy
N, ms,d::p .u;( or the use of an arterial scgment from a

red 1n locally occluded areas
Amputarson should not be delayed where 1t is evident that a gan-

BYEm0us process is extendiny
g and cannat be controlled by the
ez} and surgical procedures i Y e shove

o Summary
o m;:’i‘ 33;\ bow he 1s to determine which of
iy mu“; c mdamgcmcn( of an individual case. Such choice of a
gy the pm?pc: on :{ careful study of the problem. On one extreme
< cunemay {:n: usbce of the legs with general advice as to the care of
nced o ch h envrely adequare. On the other hand acute or
s o aspital care with the application of as many of the
as aze avatlable and can be easily cotrclated,

Tuauly),
ke
tostress the pomt that 1t 1s extremely difficult 1o evaluace

the above procedures
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any one procedure in the management of occlusive arcerial disease. As
already stated spontancous improvement frequently occurs as collateral
circulation develops and too frequently some modality of therapy is given
credit. This fact would perhaps account for the numerous methods which
have been advocated in the control of this disease process.

Conclusions

1. The paticnt must be treated and not alone his extremity.

2. A proper understanding of the underlying pathology is important.

3. Each case must be thoroughly studicd before a regime is outlined.

4. Cooperatson between the medical man and the surgeon 15 impor-
tant.

5. The successful management of each case depends on the outlining
of a regime embodying the indicated modalities of therapy.

6. Drug therapy, from the vasodilaung standporne, plays only a small
role 1 the management of most cascs.

7. The more acute or advanced the process the more intensive the
regime should be, many cases needing hospital care.

8. The regime for each case should snclude the sreatment of associated
problems such as arthnins and obesity.

9. The prognosss of this diseasc is not as grave as 1t was once thought
to be.
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Chapter 18

THE SURGICAL THERAPY OF ACUTE
AND CHRONIC ARTERIAL QCCLUSION*

Fere W. Lord, Fr. 1

HE THERAPY of acure arterial occlusion is determined not only

by the pachogenesis of the arterial block, but also by the scrung in
which the episode takes place. As 1s so often the case, proper therapy
rests squarely on an accurate dragnosts which must be made as a rule by
the clinical appraisal of the panent.

In general, there are four causes for a sudden block in an artery: 1)
cmbolic, 2) thrombotic, 3) traumatic, 4) spasmodic. Let us consider
bricfly cach of these causes.

An embohce occlusion of an artery may have had s origm in the left
auricular appendage of a pauent suffering from mueral stenosis and
chronic auricular fibrillation, usually an indwadual under fifty years of
age, predomunandy female, The second group of patients who sy
cmbohize from their heares are those with myocardial infarction and an
associated mural thrombus This group 1s usually beyond fifty and pre-
dominancly male Fimlly, an occasional parent will manifest an embolic
episode from a thrombus ongmating mn an arteriosclerotic abdomsnal
aorta or from an ancurysmal sac. The sccond unporcant cause of an
acute artersal ocelusion is the thrombotic eprsode occursing suddenly ta
an individual with an advanced arteriosclerotic process m which an
1atmal plaque has ulcerated and served as the nidus for thrombus forma-
tion and blockage of the arrcrial blood flow Usuatly these panents are
above fifty and manifese generalized arceriosclerosis. An accurate
differcntial diagnosis between an acute thrombotie occlusion and an
embolic process may be mpossible 1 some pattents of this type. Thrdly,

* Presented October ‘17, 1951, ac the 24ch Graduate Foraughe of The New
\L;dr(,ﬁf‘ngﬁf"‘n‘c’;a‘xﬁ;’ﬂ"ﬁi Surgery, New Yorh Unnersicy Post-Gradune
Medical School, and the Tourth Diviston (N, Y. U.) of Bellevuie and University

jtal.
Hospita 262
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e trammatic occhusion of an aftery may oceur as a result of 2 bullet,
Lsife wound. fracture with laceration of the vessel, ot may occur in
B¢ operanng room usnally as a sesule of 2 surgical erros, although
acasiorally the attery may be deliberately ligated for purposes of tesecs
ton of a malignans tumor, Diagrosis 10 this group is usmally simple
pronvhing the peripheral prilses are carefully palpated n the snwalved as
sl 25 m the normal extremity. Finally, an acute arterial occlusion may
be entirely on 3 spasmodsc basts which in some cases may simulate an
anginue bk and can be equally dusastrous. One of the clearest examples
of tus type of spasmodic block of an artery is scen 1n the acute massive

venous occlusion so ably described by Hamovier (1) and Veal and his
wsoares (2,
The th y |

X of anartenal

may be operative
P dep on the di and ather related factors. in
9“‘“? T, the embobic cases, ideally an embolectomy should be performed
mthe younger patients (under $0) 1f scen within ten hours of onset, +f
the avery obstrocted 18 the zora, thae, o femoral artery, and of the
gareral condition of the patient 15 such that an operative procedure (s
®erttte The comprehensive management of such a patient follows

o 3

;x::u.\;;‘;(ﬁ + 2 #tyear-old white woman, was a kaown theumane with mitrsl
Py suncular foriffanon and had been subject to severa) bouts of cardiae
N le«P:I;S;\;mn On January 25, 1951, she suddenly expenenced paratvsis of
Rl bm\rd shordy by fow back and upper tugh pam Dr Willam T
- 'ﬁm:\” wartun ane houe of onser, diagnosed 2 saddle embotus of the 2otta
et o "Y&:ts. <o, white legs, and absent sensation in the feet), and ad-
nerery dho, }f New York Hospreal In addinon to the aorte embolus, pul-
dgeas, l"\ll:o m!“xk\ cloped This w5 managed by 2 supplementary dose of
e, 2h hi‘h) h;nc, axygen, and morphine Under continuous spinal ancs-
e oy “:r the multiple benefits of abolishment of the sympathenc tonus
Mot musm‘m\ltlcs. and contracung the inkestiaes with relaxation of the
Pl :mu. the zornc infurcation was exposed through a left rectus
s =usxon Following the 1solatton of the aorta and the common
L emof gt o “ﬂ%‘lommy wis made in the nght common ihac artesy within
Wi gy “L‘mfg , © embalus w35 removed, the wasion m the artery closed
Sy oses um"fss surure of S-roro silh, and the postenior rrvoncum
m‘dw; ed o 1 the vessels Recovery was sansfactory, the panent bang
g T“un:oc :‘\Splul on the seventcenth postoperatne day 1 gtx:l
Curles 7. Don mehs later, catherenzation studies were performed by Drs.
<t 20d Danel S Lukas The findings were n heeping with a
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tight mitral stenosis. Thercfore, on April 14, 1951,  left auricular appendectomy
and commissucotomy were carried out with an execllent chnical resule The
salicnt pre- and postoperative catheterization data are shown n Figure 57, In
suitable patieats with mitral stenosis, auricular fibrillation, and embobic phe-
noricnon, 1t would seem desirable to ateack not only the cmbalus but also to rid
the patient of the source of the embolus, usually the Jefr aurrcular appendage.

