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the flirds condense and form ma ses which
solidify, 1t 1s thus that Nature has <owed in the
agents which are the principles of Ife the secret of
our destruction It 1s particularly n the heart that
the Amds coagulate  foating polyps may plug the
arterres therr mass may carry them into vanous
spots and cause various accidents

JEan BapTisTE DE SEnac {1749)



Preface

FoR & CLIVCIAN TO TWADE <o controversiad  field of medierne a8 that
of thromboembalism with too definste opimons would eem presumplu
ous Many erucial decx 1ons an treatment, hoverer are ha ed on pre
sumpune evidence which can only be a sesced clinieally Feriodweally he
e Las euble atatvze and eny tallize the evidence into 8 worhable hy
pothess to gude s therapy even though sddittonal enidence may
wiflun the following weeks render cettawn aspects of hus hypothesss ol
fete Many other truths must be Jearned before we can bnow rather than
ues the pathogenesis and proper treatment of «ystemc arsessal embo-
Ium Cestain Jogical deductions howerer can at present be drawn from
avarlable evidence

This book attempt to present the pertinent matenial which 1 have
detwed much ples ure from accumufating and eollating The wilhingnecs
\whtip o promply dhown by colleagues was hrark wavming My fnend
fo aver a quarter of a century Dr Grorge H Houdh 1s directly recpon

1ble for the book s genests and was con tantly avadable jor help Mamy

eolleagues read certaim chapters and contuibuted constructive enticiems
T am especially grateful to Doctors Myron Prinzmetal Gurlh Carpenter
Howard P Lews Joha I Tragerman Marcus A Rrupp and C A
Peter on

My as octates w practiee Doeso s Wilham P hroger Chfford 8
Cherry Pobert € Sumndpe A C P Bakos and Ben Pan by gase timely
encuuragement and usgeons and m) brother De T Vancent A hey
wiermitently applied o helpiid goad when ndu try lagged Dr Charles
Dotter and Dr lsrael Stem} erg were Felpfal locating angiocardio
graphic evidence of left auricular thrombou  which was courteou b

upplied by Dr L. A Soloff and Dr J Zatachn Dr Acthur Bloomfi h)i

end Dr Ralph Major read and enticized the hy torscal Feview ©

Permus 10m to u ¢ illu trations was gene wasly grven by many and 1

acknawledged w the ndwidual Wu travions Mr Zohon VYuhasz mad

what 1 consder beaundal W tranen The colored photopra; hsma !
made avadable by Dr R S Gufiflan and Dr Norman E F:ec:mn “’;"lﬁ
wndu son of the color plates was made po 1ble by the generosity of m:
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Introduction

THE PROBLEM

SYSTEMIC ARTERIAL EMEOLISM 15 8 dread comphication of any heart
disease 1 which thrombi form 1a the cardiac cavities of the left 1de
A tugh propartion anse from rheumatic heart drecase Such emboli m
usually 15 an un.u pected aud unpredictable event The first chimcal
evidence usyally 3s 2n occlusion of a large artery Surgieal Temoval of
an occluding clot from the sorta or the arteries of the fegs ocea 1onally
may be a lfevaving procedure but 15 not directed at the cause Further
more embol ble to surgical t only 2
mall proparhion of the total In the va t majomity the occluded artery

1 naccessible This e pecially applies to emboliem of the cerebral
artenes

The number of patients who die or are drabled with the first recog
nieed embole attack 1s distre_angly high, Many who urvne the first
recogmized ept ode <urvive at the cost of an amputated leg i the
embolic occlusion 1 1n a peripheral artery or of a paralyzed de af
the occlusion oceurs 1n an arfery in the bram The survivors then face
a trong bikehihood of further di abilsty or of death from a recurrent
emboh m Fuen the be t treatment, 1f apphed after an embolus to an

artery 1 recogmized 1s often tragically delayed and becomes a treat
ment of frustration

y must be preventne and
deal with the problem ruch earlier Effective treatment mu t be directed
ether at prevention of

eardiac thromby

ot of okl of the cantary
In rheumanc heart di eace there has been a long preceding period
during which the substrate factors which culminate i embolism have
been developing We know httle about euther the precice pathogene<is
«f the formation or the mechami m of mobihization of left auricular
thromb: The pathologic stage apparently has been set for years before
the appearance of thrombs The period between the tme of formation
of a left auncular thrombus and the time of 1ts eyentual ejection a3 2
recogmized sy temic artenal embolus 1s climeally a latent period

The ume of formation of leRt ventuieutar thromby 35 not accurately
predictebls  such thrombu oceur 1n relation to the acute or chromg
)



x PREFACE

friends Mr Dawid Buttolph and Mr Ashton Castle Dr Frederch ]
Moore helped with evaluation of statistical data

Mrs Margaret Stevenson, with Dr John C Jones permussion made
escential statistics available My secretaries Grace Munk Hilda Harrss
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spent many hours assising me The help of Leon Lukaszenws<hr of the
Audio Digest Foundation was invaluable

For a phystcian to overlook the many hours of compamonshup gra
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Introduction

THE PROBLEM

SgSTEMIC ARTERIAL EMBOLISM 15 2 dread comphication of any hc:irl
dusense 1m which thromby form n the cardhac cavities of the feft < ‘c
A hugh proporbon an e from theumatic heart dicease Such embolt m‘
gsuslly 15 an uneu pecied and vopredictable event The fir t choea
endence u vally 15 an occlusion of a large artery

Surgical removal of
an ocdluding clot from the aorta or the artenes of the legs occa 1omally

may be a lfe aving procedure but 1s not directed at the cause Further
more embol m ble to urgical anly @
srmall proportion of the total In the va t majority the occluded artery

1s wacee sible Ths e pecially applies to emboli m of the cerebral
arferles

The number of patients who die or are di abled with the fir ¢ recog
nized embolic attack 1s di tres ingly igh. Many who survive the fir t
recogmzed ept ode urvie at the cot of an amputated leg 1f the
embolic occlusion 15 in a penpheral artery or of a paralyzed wde af
the aceh 10n occurs 1n gn artery in the bram The survivor  then face
a <trong hikelihood of further disatubity or of death from a recurrent
emboli m Even the be t treatment 1f apphied after an embolus 10 an

attery 1s recogmzed 15 often tragically delayed and becomes a treat
ment of frustration

Y mu t be preventive and
deal with the problem much earher Effective treatment must by directed
either at prevention of f or of molnl

cardiac thromby

of the cavitary

In rheumatic heart di ease there has been a long preceding penod
duning which the substrate factors which culminate 1n embolim hase
been developing We know ittle about ewther the precise pathogene 13
of the formauon or the mechany m of mobilization of left auricular
thrombs The pathologrc stage apparently has been set for years before
the appearance of thrombr The period between the tume of formation
+f a feft puricular thrombus and the tume of ws eventual ejection us
tecogmized systemic arterial embolus 15 chmcally a latent penod
The tme of formation of left vemncutar thromb 18 not accuratel
predictable such thromba eccur . relaton 1o the atule or chrom):-
i



2 SYSTEMIC ARTERIAL EMBOLISM

endocardial damage of mj ocard:al infarction or congestise heart fatlure
There 1s no rehable way as yet to tell which indiidual has a small
clot 1 the heart although angiocardiography pramuces help n the
near future If a thrombus 1s present no one can predict accurately
whether or when 1t will be dilodged, or 1f di lodged, where 1t will
occlude an artery A recogmzed embolic attack, unfortunately, 1> the
first overt climcal evidence of a thrombus n the lft cardiac cavities

The chance of a cavitary thrombus being pre ent the Lkelihood of
its mobthzation as an embolus, and the r1 k of death or di alulity m
any mdnidual, 1t present can only be evaluated stabistically Any pro
phylactic treatment of the indwidual at present must depend on such
statistical data The natnral history of systemic arteria) embolism must
be carefully <tudied

Evidence has been accumulated to allow an appraisat of the hazard
to the mdividual The unavoidable challenge to the phy<ician 1s the
nced for evaluation of the quantitative r1 X of <y tenc artersal embolt m
before an occlusion of a larger artery has occurred

The first threc chapters will discu s the problem of the rih the
morbidity and mortality and the chnial correlations of sy temic
artersal embolism Chapters 4 5 and 6 di cuss the pathogencus of
cardizc mural thrombosts and systemuc arterial embohism Chapters
7 8, and 9 con-ider the diagnostic and prophylactic measures advt able
at present i attacking the problem These chapters attempt to blend
fact and theory mnto workable mdications for treatment. The evolution
of knowledge regarding thromboembolism prior to the prewent era
will be givenin the Historical Review