In general, the contraindications to an embolecromy are: 1) paticnts
with emboli to the upper extremity and those m the lower extremity
from the popliteal artery down. Ocelusion of an artery m the upper cx-

Preoperative Postaperative

Cardiac Qurpur
L/min
Rest 3.78 +37
Exeraise 73 495
Pulmonary Artery
Mm Hg
Rest . 57 45
21 21
Exercise . 76 74
39 34
Pulmonary Capillar:
Mm Hg i
Rest . 26 8
Excresse . 34 32
Mirral valve ares n em? 070 238

Figure 57, Cardiac Cathererszation, (V- MeC, 44 yrs,, )

tremuty seldom causes gangrene because of the rich collaterat cireufation,
whtle a black 1n the popliteal artery 1s usually associared with operative
techmucal difficuties which ourwergh the usual values of operanive over
nonoperative management, which Dr. Walbur Duryce has discussed in
his presentation. 2) The age of the paticat and lus associared arterio-
sclerotic process make unwise an operanve removal of the embolus in
the elderly for two reasons First, the vessel is often sclcrove to a degree
which predisposcs 1o thrombosis postarteniotomy, and, secondly, there
has usually been pars passue with the arteniosclerotic process an increment
in the efficacy of the collareral carculation so that sudden occlusion of the
main artery may be beerer tolerared 3) When the ume fag betrween dhe
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oncet of the embolus and the operanion is such that catly wreversible
dhanges in the foot are presen or local changes of adherence of the
anbofus to the vessel wall may lead to thrombosis follow ing artenotomy
de 1o endorhelial damage. The recent development of regronal heparim-
tawon by Freeman, Wyhe, and their associates (3, 4) broadens the
indcations for embolecromy as far as the age and ume factors go. A
plsthene catheter 15 introduced into the artery above the arteriotomy
casion 20d S0 mg of heparin in 500 cc of § per cent glucose in water is
dloved 1 rur aver 2 penod of taelve ta tuenty-four hours Heparini-
H.n’m may be continued for one 1o five or sic days by this method
wlw«}x senously ahering the genenal clotung time. 4) The general
condition of the parient sncluding his cardiac starns may preclude an
Wﬂn‘; procedore s too great 2 nisk to e

The ideal management of the pauent with an acute thromboric oc-
thuvion of 2 main artery 15 sull conservanve or nonoperative, Throm-
Bectomes with regrons! hepar may ionally be ful
bur are wsually surgical exercises, and the loss of hfe duc to aperative

l.n!twmu‘on probably overrides the mfrequent success following surgical
menention under such arc: F |

F . meth-

“K\\IU Jead 3 favorable outcome m the majonity of mrsnnccs

m‘mc::: a;reml nccluxjon due to tr3uma occurs & 1th sufficient frequency

<hgt planned cor of its 2 which 15 ful sn.
Eh percentage of cases. Whether the myury to the artery has oc-

crred, o
iy @ the one band, wn the street, n an mdustrial acaident, of due to
T,
e m;:s[ on the other, during a procedure in the operating foom, time
wnporeant factor. From two to twelve hours 15 the golden

period for . i
e m:r:;sfl: of 30 artemal 1njury, The tdeal in management 1s

P epair by dusect sutare or by an autogenous vemn grafe
- ::::’zgm:;’amml graft. Arrenes which have been ligated dfnng
e hpc § (::c procedure such as a hermoplasty or dunng a fugh
Yoy faliw\\f\:a dmmay well be reconstructed twelve to twenty-four
. S[D.Smo:;xc ° uze of the wound with a lugh expectancy of success
G ;'v"\pc of acure arrertal occlusion seen most frequently
el o o v’mrmbosls of the lower extreruty 15 handled best by
Bl g o iomus passive and active exermse of the leg with
i heygd o oon after the anset as passible The artenal spasm
000 28 the vertous block has cleared, usually a matter of
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onc or two hours or less. Previously we have managed several cases
satisfaccorily by venous thrombectomy of the superficial femoral vein
ander spinal anesthesia followed by anticoagulants, clevation of the foot
of the bed, and massive warm compresses ta the leg. However, Veal's
methed (2) is so much simpler that it warrants a thorough trial in this
group of cases. Occasionally, spasmotic occlusion of an artery wilt foltow
a fracture ar distocation of a yont which 1s in close proximity to the
vessel, A paravertebral or stellate ganglion procaine block and anti-
coagulanes will usually suffice to abolish the arrerial spasm following
correction of the fracture or dislocation.

The surgical therapy of chromc arterial occtusion should, in my
opmion, be himited to carefully selected cases, uswally after 2 tharough
trial with nonopeeative measures, In the surgeon’s armamentanum
there are several procedures which have been cxplored during the Jast
five yeacs, but only e scems to have a real therapeutie effect 1 properly
sclceted cases, namely sympathectomy. When this operanion is carricd
aut mndiscrmunately and rounncly on patients with chrome arrerio-
selerotic and thromboangistic occlusive discase of the low er exeremities,
1t has been disappointing and frequently without vatue, Converscly,
patients with demanstrable vasomotor tane of greater or lesser degree,
then sympathectomy may effect a bencfinal change sufficient to warsant
sts use. Both on the Fourth Surgteal Devision ar Bellevue FHospital and in
prwvate practice, 2 good resnlt following sympathectomy has rarcly
evolved when prehnmnary tests have shown no evidence of vasomotor
tone. When possible, we have employed the caol cavironment of a
constant temperature room ar 68° I and have carried out a paravertebral
block with 40 cc of 1 per cent procaine. If 2 temperature nse m the
tocs was detectable or 1if a cyanonie hue changed to pmk or if constricted
vens over the dorsum of the foor became full, then we have evidence of
some vasomotor actvity. If the procaine black has not produced any
obsjeetive change, then the passent 15 subjected o reflex hear, esthers by
immersion of the hands and forearms 1 warm water or by 4 hearng pad
1o the abdomen. Should any of the above changes accur 1 the foor, then
we hnow that there ts some vasomotor activiry and that the procane
block was meffectual. A sympathectomy, thercfore, will be of value
On the other hand, when no objeenve change has oceurred with erther
mancuver, then a sympathectomy 1s clearly contramdicated
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Amher swustion where sympathectomy i uscless is in the panent
hose only complaint i intermittent clawdicanion. Sifbert and his asso-
ates (§), Elin and Cooper (6), and others have shown that symp:uhcuc
erve blocl, and sympathectomy do not increase muscle blood flow, in
ict, may acteally decrease it. Certainly the panent who would benchit
om 2 sympathectomy because of skin changes 11 the foot of tocs should
v be deprived of the operation because of an associated Intermeent
danbcarion, bus st should be clear 1o the paneot and the physioan that
w0 improvement in walking distance will resule per s¢ from the sym-
pudhectomy.

Let us examine some of the other new and Tevived operanve pro-
csdures ciscussed 10 the current lirerature as having value i the manage-
e of cheame arterioseletotic occlusive disease One of thesc, the so-
allel revascularization of the leg by the production of a three-limbed
aenovenous fistula, has recently recewved favorable comment by John-
ston and his assocsates (7)., and by Ruggiero and Winficld (8). From
1900 to 1915, several teports were made about its possible effcet on the
oredaon to the lower extremuty, and Bernheim (9) reported the
{dlow-p of one parient m 1931 who had been subjected to quadrilateral

; fistula with prolonged (18 years) imp . The pnin-
2;““"“’&'"‘% the use of this procedure is that the femoral vein can
has b;“ﬂ’“‘mupplﬁng Blood to the capsllanies when the mam anery
drogh ‘;:in :d.'lkl has bcm‘con)cctuud that the reversal in flow
st of even lﬂ ‘!"Tf{l ed to utilizauon of oxygen by the tissucs as a tev
= Ipp:rem“ ho low through fhc capillanies Several obvious defecrs
Voo Hlv;s‘:ﬁ' wlu_!::ﬂ of which may well be impossible. First, the
versed Bow of M:;’z ;jr l: temporary or permanent block to the re-
breccs of the vevn dive] ence passibly to thrombosis, Sceondly, the
Soricatng by !u!z fm 1ts amastomosts 1o the artery may afford
raching the erph?ﬂ;c; °['h‘hc tlood 1o return to the heart withour
seeed 1 cxcher chiiea pillanes. Thx'rdly. no evidence has been pre-~
non of or mutenal of an d unfiza-

OTygen by the tissues of the discal ¢

““'\sz‘ﬂmrmil’zrm {10) hsab parts of ehe extramiy. Re-
SR 3 facals ) reporead on exght panents n whorm chey
impending o franic 1 the femaral vesels of ten extrermues with

vascalat df:’f:::ﬂ 1 seven patenes with arenioscleronc
wh 2nd withour dibetes, and one with

elusive
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thromboangiitis obliterans, They found the operation to be of question-

able value in only four Iimbs. Our experience with the procedure has

heen limited to some eight patients and in all but two it was of no avail.

One patient has been lost to follow-up after three months of observation, .
and the single good resule was obtained stowly over several months by

averung frank gangrenc 1 a 66-ycar-old man with impending gangrene

of his toes and distal half of the foot. Six months fater, 2 lumbar sym-

pathectomy relieved the pain which had persisted in his toes. On the

basis of the above evperiences supplemented by unpublished data, one

might safely conclude that the operation of creating a threc-mbed

arteriovenous fistula between che femoral arcery and vein is onc of
dubious value and wilt need the presentanion of further favorable ex-

pertence with 1t before accepting the operation as an adjunct 1n the care

of the patient with chronic occlusive arterial disease.

The operation of “scraping” the thrombosed artery, leaving a shell
of media and adventitia, has been popularized by Bazy (11). The pro-
cedure includes isolation of the thrombosed artery from the point of
occluston distally as far as possible—usually the lower end of the pop-
liteal artery, preservation of its branches, longitudinal incision through-
out the length of the exposed artery, scraping the thrombus with the
adherent intma from the lumen, then suturing of the entirc arrerial
incision. During che operation and postoperatively for two to four days
continuous anticoagulane therapy with heparmn 15 necessary. Several -
published studies have been made and some favorable results obscrved.
We have carried out the procedure only three times but with disastrous
results, one patient dying on the fourth postoperative day from hemor-
thage and shock due to the hepatin therapy, while the other two re-
thrombosed their arterics i three to stx days. The operation 1s tedious
and has the basic weakness of the fact thae the arteriosclerotic process 1s
usually extensive and progressive. Wylie and hus associates (12) recently
reported favorably on an improved techmque, using fascia lata and
regional heparimization in some cases This method 1s ccmnn}y the most
promising one to be devised for the thrombotie group of paticnts.

A third operauve procedure which scems likely ofgr?nrcr successful
application, although suitable cases arc in the minonty, is the resection
of a relatively short segment of the thrombosed artery followed by in-
sertion of an autogenous vein graft thereby effecting sestorasson of
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Figure 59,

T 55, (1
@ gLt Re

) Section of ::::l l:i“sfhmcs:gmu“; ‘:mm clavicle, subclavius muscle
Yood
N mfu‘:g:i":“‘;’:l;}\; mam asterial channel. Holden (13) described such
dy caly oy nli in?ry fcllow:up of four months. We had one
4 }‘“):zsem of 81 years in whom the arteriogram revealed a
tugh 3y Odmrd.)v :imn( ;f fcmo.nl artery 1 the muddle third of the
2 oty 5y A ere claudication had been the only complaint, and
Tmpadhectomy performed seven manths carher had been



RN \}\I\ Al
igure 61. Remotal of medial segment of clavicle
270



SURGICAL THERAPY OF ARTERIAL occLustox 171
wiout mfivenice on the paticnr's walking distance. The thrombosed
sneral segment was exeised and replaced by a vein graft from the ac-
copnyng femoral vein. The fumina of the proximal and distal arrenal
segrenms were cresentesic due 10 marhed plague formanon. Postoper-
axe anneoagulant therapy was discontinued after four weeks. The
qesenos tbial areery pulsated well for six weeks, wherenpon ix abrupely
ppeated, suggesting a fresh thrombosis of one of the anastemescs oF

gt e on e e

oesibly

'mmh;} s;":\i‘;";“ m the arenioselesone astery. Follow-up for five
b funher ext e V““‘c“"s condwon remains ummproved. Only
ol 2boye, _);fh‘&hcs wifl we be able to evaluate the operavon de-

afery e paucnt stands Tittle 1o lose because of the selanve

¥ of the operanion, by
bt the d
i the procrduee b suacssl'u‘l{"pomm question 15 1 what percentage

Finalg,
lys the operati
Leniche peration of y has many prop: such as

sy, "
thacq )\::e:“:)“ibn {15}, and others I 1s based on the principle
cgment of artery serves as the sumulus of the afferent
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arc to cause vasoconstriction through the sympachetics at local levels
not affceted by lumbar sympathetic ganglioncctomy. There is no group
of paticnts more difficult ro cvaluate a form of therapy than thase with
chromic artenial occlusion, and, thercfore, the efficacy of artericctomy is
hard to yudge. In three patients in which we have carned our this opera-
tion, no improvement was observed.

e e i e

T'igure 63 Eaposure of scalenus antenor muscle and phrenic nenve,

Before closing, | would Jike to describe an operanve procedure which,
as far as I can determune, 15 a new approach to an mteresting group of
patients suffering from temporary and somctimes permanent occluston
of the subclavian or axitiary artery duc to onc or more of the shouhder-
girdle syndromes. This procedure was evolved by Drs. Trving S. Wright
and Robert Hucbner and the aushor ina group of eight patients suffering
frotn a combination of two or morc of the follow ing syndromes hypes-
bduction, scalenus anticus, costoclavicular, with or withour 2 cervical
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b Fout of the patients had experienced complete occlusion of the
awlary o subclavian artery after a period of ntermittent occlusion
wwated with varying positions of the shoulder girdle and the arm,
eress the remaimung four had exhubited only intermirtent occlusion. In
fur of the cight patients, the condition was bilateral, two show ng

anferior muscle sectioned Phrenic nerve (), subelaun
golar von retracted (C)

Y6 Seatens
1), extermgy o

Barerg) i}

%n“h:e:‘l:;mn while in the FemaIng tw o 1t was intermuteent. Only

_ (XQ!“Q;[‘ showed Raynaud's phenomenon, The reader 1s referred
i sesiew by Beyer and Wright (16) for a discussion of the
2095 3 nonoperatiye therapy.

‘¢ Operary
,:‘ dingly fb‘l;oirc:{m:mc consists in total subperiosteal rescction of

s 2y Yy temoval of the periosteum, dwision of the
- 53-65)“‘1;, musele, ang mobilization of the subclawan arrery (F 18-
P s e r:su!rs' ' eight panients with twelve mvolved vpper

" wniformly excellent 1n the follow-up of tno to
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fiftcen months, In those without thromboses, the radial pulse is strot
m all positions of the arms and in those with thromboses, radial pulsatic
has returned in cach extremity, although weaker than normal. In cac
patient, the symptoms of numbness, tnglng, fatigue, and pain has
cleared and, in one, prolonged ulceration of a finger tip healed rapid!
(Figures 66A and B). Full function of the arm remains and there b

{

i

R e N (- . -

Figure 65 P'xposure of subclinam artery (1) and brachnl plesus (£).

been no deformity of the shoulder girdle (Figures 67 and 68). How wide
the tndication should be drawn for this operation must await further ct-
perience, especially after a longer period of follow-up of the carly cases
has been obtamned.

Summary

1. The four causcs of acute arternal occluston have been discussed
from the dugnos(ic and cherapeutic ponts of vicw. It has been stressed



Figure 663

Figure 6B

25
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fificen months. In those without chromboses, the radial pulse is strong
in all positions of the arms and in those with thromboses, radial pulsation
has rceurned in each extremity, although weaker than normal. In cach
patient, the symproms of numbness, tingling, fatigue, and pain hase
cleared and, in one, prolonged ulceration of a finger tip healed rapidiy
(Figures 66A and B). Full function of the arm remains and there has

z'

-

P A

Inguee 65 Faposure of subclavian artery (1) and brachual plesos (E).

licen no deformuty of the shoulder girdic (Figures 67 and 68). How wide
the ndscation should be drawn for tis operation must await further ex-
pertence, especrally after a longer period of follow-up of the carly cases
has been obraincd

Summary

1. The four causes of acute artenal occlusion have been discussed
from the diagnostic and therapeutic pomnes of view. It has been stressed
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inthe majority of patients. Newer forms of surgical procedures are sull
ontrnaf and have ot as yet made a significant inroad on the widespread
problem of penpheral arterivsclerotic occlusive vascular discase.