TERMINOLOGY

The term  aurnicle” will refer to the entire inflow cavity from esther
the greater or le ser circulation The chimeians term body of the
auricle and auricular appendage, will be used 1n preference to the
anatomu ts terms atrium  and auricle  The former terma are well
understood The latter terms we believe are conlusing to the American
and Engli h cimeran By this latter nomenclature the term  auricle’
applies only to the aurcular To avord conf; the term

aurcle  has been abandoned by tho e u ing this nomenclature The
term  atrial appendage  has been mtroduced The consonant terms
aimal  fibrillation and  atnial  thrombi have been employed i ted
of auncular fbrillation and aurzcular thrombr The wisdom of <uch
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nomenclature 33 questioned by many For this manograph therefure
we shall u ethe old termunology

On the other hand the new term  antithrombotic  will be frequently
emploved as one at times more precise than the term anticoagulant ™
Pratt™ behieves that emphatis hould be plared on the desrable
rather than the undesirable a pects of treatment We beheve it mean
1ng 1 clear and 1ts use acceptable

The tudy of rheumatic heart disea e 1s e« enbally a tudy of
rheumatic mutral vahuhr disea e with or without aortic vahular
dicea e Most authors have not inrluded caliified nodular aortic stenows
in their reports although Claw ont' * behieves st conshitutes 40 per
cent of all rheumatic vatvular lesions The mitral valve has been anvolsed
m well over 90 per cent of the ra es reported as rheumatic heart dicease

Among the many terms for the surgical correction of deformuty of
the mitral valve onfice we prefer the term  mitral vaboplaty Rt
ccems to descrrbe better an operative procedute which mu t con wer
not onfy correcting deformibies of the vahe leaflet  but at times o
pla tic correction of the papilary muscle and the chordae tendimeae



Historical Review

ONLY AFTER MAMY CENTURIFS of observation have we evoled the
concept—now <o casually accepted—that blood clots form during life
in the cavities of the heart and often di charge embolt which occlude
the systemic arterses Indeed, there was a lapse of nearly two thousand
years from the first recogmtion of vascular thrombosts 1n v1vo to the
time when 1t was established that tlus clottmg process could take place
within the heart atelf It apparenthy was Senic ° who n 1749 first
described arterzal embolism, but only in the last century has the embolic
tendency been clearly traced to 1ts two chief canses thrombosis i the
left auricle due to rtheumatc fever and thrombosss 1n the left sentricle
due to myocardial mfarction

Hippocrates and his son 1n law Diocles of Carystus 6! observed coag
ulation 1 the blood vessels during hfe and as Greehs they had a
word for it—thrombos Galen® later agreed that the humor congeal
actually in 1ts own <urroundings  he Latinized the word to thrombus,
but contributed nothing to the concept His dogmatiem o dommated
thinking that 1t was not until the early 16th century that cardiac clot
or polyps as he called them, were described by Beniviem ! He and
all other physicians considered all clots as having been formed during
Ife and this misinterpretation led to nearly two centuries of mistakes
1n cardiac diagnosi<

Kerckering 3¢ 1n 1670 first pomnted out that cardiac clots actually
can form after death but he then fell mto completely oppo tte error
and further confused the picture by stating that all heart chamber clots
were postmortem and utterly magnificant It was not until 1749 that
an unusually brllant physicran thought throngh the problem This
was Jean Bapti te de Senac '® whose concept of thromboembolism
anticipated 1n all essentral pornte the current concept generally credited

to Virchow 53
dly t mn medi his vahd not upported
st PP . pr
by sufficient evidence gamned no recogmtion But regardle s of his
farlure to convince his contemporanies Senac <hould be credited with
three accompls hments
First he clearly differentiated true or antemortem clots or polyps
he recogmzed  are

from fal ¢ or postmortem clot«  Fale polyps
4



HISTORICAL REVIEW €

tho ¢ concretsons that form at the end of an ilness, of “(:}" “i“‘:’m
true polyps are tho e which have formed a long ttme belore ‘w m;
dies  Fibrous agherent texture he noted was the & tinguichung char
acters e of trne clots they were hard elastic tenacious mcmbrunnln‘
and yellowseh polypord bodies  He added <ome are o tighthy bound
1o the sub tance of the ventnicle that one almost cannot detach them
fromt.