3, A vew operative procedure has been desenbed which has shown

muformly good early results in eight patients suffening {rom two or
more of the should, dle syndromes of hyperabd

scalenus anti-

as, costocavicular, and cetvical b which had resulted in erther tem-

SO VO |
Figure 68

el
poraty mrermuttent occlusion of the subclavian or avillary artery or in
permancnt thrombosis of the artery.
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Figure 67

that the chmeal appraisal 1s sufficrent for the apphcanion of proper thera-
peutic measures An attempt has been made to outhne the mdications
for and contraindications to surgical intervention in cach of these four
categorics of acute arterial occluston,

2. The role of surgical therapy m chromie artenal occlusion has been
critically cvaluated and the need for the careful individualizaton of cases
stressed. For the most part, a nonoperauve regme 1s the one of choice



Chapter 19

CIRCULATORY RESPONSES TO
LIFE SITUATIONS *

Stewart Wolf ¥

IT 1S an old story that changes in cardi ular function

emotiona) reactions such as anger or excitement. 1 ths were the
whole story there would be firtle pownt in rerrerating it here. Only if such
chinges are actually pertinent to cardiovascular disorders and discase 15
ftnonh our while to dwell on them. Torught T would like to summanze
for you esperimental evidence on that point gathered 1n collaboration
with Drs. Harold Wolff, George Wolf, John Pfarffer, lan Stevenson,
Gurles Duncan, Robere Schneider, John Flynn, Herbere Ripley, and

Puilipe Cardan, From the studies of these and other investigators it
2ppeacs that certain

cardiovascular changes set 1n motion by stressful
bfe expenences ma

y very well theow an important burden on the heart
#nd the blood v essels,

Such studves have involved measurement of accessible indicators of
@rdiovaseutar function from among the vanous

possibihinies which may
be grouped as follow.s
1. Mechanical design of heart pump—valves

2. Fuel for work—composition of coronary blood
and cabiber of yessels

8. Blood volume

4. Extent of Penpheral vascular bed

5. Dls(cns!bxlu)' of penpheral vascular bed
6 Resistance of peripheral vascular bed

" Presented Qcrof

Yorh Aca ber 15, 1951, ar the

24th Graduste Formughe of The New
Bracidem of Viedine,
ram D v
New yant ;]m;‘{':'mnm of Medicme, Comnell Universry Medical College-
Prored m

B from e b, O 8737 from The Comy

monwealth Fund and research
ational
Bllc Heay arion Heart Tnstitute of th

¢ National Institutes of Health,
218



278 DISORDERS OF THE CIRCULATORY SYSTELAL

5. Freouanoer, M. Siuser, S 5 and Birraarw, W “Regulation of esrcula-
tion 1n the shin and muscles of the Jower cxtremities,” Amr. [, M. Se.,
199:657-68, 1940.

6. Eunaw, D. C., and Coorrr, F. W, Jr. “The effect of vasodilator drugs
on the circulation of the extremitics,” > Surgery, 29:323-33, 1951,

7. Jounsrox, C G.; Jonuw, P., Jr.; and Croup, T.- “Arteriovenous anas-
tomosis in traumatic vascular lesions,” Amr. J. Surg.. 80:809-12, 1950.

8. Rucciero, W F., and Winriren, J. M., “Use of arterovenous shunts for

revascularization of 1schemic extremitics due to arreniosclerosis.™
Presented before the New York Surgical Society, Pebruary, 1951,
Braanens, B. M. “Arteriovenous anastomosis, follow-up afeer 18 years
of ‘successful reversal of cireulation m all four exerenunes of same
individual,! " JLAM.A, 96:1296-97, 1931
10. Skwvner, H. L, and Parsows, E. F.. “Arteriovenous anastomosis for
penipheral vascular disease,”” New York State J. AMed. 51:1843~45, 1951,
Bazv, L.. “L’Endarténiectomie pour arténire oblitérante des membres in-
féricnrs,” J. inrermat, chir,, 9:95-115, 1949
12 Whwg, E. J., Keze, E., and Dwics, O “Expenimental and chmeal ex-
periences with the use of fascia lata applied as a graft about major
arteries after thrombo-endarterecromy and ancurysmorrhaphy,” Surg.,
Gynee. & Obst., 93:257-72, 1951,
13 Howorxn, W. D “Reconstruction of the femaral artery for areeriosclerotic
thrombosis,” Surgery, 27:417-22, 1950.
14. Lemene, R, 20d Herez, L. “De 2 réaction vaso-dilatatrice conséeutive
4 la résection d'un scgment arrériel oblnérd,” C. R. Soe. Buof., 130:160,
1917,
15, Scunasvgeson, N.. “Arterectamy for arterial obstruction i the cxeremi-
ues” Geratries, 6:12-27, 1951,
16, Boyver, [ A, and Wrienr, 1 8. "Thc hy; pcmbducnon s;-ndromc with
specral reft to uts rel p o R d's sy 2" Crrenda-
tion, 4:161-72, 1951,

©




CIRCULATORY RESPONSES TO LIFF SITUATIONS 28/

1o yield any endence of structural heart discasc or other abnorm.zluy.
Trwas noted that the occurrence of tachycardia at rest and two minutes
afer evercise was closely correlsted with what went on m her da{]y life.
Her conflicts were concerned mainly with her relationship with her
npd, demanding, disberic mother. i
Atber first visit exercise tolerance (Figure 69) was considerably im-
pured As the patient was followed 1n the clinic successive tests of ex-

AS ux
7o
o
.
£%0
t 90|
H
=~
1ol
L]
X3 ez 8z 82 8.2 LB 2 8z
Srurtdus T X e Pressone
seveng  OEATH OF ool SYMPTOMS 4T womn.
MOTHER  pevven RETURN OF SYMPTOMS
V48 122ap 372048 61848 ums 29049 3874y
Figure 9. Repeareq sumanon of exercise tolerance under a vanety of circum-
sunces from d.

v t0 day The column abose “B”

represents the heart rate before
crerase, shove ¥, the heart rare o munutes aft

or the standard Master step rest
crase tolerance were made The second test was made a few days after

‘¢ sulden death of the patient’s mother to which she reacted with
“onsiderable guly and depression Although the restng heart rare was
lower thys day the evereise tolerance was tmpaired more than on the
Previous day Dunng the mterviews w tich followed the patient was able
 talk mgre fiecly about her relations w ith her parents and brogher

‘® patient remasned

this time ghe arranged

completely well for another seven months, A¢
for her husband to obrain a job at her factory.
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7. Bloog viscosity

8. Stroke volume

9. Heart rate

10. Blood pressurc

Tt has been shown that all of these fancrions that have beex measured
may become significandy altercd during an individual’s attempts to
adapt to people and cvents in his environment.

Method. The various techniques and procedures involved in these
studies are outhned in the original publicanions (1, 2,3, 4, 5, 6,7, 8,9,
10, 11, 12}, In general, the studies were carried our as follows:

Parients with various cardtovascular disturbances were collected and
followed in 2 special chae. They were studied with reference to back-
ground and life expenience, attitudes and aspirations. These data were
gathered from face to-face interviews with the panent and other mem-
bers of hus family, from dreams, associations, shps of the rongue,
gestures, and behavior. A diary record was kept from day to day in
which events, astitudes, and reactions were correlated with the occur-
rence of symptoms and cardtovascular discurbances. When such obser-
vanons indicated repeatedly a temporal comedence between events
provocative of significant personal conflict and measurable changes 1o
cardtovascular function, onc had presumptive evidence thar the two
myght be related. The validity of this suspicion was then tested 1n a
shore-term experimental observanon. Recordings were made during 2
conirol period of swrable lengrh while the subjece was relaxed and ¢
case. Then the topic of suspected conflict was introduced abrapry for
discussion. YWhen the reaction to this mancuver included the sought for
cardiovascular change, the evidence was considered to have been
strengthened After several minutes the “stress period™ was terrmmated
by strong reassurance on the part of the experimenter and attempts at
dwversion When the disturbance could thus be “turncd off ' 1t could be
farrly concluded that the ltfe situarion and the cardrovascular response
were indecd connected.

Results. In Figures 69-78 are dlustrated sample results of the studies
on various ndscators of cardiovascular function

Heart rate and exercse toletarce, Figure 69 1s 2 graph of repeated evercise
rolerance teses performed on a 24-year-old housewsfe who complamed

of palpiration, chest pan, and dyspaca. Carcful examination had faled
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oldhee cldest sister died after a Jong illness. Shonly after this event the
petent had her first atcach of tachycardia, and continued to have “"0:[
0 atmcks 3 year unnl the age of 19, When she was 19 the atacks
ceased soon after she mee the man she Jater married. A few years there-
after she was faced with the responsibilitics of pregnaney, and she had
# sngle amach dunng pregnancy. When the panent was 25 both her
fuber and 1 sister to whom
the was quite devored died
wihin a few weeks of cach
aber She bore the immedi-
e shock well, but a few
veeks bater began to be
wobled by feelings of guile
toward her sister, whom she
£t she had neglected Her
sister appeared frequently in
ber dreams, Wyle broodmg
s she had two attacks
wihina weel and continued
© kave others duning the
course of a reacyve depres- ey
Sonher mother suffered Ag- €= RELAXING _AGAIN ]
acks continved ar abour the

Figure 71 Abrupt accurrence of exera-
Same rate unn, when e Pa-  sysoles i 4 $5-year-old woman during a
bent was 3) discussion of pertinent personal conflicts

5 increasing ten-
$ion and frustration s deal-
g with her domestie

problerms were associated with the wmereased fre-
9oetcy of artachs why

ich brought her to the clime.

2ystoles. The occurrence of extrasystoles duning the contempla-

on of 3 seressful event 1s Mlustrated 1n Figure 71, The parcnt, a §3-
Yearol woman, complained of *nervousness *
The father of the Patient was often depressed and her mother stern
and dmmncv:zmg The panent gave catly evidence of anx
chuld 1 frequene tughrmares, nar) bicing, and feetings of *
:‘hcn mthe company of her mother She had planned a career 1n music
d“l 3t the age of 17, after the onset of bifateral chorioretimus, aban.
oned 1t She was by no means tpeapacitated by her imadequate vision

tery as a
Dervousness™
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intending to resign from her own job and have 4 baby. Her boss, who
had obliged by giving her husband 1 job, hinted that he would discharge
her husband if she left the company. The patient felr frustrated and
tense, but was unable either to express her feclings to the boss or leave
her job. In dus serting she had a return of the former symproms in
milder degree. Although her resting pulse rate was only slightly higher
thant had been, exercise tolerance was impaired and continued so for
some months thereafter.

-

.

s

Avtacks of Tachycarda per Three Months
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Do aen rd el
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Tigure 70 Dy of thc freq of artachs of parovys-

B 3
mal tachycardia dunng the hfe of a 34-year-old housew fe

Heart thythm—parovysmal tachyeardra. Among the disturbances in
thychm which have been found o be correlated with the hfe struation ss
paroxysmal auncular tachycardia. The frequency of attachs over the
period of the fifc of a 34-year-old housew rfe 15 illustrated in Figure 70.

The patient's father was a house pamneer of moderate means, Both
her parems were “worrters™ and both enforced a rather nigrd discipline
au the chuldren who were required to participite i the famuly duties
and responsthulitics at an cacly age. Notu tehstanding fear of her (-\tl\c.!"
and aswe felt for her mother, the patient descnbed her family as 2 “closc’
onc in which the members were intmately dependent upon each other
The patcnt said, ¥] think 1t was a h_?ppy cluldhood, but the sort in

which one grew up before onc’s fume When the patient was 8 years
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dhough she was presently complainiig of excessive menstrual blecding,
there were no positive physical findings. . .
During the recording of the electrocardiogram the patient was inter-
weved Heart fate was initially normal although aceclerated. She ex-
pressed profound wornes about her health. As she expressed fear that
ber menorthagia was due 1o cancer, she became agitated and began to
seep Heart rate vatied rapidly up to 140 and down to 128, then sud-
dealy quncular fibriflation began. .
Cungesin electrocardiogram. Dunng periods of sigmificant conflict while
dscussing peesonal problems, a diminunon m amphitude of the T wave
05 mm or more was recorded in 18 subjects of 35 studied with and

Blectrocardiographie changes 1n 35 patients No of panents

showog diange
during periad of
emopnad dis~
turbance
3. Increase 1n heart rate
40 or more beats per minyte 3
30 0t more beats per minute

8
20 or more beats per mnure 17
10 0r more beats per munute 2
Less than 10 beats per minute ?
B Changes 1n thythm
All arthythemyag ¢
Paroxysmal auncular fibnllation 1
Pazoxy smal auricutar tachycarda :
Extragy srofes 8
Auricular 4
Nodat 2
Veatreutar 6
€. Changes in electrocardiographic completes

ATUAoN 1n 2mplirude of T waye 18

of tiore than 0 5
€ in direction of T wave 8
ST depressions 0 5 men or more +
depressions less han 0 5 mm 2
Wave mereased n amplirude L
P wave decseased 1n amplrude 2

Py g
Sussions DIR“‘“EN:YFS;::mg'%“P}“C changes observed duning dis-
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and was able to get around casly and even to read large type, However,
she did hetle for hersclf and subsided into a stare of dependency upon
ber family, who, 1 turn, omiteed her feom the family councils and in
general treated her like a child, After the death of her parents, a younger
sister contimued this practice, assumed supremacy among the siblings,

handled all financial eransac-

1)
5% THHHT T wons, and freely dircered the
b+ [ LT .
REEEERRANTRS + atient’s Jife. Inher durties the
H " P ,
v . .
A atient became pregnant with-
[T A= Quiet Before interview T17 P preg .
{4+ P-R=020  Rote N34H out marrage. Retrospectively
TTTIrT Ty Ot Jeast, she fele that the man
 RERNANNNEEE ﬂﬁ de‘l %L}j mvolved would have marricd
1
3 #:E‘E her, but for the meddiesome
H g T e
£TrT 8- Fear of Cancer = ﬁ mrerference of her family

T P:R=0__ Rate MOTY which drove him away. Her

TT T fammly urged her to allow the

LT 1

NN { legitimate chld 10 be
Fit#;ﬂ::b adopred, bur she clecred to

SRR
~Aniety Persate | HRAH raise hit herself. This she did,
£R:012__Rote 128 — _ not unsuccessfully, wirh the

f

T

7

IS SARERRARDEN NN SN N .
FEEEETEEEEERFHEEEEEEE bop of he famly and one
Llll{){iﬂ Wll!"l—:J I%T}Tli‘[ﬁrw ard from the [ "
D~ 30 Saconds tater AR Relattons with her sister con-
Auricular Fibrillation Rate 158 rnued ro deteriorate and a few

e vIsit to
Frgure 72, Abrupt occurrence of aunicutar years before her first v

fibrillation dunng discusston of pertnent  the chme palpitations began,
personal conflicts. assoctated with  alrercarions

with hee sister. She fimally
withdrew from the Jateer’s home and “went on relief.” During an inrer-
view in the {aboratary wiule connected with the clectrocardiograph,
frequent extrasystoles appeared as she answered the question, “How are
you supporting yourseif>”

Auricular fibrllation. Even such a major arthythmua as auncular
fibrllation was found to be refated ro stressful events in the hfe situanon
An cxample 15 lustrated 1a Frgure 72. The pateent was a 39-yrxxr~0k‘)
housewife who had carlicr undergone subtotal thyroidectomy for Graves'

discase. At the preseat tune basal metabolhism rate was normal and, al
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dcasson of stressful topics. An example of sucha finding is illustrated
inFigure 76, .