Senac s second achievement was to descnbe cleasly the thyee pre
requisttes for true clot farmation—that 1, tasis damage to the vessel
wall and coagulabiity Polyps he md  have a predilechion for
areas where blood flow 15 arre ted As soon as movement of the
crrculation of the blood 15 topped the Hlood must condense e thus
cpoke of the putse uhich the blood makes wn the heart When the
bload does not empty 1elf or when the contractions are nsen ible
or when there 15 some ob tacle in the pulmonary astery or m the
sorta in the auricles or the ventricles then blood mrety barrters st
tends to coagulate TParenlarly 1 the mnter tices of the columne
the blood flow 1 arre ted  (all stalics muine} The deseniption these
fore elearly applies to the thrombotic mibieu of the Jeft auncle m
mitral tenos

Tust a3 clearly Senac recogmized that stasis was enh one of the
recesnties to polyp formation which tended to oceur only wherr the
wiernal surface beromes uneven hy sotme lesion or ome tearng
clotting did pot tend to occur on «mooth polished urfaces And finally
he recogmized that the occurrence and the 1ze of the clots depended on
the coagnlabibty of the blood which vaned 1 different conditions.

In certain allperces 13 Ay alved There are other ilineses m
which the blood 15 more i posed 1o coagulate Thrambosss was
mitiated he knew m the whit h matter of the blood Blood  he

ays  does not coagulate as chee o does that 1s to say as & unidorm
watter  This  ymphatic  ehrment was the first 1o coagulate as a

white clot whnich enme hed the red clls If the blood flow was rapd
(:c clots remamed white but of the action of the blood 1s feeble

¢ noted  the red parta wall be yetamed 1n great quantity and a red

:\(o\ :u\:\d form {This 15 the pre ent concept as to the pathogenesis

white platelet thrombt and red thrombs } Senac decribed several
pohents with  blood as white as mitk and said suck blood coagulates
ea iy according to various oheervations
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To s clear exposition, Senac added a third achievement He de
seribed embolism from cardrac clots to the <y temic arteries He de-
scribed attached clots and those which were * floating”  These floating
polyps™ he said ‘may occupy various places at various tumes, they
may plug the artery i other circumstances the mass may carry
1t elf into various spots and cause various acerdents

Why <o httle attention was paid to ths stmple mechamstic theory of
thrombosis and embolistm 1s diffieult to understand Physteians did not
distingw b true from fal e clots and continued to rely on any clot 1n
the heart as a fcherous explanation for any difficult case Morgagni ¥
writing 12 years after Senac’s publication, lamented the stultifymg
effect of the accepted doctrine “If mn the heart of the body after death
have been found a polypus, this was immedsately <aid to have exsted
from the beginning of the disorder and to have been the perpetual
author of all his evils ’

Convisart,’t 1n 1806 even believed that he was the first clearly to
differentiate between antemortem and postmortem clots and later on
Laennec 7 gave lum the credit They esther disrcgarded or were 1gno
rant of Senacs work Senac s mechamstic concept was overshadowed n
the first half of the 19th century by the almost unnereally accepted
behef that vascular mnflammation with exudation caused all thromboss
and later by Rokitan ky s theory "8 wiuch ascribed all thromboss to
a crasis or poiconed state’ of the blood The theory of humoral
pathology  says Ackerknecht® appeared to contemporaries as ultra
modern progre stnie and scientific

Arrhythmia was early associated with polyps but by a natural
error the polyps were considered the canse of any rrregulanties nter
mittencies or inequalities of the pul e occurring i their presence
This association was cmphasized <oon aiter Bentsiem first ob erved
clots 1 the heart Semac (who perhaps 1s better known becau ¢ he
reported the value of qmnine for rebellious palpitation ) found uneven
ness of the pul e to be the most rehiable «1,n of cardiac polyps The
great Laennee ¥ 1 the historic De L Auscultation Mediate supported
this causal relation though he made the mcredible statement that the
polyp could be localized when the pulse was irrcgular on one side of
the heart and regular on the other Hope 17 n 1842 named among

the general signs of polypt of the heart the pulse 15 small weak
srregular aternuttent and uncqual It <cems highly probable that
1n most nstances these de criptions referred to auncular fibnllation
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Thus up to & Tittle over 100 years ago 1t was aceepted that c\g\s
could for dunng hfe 1n the cavities of the heart and, characterictically
wete ae.ocuated with an uregular action However the loeation of the
clots was not correlated with any particular femon It ull was not
recogmzed that most clots i the feft auncle oceor n mtral vabwlar
disea ¢ while tho & 1 the left ventnile u ually result from endomyo
cardial prcrosss due to coronars occhy 100 Oddiv mo t reported thrombs
weren the nght sentricle

De pite the recogmtion by Senac m 1749 that polyps tend 1o form in
the heart when the biood meets barners and View ens ® earher
description m 1715 of mutral teno s with ats obiious ob truchion to
lood flow over a century and a half pacced hefore the hugh ncdence
of left auncular clots was generally accepted O<ler* 1 hus fir<t edition
(1893) <y It not uncommon at the examinaton to find winte
thrombt 1 the appendiv of the left auncle Oceanonally a large pant of
the auricle 13 occupied by an antemortem thrombus

The preduection of throrbosis for the patches of rougheming on the
posterior wail of the auricle was aplly described 1 1910 by San.om
who noted their importance as a sonree of sy tenme artersal embolt

The endocardum fning the auncle 13 u ually thickened n many
vases m pa ches by chrone endocarditis or atheromatous change The
pas ertar wall of the aurele s most frequently thus affected On the
internal surface of tns part of the euncle cosgula are frequently
observed  They may become detached and become emboli which are
artested @t ote part wn the artertal chonoels A vorrelation of leht
auricular thrombosis with wmtral stenosis and wall Iraions as s outee
of etbolism thus was e<tablt hed by 1910

11023 MacCallum % emaphasized the frequency of these roughencd
areas and they became known as MacCallum > patches slthough he
did nat correlate the<e patches with thrombo 15

AU thus was progress certamdy but while the characterstic lesions

a ociated with left aurscular thromboss were thus bewg dentsfied
the ¢ between thromk and arrhyth

Y was fading
the background 1n O Yers fir ¢ editson although the frequency il){lelfnx
auricular thrombs 15 emphasized no correlation with arthythmya 35
noted Rapid and urregalac action of the heart 15 cotrelated only wih
falore of compensation but nat with mitral <teno s and not wl,
clots Thts onmiis 10n was not made good even a0 O ler s erohth edinio, .
°f 1918 by which time the arrh) thmia had been wdentified as ann:n\:
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fibrillation  Although cliniians 1n the 1920 s showed mereasmg awsre
ness of this relationship, 1t was not until 1930 that Harsey and Lesine 1M
after studying 111 imnstances of unnfected mural thrombi (31 with
auncular fibnllabon), concluded, “there can be no doubt that auncular
fibrillation 1ncreases the mcidence of thrombus formation within the
auricles * Other mnvestigators concurred and in 1941, when Hay and
Levine 31” analyzed 186 cases to determune the relatne mportance of
age and auncular fibrillaton 1n the development of auricular mural
thromba, they found that fibrillation was the eflective factor, regardless
of age

The association of mural clots with coronary arterial discase became
recogmzed about 50 years ago, when Huchard® ! observed thromb
attached to areas of infarction However, neither he nor anyone el ¢
recognized that the-e thromb: discharged emboli to peripheral arterres
He described embolism to the brachnal and the lejt internal carotd
artertes without reveahing any suspicion as to their engm In their early
reports on coronary thrombosis neither Herrick! nor Libman !
mention embolism as a complication One of the fir t reports on thi
subject was that of Paulhn appearing 1n 1921 3% Followmg a severe
attack of coronary insufficiency and occlusion the patient s leg became
pamful then pale and clammy The pulse could not be felt below the
popliteal artery At necropsy a mural thrombus was found in the left
ventricle and Paullin «uggested that apparently a portion of the
thrombus had been dislodged and had plugged the right femoral
artery * Since that time arterial embolism in my ecardial infarction has
become well recogmzed and greatly feared



1 Heart Disease as a Cause of
Arferial Embolism

THE FOLR MAIN CAUSES of svelemmc atterial embols m are rheumatic
heart diseace myocardial infarchion chrome arteriosclerotic heart dis
case and subacute bacterial endocardin  The proportion of caes
aunbuted 1o each cau e depends on the aceuracy of diagnosia snd many
estimates of the causes of embolt m were pos 1bly ynaccurate wn earher
unveys The it diagnoss of arter heart disea e and
rheumatic heart diease 1n the last decade has been mose preciee and
the frequency of rheumatic heart diea e in muddle age and w the

aged has been more readily recogmized Thys may help to explain some
discrepancies 1n estimates

Awmong 228 inctances of persphersl artenal embolim ob erved
between 1923 and 1937 Hamoun (1ic 2) found that an 43 (19 pes
cent) the diagno 1s was artenosclerohic heart disease ard 1 72 (32
per cent) it was acute myocardial mfarction—a total therefore of
51 per cent attributed to arteriosclerotic heart di ea e In 212 cases
of embolic arterial occlusion surveyed by Flasher and Stephen on?
between 1940 and 1950 145 (69 per cent) were considered  auncular
m ongn and only SO (23 per cent) ventnenlar  Arterio clerotic
heart disease therefare was diagnosed only halt as frequently as in the
eatlier urvey

Even brfore the advent of pemiciilin therapy subacute bactenial endo
card us cau ed only & mall proportion of systemic artenal em} phism—
 per cent, according to Hamoviers tudy already cited and only 3
per cent in Flasher and Stephen on s later ca es?