Rl Hood floez, Another aspect of the citeulation which has been
thoughe ca be closely connected with diseasc, espeaially in h)’ncﬂcnsxoﬂ,
s the rerl blood flow, Accordingly, 35 subjects with csscnnal' hypcr-(
tnon a0d 13 normorensive subjects were studied by d:\c techniques o
Homee Stith {13). Effective renal plasma flow was estimated by clear-

MV G Lead 1t

W

RATE 9¢ o= RATE g
A Quiet before exercise
B One munute after evercise
C. Six minutes after evercyse
D. Two mnytes later, anxious about heart

Figure 5. Smiaruey of electrocardiographic changes following exetesse and
during smviecy; sore inversion of T wase 15 lead 1l

nce of para-aminohuppurate and glomeraufar filtration by inulin-clearance.
The details of these studics have been reported elsewhere (2) bur the
Protacype of the responise 1s shown i Figure 77, Both hypertensive and
controd subjects whose blood pressute rose during the mtervies sitwanon
tsplaged cvdence of remat vasoconstriction, with a sharp reduction 1
the effectve renal plasma flow and an inereased fileration fracnon.
Covament Such changes 1s these s ould only be important if they were
?::Mc ndmidually or collectively of making the patiens sich Since the
mn has 4 great segerve eapaciey o meet short-term demands, 1t seems

ikely thart any of th
oo y of these changes, when short.lived, has any imporeant
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without heart disease. Other changes noted are summarized in Figure 73.
An illustrauve tracing is shown in Figure 74 in which a 49-year-old
man was reminded of his anxicty about his heart. Such changes in the
electrocardiographic complexes were very similar to those induced by

Mr N.B. Lead 11

|
|
|
|

A. Relaxed Rate 72
B. Anxious about heart Rate 93
C. Reassured Rate 71

Figure 74, Depression of T wave in the electrocardiogram during a period of
anxiety,

exercise n individuals with impaired coronary airculation as shown n
Figure 75 (11)

Blood wuscosty. In studies of changes in circulatory hemodynamics 1t
has been customary for investigators to assume that blood viscosity will
remain fairly constant for short periods 1 the absencc.of blecding or
serious trauma. In our own laboratory, however, Schneider (8), using
the viscosimetric method of T'ang and Wang, found that blood viscosity
increased as much as 20 per cent 0 company with pressor resp to2
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wostance and s equiced to fill a vasculse bed of vanable size. The
adequcy of the heart in debivering blood t0 penpheral tissues depends
dreedy on the quantity of blood pumped per unit time. The amount of
wetk required 10 accomplish this joby wall vary not only with the de-
ands of tisswe tmetsbolsm but with the degree of peripheral resistance
pronded by arteriolar constncnon or changes 1n blood viscosity. An
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Figure 77
““i"‘ﬂnm T()]\“E“ 1 renal hemodynamucs dUTING Pressor respormse to stress
Haehung the ¢ blackenied secnions represent the stress penod, and the crass-
g the concrol penads before and afrer inter e
Terase i
Seven :ienphcnl resisrance will necessanly require more work of
a ' 3
Thy b :or;: oxygen £ 0 Tt \
o of ussue demand and wark
Boirared oy done by the fieart can be

e ot dml;ec:]ursc to rh; underlying physical principles which
sy, crome m“lnmm ow through a flmd system to pressure,
P :tim area, and length of the condur (Figure 78)

F Hond 1 pep lccx:mxe i perpheral resistance iereases the flow
emormg u:;l]:f tissues 1f blood pressure 15 mauntaned, yust as
Tom 3 garden hose increases the flow of water

As shor
wn by the formula, 1f peripheral rosistance 1s sharply reduced
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To presuppose cardiavascular damage it would probably be necessary
1o demonstrate sustained and significant increase in cardue work or
interference wath the nutrition of the heart or vessels.

The adequacy of cardiac nutation may be reflected by the efectro-
cardiogram but it 1s not possible to draw very sweeping inferences from

It 38 50 o
é U
R . .
2 g 0 3
1@ AP -
2w 2 L
H B o = e
3 FR - s I3
2o 2 oecLoTTINE TIME asnguaTocHIY . e
H b PR 1
3 @ ROLLATIVE VCRSITY Y 3 -
© ol ¥ 4ol o X dew
* * *
M
5
2
&
b
¥~
s
o
g3
F
wwTes 90 @ %0 ito
POLTHNA G INTERVIEW=)  3TNONS REASSURANGE
Thes 10 ReLar meurace rorics
wIFE'S weART
conmas | OVILE worst
couLo se, RNR A
wrrenes ntérse
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ANxIOUS~ FEARFUL
WORNED~ HOTLE

Figure 76, Increased blood viscosity and hematoent assoerited with shoreenng
of clotung tme and sedumentation rate during 3 pressor responst to 2 SIeEss

ingerview.

examnation of heart waves With the ballistocardiograph and other
tools, however, 1t 15 possible to ger 2 rough approvimation of relatve
differences in cardrac work.

General hemodynanies. n ordinary suff pipe pumping systems, the
effectiveness of the arealarton may be measured in terms of the efficicney
p and che aceual work done. The effectivencss of she heart

of the pum; :
hesc terms sice 1t operates against a vartable

cannor be judged in d
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wncstase 1 periphenal Tesistance with steake volume maintaned the
sme

These facts probably explain why vigorous and prolonged exererse
irsouellwlerated by a healthy cardiovascular system 12as well known
dardunng exercise penipheral resisrance 35 grealy reduced while strohe
whame 15 1ncteased, Out own expenments were performed with the
klsocardiograph immediately following 17 trips over the Master
sepsand at sntennals of § and 10 minutes thereafter. While the balhisto-
abiogrsph may not be swtable for comparauve determinations of
cndat ourpue from mdividual to indiidual or even from day to day,
e rehably reflece relanwe differences i candiac output m an indi-
vidual subject when used more of less conunuously 10 a single expert-
e,

Respomse 10 exercise and discussion of exercise. Neasurements gy rest
ol fallowing everaise 1n 20 hypertensives and 28 healthy normotensive
sabiects are shown tn Figure 80 Although the initial values in the o
Froups were dsfferent, the pattern of response was wdentical and included
sharp mse in strobe volume associated with a decreased peripheral
Tesstance

fruzs uninecessary for the subiect o actually take exeraise i onder
::mvokc the “everaise parrern”” of cardiovascular adjustment Mercly
m“;‘;:ﬂ?;ht prospect of exeraise with an individual who on previous

ad undergone a double Master step procedure was sufficient

1
Irng sbout the charactenisuic hemodynamic changes as shown
" Figure 51

m’?‘“;}:n:yxmc pattern of igh carduac outpur and Jow penpheral
_— hemn mantaimed over fong persods of ume without damage
Bl since 1n Graves' disease cardiae cntatgement and ultmate
) ¢ rare 2ad fate complicanons.
thz: ;Z:ltn;zl hypertension, on the ather hand, whete 1t has been shown
Mooy &i ez} ressstance 13 increased and cardiac output and perspheral
hrgnnv; are on the low side of normal (15, 16), cardiac damage, en-
¥ bc; and fadure are the role.
cona, :m desirable 1o ascertain under what circumstances these
o Ng parzerns of cardigvascula adapranon conld be mduced. As
¥ ponted our, evercse was umformi

with
output ang lov.cnng of penpheral n:sxstanccl.
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company with an increase in cardiac output a much bigger job of floeding
the tissues with fresh blood can be accomplished with comparasively
lietle increase i actual work being done by the heart. If, on the other
hand, peripheral resistance is increased, blood pressure rises and more
work 15 required by the heart to meet tissue needs since delivery per
umit time to the tissue depends upon output per unit of tune by the heare,
Thus, within the hmies encountered in 1 well-compensated crrculation,
it 1s convenient and fairly accurate to consider that increasing strohe