Qther caunes of arterial embolt m are stah eally rare Ventnicular
mural thrombosis caused by thickenng of the end oLeurs i
o termed endocardial fibroel of  recutrent parictal
thromboendocardilie  and can cause arterial embolism The can e s
unknown with possibly hoth nflammatory and nutetional factors
auve® 4 malt proportion of arterial emboly are unascacrated with
a0V proven heart diseace thev may anse from atheromatous plaques
m the aorla from thrombi n aneury ms from pulmonary vems or

9
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fibrillation  Although chimcians 1n the 1920 s showed mereasing aware
ness of this relationship 3t was not until 1930 that Harvey and Levine 11!
after studying 111 instances of umnfected mural thrombi (31 with
auricular fibrillation), concluded ¢ there can be no doubt that auricular
fibrillation sncreares the incidence of thrombus formation withun th
aunicles’ Other mvestigators concurred and 1n 1941, when Hay and
Levine ' analyzed 186 cases to deternune the relate ymportance of
age and auricular fibrillation 1 the development of aurrcular mural
thrombt they found that fibrillation was the effectine factor, regardle s
of age

The as eciation of mural clots with corenary artersal di ease became
recogurzed about 50 years ago, when Huchard!! ob erved thromb:
attached to areas of mfarction Howerer, newther he nor anyone el e
recognized that these thrombi diccharged embol: to peripheral arteries
He described etbalisn to the braclual and the left internal carotid
arteries without revealing any <uspicion as o their origin In therr early
reports on coronary thrombosis neither Herrick ! nor Libman
mention embolim 1s a complication One of the first reports on this
subject was that of Prullin appearing m 1921 1% Following a cvere
attack of coronary m-<ufficiency and occlusion the patient s leg became
panful then pale and clammy The pulse could not be felt below the
papliteal artery At necropsy a mural thrombus was found n the left
ventricle, and Paullin suggested that apparently a portion of the
thrombus had been di lodged and had plugged the right femoral
artery  Stnce that time arterzal embohism in myocardhal infarction has
become well recogmized and greatly feared
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he Left Side of the
. Dystrbutton of Thromb 1 the Cautres of t
T T l‘l‘e;‘n 1n Patsents Dytaz of Rheumatic Heart Disease

e

h:lml‘:;: :u‘r\:‘:{o:‘rb‘ Number of thrombi [Percentin

Author left ventncle et spncte  lefiauncle
Coder wrom e 56 % 3
Harvey and I evine ] 1 9 ] w00
E t—__?z % [ %o
Totel I ) | % X

The danger of <y temic artersal emboli-m art g from cardiac mural
thromby can be measured more accurately than that of pulmonary
embohsm Whereas pulmonary embolism may anse from thromds
engmating 1o sither the peripheral veins or the nght auncle, 3 teme
artertal emboli m ances 1 over 90 per cent of caces from thrombi
the left heart In rheumauc heart di ease almost all these {TABLF 1)
thrombs are 1n the left auncle (92 per cent of mural theombi are found

there) sn nontheumatie heart dwez ¢ the majonty of thrembr
the left heart are 1n the Jelt vertniele

DISTRIBUTION OF CARDIAC MURAL CLOTS

Tt 15 ¢ reasonable premise that the source of thrombopla tin mtiating
& throwbus 15 W s womediate neaghborhood This source in cavitary
thramhosis of the heart 13 adjacent damaged endothelum The Jocation

Taate . —Duinbunon of 19% Aunseutar Thrombe in Nonrhewmatie Heart
Dusease and Rheumatic Heart D sease

Nwnrtheumatie Rheumaue
hean disea & Percent § heantdieae | Percem
Py bt ayrcle 10
¥ rght and teft 17
et annicle 33
Tw 50
T

Tom Soder trom
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from the rare phenomenon of paradovical embolism, 1 which embol
pass through a patent foramen emvale or intenventnenlar septom The
mnfrequency of these causes 15 mdicated by the fact that Hamoiic
tound no mention of them 1 hus 228 cases Wriht Urdaneta ant
Wright,~™ in studying 107 caces of abdommal aortie aneurysm men
tion no embolic complications

PULMONARY VEIN
-~ THROMBOSIS 09%

o
RHEUMATIC CHRONIC

CARDIOVALVULAR

K DISEASE 404 %

SUBACUTE BACTERIAL
ENDOCARDITIS 4 8%

ARTERIOLCLEROTIC
HEART DISEASE 193%

-ACUTE MYOCARDIAL
INFARCT 31 5=

VENTRICULAR MURAL
THROMBUS

Fig 2 Origan of emboli 228 unselected cases of embohism of the extrems
tes (31 per cent undetermined ) By permusstan from Haimouier H Pe
ripheral artertal emboli Angiology (February 19:0)

Paradotic or ‘cto..ed embolism mav be suspected i arternl
embohsm ocuuts in the absence of obvious cardiac disea e and there
has been thrombophiebitis and repeated pull y farction ¥ The
dagnosis 15 made more often at necropsy than dunng hie

Tumor embolism 15 usually a diagnass made by microscopte cxammna
ton but massive tumor emboly have been described i the bramn the
spleen the Jadney the lungs the Iner and the extrermues®  Clots m
the pulmonary vemns ma) rarely cause arterial embolism
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necropsy howerer, among 160 cases of erther recent or remote myﬂ‘
cardual infarction 73 (4o per cent} had a total of 111 peripheral
farcts

The drtributron of sy temic artersal emboh ™ was <tadhed by Daley
and associates 3 1n a large <enies of ca es of theumatic heart dy eree—
7aBLE 3 and F1GLRE 3 Their estimate reflects expenence 1n practice snd

Tasg 3~Dustribe on of drteral Systemic Fmbohsm 1 Rheumatic Hear
Duseost Bosed on Chinteal Dur roses®

Sue of fodgment of 393 embolt occurning 1 193 pohents

Site Number ‘ Total ] Per cent
Arteries Lo the bran 188 T8
Ceretral 182
Carotud 2
Basilar 1
Retinat 3
Arteries to the ab dominal scera 56 Hz
Me entenic it
Splense 17
Rena] 28
Asrtic Infurcation 3 59
iac areries 2 53
Atteries o the lower extremities 66 16 8
Feraral 2
Toplieal 21
Tibra} 16
Astertes 1o the nPper extTemies
100
xilary 3
Brachia) 36

Tw T

393
From Daley R, o gl

Sytemc Artenal Embop
Disca ¢ Am He w13 Ouroher

4 m 1 Rhevmave Hean
31 by permn sion

distibation The mo t re uent
of lodpment they found are the brain the extremnps and :lhe abd
4 mtestines) Ojesen 179 found a symylar
i 75 theumatie patients Jordan Miller

studied 372 patients wath acute and healed

tes
om
disttibutyen among 123 embol
Edwardy and Pagker 13
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of these potential sites for thromhy determmes the di tributton m van
ous heart diseases wall lestons 1n nonrheumatic heart dicease are pre
domunantly n the left ventricle and night auricle, m rheumatic heart
di-ease, m the left auricle The pre-ence of stasts 1 these greas encour
ages thrombosis The cegregation of clots of nonrheumatic origin i
the nght auricle and left ventricle 15 quite defimte Among 192 mstances
of aurtcular clots studied by Soderstrom (TARLE 2) - 2 1n 82 the under
Iying lesion was of a coronary ’ type Seventy mine of the 82 were m
the right auricle Among 26 nstances of aurcular thrombr with under
lying leston was of a coronary’ type Seventy mine of the 82 were i
auncylar clots were found wn gross nontheumatic heart diease, the
underlying lestons were predommantly rheumatic Myocardil infarc
tion 15 the chief cause of thrombus formatton n the ventricles and
1ts predomunance n the left ventricle accounts for mo t left ventricular
thrombs Over 90 per cent of all systemic artertal embolism ar1 es 1n
clots associated with either rheumatic heart dicease or coronary artenal
disease with or without hypertension Left aurtular thromb of rheu
matic origin are presumed to be the cause of most recognized peripheral
artenial embolt Left sentricular thromb: account for most of the
remainder The incidence of left auricular thromb: 1n rheumatic heart
disease and of Ieft ventricular thromb1 1n myocardial infarction varees
with many factors and will be dizcuseed later

INCIDENCE AND DISTRIBUTION OF EMBOLISM

The actual meidence of systemic arterial emholism 1 heart di ease
1s not accurately known Climcally detectable emboli represent only the
major arterial occlusions and the necropsy examinations are unfortu
nately numerically madequate and necessanly often plete This
15 true whether the source be from rheumalic or artenosclerotic heart.