1wy
G

work = 2 4

Q = CARDIAC QUTPUT

R = RESISTANCE IN AORTA

W = WEIGHT OF BLOOD MOVED ({3 x1.05)
V = MEAN SYSTOLIC VELOCITY

( strohe volume )
cross section of aorra x 0,34 \/Eﬁgrh of cardiac cycle
¢ = GRAVITY CONSTANT

Figure 78 Formula for evpressing work of the hearr “R," resistance in
aarta, corresponds raughly to the mean blond pressuce Changes i “R* reflect
changes 10 penpheral resistance when “Q,” cardiac outpur, remarms constant

volume without an undue eclevation of blood pressure 1s a refanvely
cconomtcal way to meet ussue demands wisle a nise i blood pressure
without increased stroke volume 1s wasteful of cacrgy and dacs got in-
crease ctreulation

Tlus mference receves added suppore from the work of Evans and
Matsnoka (14) with heart-lung preparanions i dogs  Using the relanion-
shaps contamed in Poisewlic’s law (Figure 79), they noted that candiac

lengthy of arrery x vtscosiry © § = x cardiac outpue
CIOSH-SLCHION area ?

BLOOD PRESSURL =

Fraure 79, Mathemanical expresston of Porscuille's law  Cross-scction area
rcﬁcczs the contractile state of the sreenoles

efficiency was greater ® hen blood pressure was raised by an tncrease
1 stroke volume with pcnphcml reststance maneained the same than by
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neeease in perspheral resistance with stroke volume maintamned the
e
These facts probablly evplain why vigorous and prolonged exercise
i uell tolerated by a healthy cardiovascular system Tris well hnown
dutdunng exercise peripheral resistance is greacly reduced while stroke
whme 15 increased, Our own expeniments were petformed with the
Bllstcardiograph immedately following 17 trips over the Master
s and at intervals of 5 and 10 minutes thereafter, While the ballisto-
arfiograph may mot be sweable for comparame determinanions of
asfiac oupur from individual to individusl or even from day ta day,
2e rekably reflect refanwe differences 1n cardiac owpot in an idi-
dul subject when used mote or less connnuously 1 a single expen-
e,

Respanse 19 exercise and discussion of exerase. Measurements at fest
I fllowing exercise in 20 hypertensives and 28 healthy normorensive
Sbjeets are shown 1n Figure 80 Although the nimal values m the two
frogps were different, the patten of response was identical and incloded
28 nse 1 stroke volume associated with a decreased peapheral
Pststance,

fvas mnecessary for the subject to acrually take exercise n onder
‘gmvulc the “evercise pattern” of cardiovascular adjustment  Merely
g the praspect of exercise with an individual who on previous
“ecssions had undergone 2 double Master step procedurc was sufficicnt

to b ’
bring aboue che charactenistic hemodynimic changes as shown
" Tigure 8y, =

The hfmo\i)'mmic
Feaistance tan be
15 the hear
falyre

Ine

pattern of high cardiac outpur and low peripheral

mantaned over long penods of hme without damage

fince i Graves' disease cardiac enlargement and ulumare

1€ taze and late complications

l]\::}:ﬁ:\i;\)'pemnsmrf. on the ather hand, where it has been shown

oty g r:lshm\c: 's wncreased and cardiac output and penipheral

o :nd(;‘; the low side of normal (15, 16), cardac damage, en-
W blure are the rule.

rsing pa‘r’::r::m:" 0 ascennin under what circumstances these
el poneg of eurdiovascular adaptanion could be smduced. As

opr o, exereise was umformly assoctated with increased
nd lowering of
g of peripheral resistance.
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Stressful interviews. Obscrvations were made on the effect of stress-
ful life experiences without cvercise Data concerming the personality
of each subject were derived from interviews with the patient and other
members of his fnmily, from associations, analysis of dream material,
and psychological tests. A further appraisal of aturudes and motivations
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Figure 80. Hemodynanuc changes before and after excrenc as measured 1n
normotensive and hypertensive subjects. “B” mdicates before exercise, the num-
bers refer to derermunations made 2, 3, §, and 10 munutes after evercise,

of each subject was made by observation of his teacnions especnally dar-
g discussion of difficule fe experiences, by things said and lefe unsaid,
by gestures, slips of the ronguc, blocking, projcctions and other mdica-
tions in his behavior and stream of talk These data were then correlated
with the symproms and with the measurements of clrcul:nfury functions.
The first striking finding was that the type of cardnqvascular dis-
tutbance encountered during relatively overt emotronal dls[urbnncc?-;
the kind any obscrver could recogmize—was stmlar to that scen witl
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tenoe, probably well tolerated by the body cconomy and of no sig-
wessee 10 seation 1o disease (Figure 82). This may explain why
dbriowsly nervous patients with cardiae symproms, so-called cardiac
resotics, bive 50 long with healthy hearts. The cardiac overwork in
‘xreavng ourput is probably sbways shortdwved because, unless exection
1 oxdermaken, the peripheral blood supply will quickly exceed tissue
demands, thus making the process a self-limiting one.

T ————————4

TME N MNTES

Figure 1 Fne
G . .
oo of evreny - P Of hemody mamic adiptanion evoled in an-

The my
Te costly .
tered when ghe y pareem of cardiovascular adapation was encoun-

peared calm g Ml’“r‘:“‘ subjected o0 sgmificant emotional confliers ap-
851 This pactern § traned and often altogether undisturbed (Figure
Pt 15 oy 4 n" which peripheral resistance 15 ruised and cardrac
6 s ont reased does not resule i 9n wnereased supply of blood
ssue demang G hence e ined indefinitely without d
nother way, zs,nl‘h“ this mechanism 1y self-perpetwating To pur 1t
e tg k‘;:g as penphenal restseance 1s tugh, the heart must
'tk harder than normal ta maintam the same supply of
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blood ro the tissues. This pattern of reaction to stressful interviews was
characteristically encountcred in paticnts with esseatial hypertension.

It was not charactenstic of all hypertensive paticnts, however. The
possibility suggeses itself that those patiems who live for years with
high blood pressure without cardiac or vascular damage may be those
who have adopted the more ccononncal hemodynamic pattern of high
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Figure 82. The “exercise pattern” of hemod) nami¢ adapration observed during
a stressful interview

output and Jow resistance Since this pattern should be sclf-lmting in
view of the fact that tissue nceds are beng exceeded by the mereased
peripheral arculation, it may not actually be presene all the tume.
Whether or not this pattern when adopred actually 1s intermitzent 1s not
known. Since one cannot know the blood pressure excepe \vhc'n one
rakes it it 15 not passible to draw taferences about an wmdividual’s day
y areerial pressure Often the circumstances of artaching the
uff or merely being mn the presence of the physi-
uate stimulus to hypertension. For example, a 25-

to da
sphygmeormanometer ¢
cian constitute an adeq
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invasiably hod elevared blood pres-

; psician, a Windl
st % hen the determination was made by !us regular physician, 3 k \;
g tather stor and quick-moving individual. Bven affcr m(r'a\l cnow
mpecrions of Sodwam Amyral with strong reassurance his artesial pres-

sure remasned high as shown in Figure 84 When,

on the other hand,
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Figuse 83 The “peripheral resistance pastern” of hemadynanuc adaptation ob-
served duning 3 stresstul interview,

another physician whom he considered more sympathetic took the blood
pressute 3t was Tepeatedly and consistertly much lower,

Even the so-called “standard” tests of blood pressure response are
not valid indices of 3 prevating hemodymamic srare because the sig-
arficance of the test often ifluences its effect on arterial pressure, For
examgle, when one man, 2 28-year-old steam firver, thought that the
decrsion as to whether or not he w ould undergo 2 mutrlaung sympathec-
tomy hinged upon the omtcome of a cold pressor rest, he displayed
the response of a “hyperreactor.” Larer the same day, when he was
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Figure 84. Lffect of the prevaling situation on the level of blood pressure.

Note the falure of intravcnously administered Sodwm Amytal to lower blood

pressure m the presence of one physicran On another day, blood pressure falls
to normal level without drugs m the presence of 2 secoad physictan
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Figure 85 Varabiley of cold pressor respanse w the same mdisidual. The
first tno tests were performed on the same day
296
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reassured that the operation Wwas ot considered nesessary, tus hloo«,l,
pressire w35 fower inimally and the test produced 2 hyporeactive’
response Fren at times when Rils initial pressure was high, however, his
response was “hyporeactve” when the petformance of the rest had
0 spectal sigmficance for hura (Figure 85). .

Campbell and Blanherhom {17) reported an imeresting ohservationia
1925 which fits well thus view of thungs. They found that cerrain hyper-
wensves did not muacin their hgh blood pressure while they were
aslecp. These were the patients who had the least evidence of impar-
ment of cardiovascular funcrion. Schroeder and Goldman {18} also re-
pomed that the most bemgn eases of hypertenston, those in whom Page
(19) had carlier pointed out blotehy erythems and vaseular labihey,
occurred i mdrrduals who showed the most overt evidences of “nerv-
ousness” and “‘emovional labiliy

On the other hand, the less endently netvous, cautious, and restrained
bypertensive appears to be the one with the poorer prograsis. From oue
studies he appears to be the one who unlizes more readily the pastern of
mereased penipheral resistance with 2 shight fall in cardiac output.

These posssbilinies are under investiganon ar the present time. The
sy ers are not avatlable as yer Suffice at, at present, to say that there
are wid d card dat adap to hife stresy, that these
changes may be of the same nature and degree as those 1n response to
sther more concrere assaules from the environment, and that thus they
™yt out to be ghly pertment to the pathogenesis of orgame
earhovasedar disease Certanly on the basis of the evidence 3t hand
1t behooves us as climerans to accord senous atrention to people and
events, as well ag other seresses 1n the hives of our cardiac parsents.
k“l‘:;‘“‘:":a"c expected of this type of approach 15, of course, not

. sa't been worked on wesy exzennively and the resuhs are

hard to evaluate Nevertheless, an luscrative story of one of our hyper-
tensive pattents may be relevant

{\ﬂ\: mnent was a 33-year-old Jewish dealer i ilhert merchandise
whose hvperension bad dev eloped in 3 senng of conflict with a domi~

feening and punive mother Aganst her will he had
Roman Catholic @1 whose 5 o of i o

famuly equally disapproved of him F
lfmlm ‘\m‘\ a year they cach hived ar their respective homes, The pm:;
clt unable 1o commuc mself o the responsibibicy of a menage of his
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own, [t was at this time that he was sent to us by his physician for con-
sideration of sympathectomy because of sustained high levels of arterial
pressure 1n the neighborhood of 170/120. Shortly after we began to
follow him, his mother put him out of the home. He went to live wich
his in-laws under very crowded conditions. Here he became the object
of repeated humibanons and verbal abuse, espeerally at the hands of one
brother-in-law. During one of his visits at the hospital, he apparenly
got the impression that the author

8LOOD BEATS uP

pressuse SATHRRNCLAY fele that 1t was unnecessary for
e hire to continue quictly accepung
150 this mistrcatment. When he left
130 the laboratory, where lus blood

pressure had been 155/110, he
e immediately looked up his broth-
cr-tn-law and began ta battee him
with tus fists Afeer grving him a
severe beating he phoned the hos-
100 pital and sad, “Doc, § berter
come right m. My pressure 1s
. probably hugh enough to break
Figure 8 Abcupt fall m blood pros. the machune.”” He did come and
su§: following aP Laovely CPTS tus blood pressure was recorded
expression of aggression. ar normal for the first nme,
125/85 (Figure 86). Ultmately,
as we worked with this pattene, 1 was possible for hum to reorient his at-
titudes to the pomnt where his self-confidence mmproved, he felt much fess
the nced for resteaint, and he got a job, moved into an aparement of fus
own with his wife. He was by no means well bue the pattern of his reac-
tions had changed a great deal His blood pressure was customanly
within normal imits VWhere formerly anger and frustrarion had been as-
sociated with not only 3 nise in arterial pressure bue also an uncontrol-
Lable destre to eat, he now found chat he lose his appetite when he was up-
ser, and discusston of topics which had formerly induced a brisk clevanon
of blood pressure no longer were capable of doing so (anfjrc 87)
So [ repear what | sad earhier The dara arc not ali in. The story
from what we know at present, i¢ 1s clear that the

w2a

118

eq

is not complete but,
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Figure 87 Change w reactnnity mn an wndisdual after 3 three-year penod.
Intally, he was I pertensi ¢ and reacted to a diseusson of personal problems
with 3 bruk elevation of blood pressute. Later when he had lowt evidence of
hyperrension and when tus stntude had changed 10 2 number of other ways, he
o Jonger dispiaved a pressor response but actually showed a drop of blond
pressure dunng 2 duscwssion of stressful topies

mrelligent nt of hyp

among other cardiovascular dis-
orders ncludes attention to the patient as a person and his reactions 1o
the stresses of diy to day Ufe.
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own. It was at this time that he was sent 1o us by his physician for con-
sideration of sympathectomy because of sustained high levels of arterial
pressurc in the neighborhood of 170/120. Shortly after we began o
follow him, his mother put him out of the home. He went to live with
his in-laws under very crowded conditions. Here he became the object
of repeated humiliattons and verbal abuse, especsally at the hands of one
brother-in-law. During one of his visits at the hospiral, he apparendy

got the impression that the author

BLOCD BEATS up
PRESSURE 2ROTHER I LAW fele that st was unnecessary for
e Tum to continue quietly accepting
150 this mistrcatment, When he left
4o the laboratory, where his blood
pressure had been 155/110, he
0 immediately looked up hus broth-
120 er-m-law and began to barter um
o 4 with lus fists After gving hima

severe beating he phoned the hos-
toe piral and sad, “Doc, 1 bereer
come nght . Aly pressure fs
probably tigh enough to break
* N the machine.” He did come and
E;g:r'e b ':br:iz):ﬂ;,: blood pres- 1 bload pressuce was recorded
expression of aggression. at nommal for the first tme,
125/85 (Figure 86). Ultimately,
as we worked with this patient, it was possible for hwm ro reortent his at-
tirudes to the pownt where bus self-confidence improved, he felt much less
the need for restraint, and he got a job, moved into an apartment of his
own with his wife. He was by no means well but the pateern of hus reac-
vions had changed a great deal His blood pressure was customaniy
within normal fimits VWhere formerty anger and frostranon had been as-
soctated with not only a rise in artersal pressure but also an uncontrol-
lable destre to eat, he now found that he lost his appetite when he was up-
set, and discussion of toptes w hich had formerly induced a bask clevation
of blood pressure no longer werc capable of domg so (Figure 87).
So | repeat whar 1 sard earler. The data are not all im The story
is not complerc but, from what we know at present, 1t 3s clear that the

°0
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