There 15 a discrepancy between clmcal and pathologic diagnose
and between suspected and actual emboli m Warren and Linton ©
found at hecropsy an incidence of emboli to the bram splecn and
kidney considerably hugher than that dersved from the chmea) study
Other studhes confirm this Based sokly on clinieal findings Ole en? ?
diagnosed sy~tamc artersal cmbolt m 1 75 patients among 351 win
wutral stenosts (28 per cent) but found many uneuspected embol
(mostly <plentc and renal) at necropsy Hellerstein and Martn '
found 185 m tances of elimeally detected penpheral artenal occhy 1on
1n 1603 compiled cases of myocardal mfarction (115 per centy At
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wyocardial fareuion. at necropsy and found the brawn and hudnrys
most frequently 1avohyed by emboh m
Newther climical nov mecropsy diagno e gne sccurate sali veal
sesults howeves becansa many embols Temain unrecogmzed Occlu yons
of smaller artenes often are not even suspected, although they may
canse many \ague wgns snd  ymptorms The mumicry of nevrolome
& orders in the legs by artersal occlu 1ons has been reported by Grififlan
Jones Rolland and Wale® Many epiodes of transitory famtness and
dizzness or weakness numbness gnd bingling of the extretie  repre
eat mynor cerebral emboh m Only a wall proportion of the emboh
1t vi ceral arteries are recognized even major embolt m Yhe Yadney
are unsuspected unle s Yhey cause pamn and hematuna and 1enal fasture
rmay be the result of renal mfarenon Hone and Coggin 3™ found that
renal infarchion from Tations sourtes »os yreogmzed before death
only tho of 200 ca es, and Mlter Burchell and Edwards?® found
chneal enidenca m only one of 44 10 tances of srterial emboliem of
the pleen and kiduey associated with scute rayocardul infarction
Mang emboli to the cpleen and to the me<enteric yessels cannot te
diagno ed from 1gns and ymptoms The diagnostic dillicalty 1 all
these 1n tances 1x equal repardless of the source of embolux
FErabolr are more frequently su pected and disgnosed n the extreny
ties than m the viscera because of viuble igns and more obvions
symptoms Ba ed on the symptoms of udden pain or udden numbne s
and culdne < n 330 In tances of penipheral artena) embel m <tudied
by Haovic? the diagno 13 was uspected 1 812 per cent Of 300
embolic occlusions 17 157 per cent) gave no climeal manestation
Warren and famon # reported udden oncet n only 69 per cent of
U0 w tances of embohem »n the evremities and evere patn i anly
238 pex cent
e s o e v el
e 1}‘; ﬁm; —aotably the artenies of the hran and of
odings would il not sccurately yeflert the
wedence of yetomie antenal embol m for artemal occhs sons and
penipheral anfarcts often cannot be differcntiated 23 ta ther ong
etther embobic or loeally thrombatic Althongh the bratn 1 um;&{\
the commonest 1w of emboliszy the case 1 whick it 1S examumned .
é\ema :n&“ \hcrcl:rc not typicab—~anly 10 cases 1 164 4n a -cne:}::
s and Bavi % Graham wr
peraphersl starction 1 101 p::‘ei ayfi'ﬁi‘ffhf,,,,“ oeopstytady of
8 tatic feart diseg ¢



CEREBRAL 182
~RETINAL 3
=" BASILAR |
ARTERIES T_O UPPER

EXTREMITIES 100Y

AXILLARY 3

BRACHIAL 36,

ARTERIES TO ABDOMINAL
VISCERA 14_%

"~ seuemc 7

" RewaL 28

T~ MesentERIC 11
(23) 89%

-

ARTERIES TO LOWER
EXTREMITIES (66)
1668%

~ ILIAC ARTERIES
eug

FEMORAL 29 7

POPLITEAL 21 -
TIBIAL 16

Fic 3 Distrbution of systemic artersial embolism n rheumatic heart
disease  (Figures 3-5 reproduced by permi sion from Daley B et al
Systemic artenal embolism i rheumatic heart disease Am  Heart J
October 1921) »
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myocardral anfarction at necropsy and found the bram and hidneys
mo t frequently myolsed by emboh m )
Nether thrucsl for necropsy diagno es pue accurate tat hica
recults howeser beeause many embol remain unrecagnized Occlu tons
of waller artenes often are not even su pected although they may
cause many vague signs and symptoms The mimicry of neurologi®
disorders in the legs by artenal occla 1ons has been reported by Gilfillan
Jones Rolland and Wylie ™ Many ep1 odes of tranaitory faintness and
duzness or weakness numbne s and tingling of the extrenubes repre
cent mmor cerebral embol o Only a mall propostion of the emboks
1n vt ceral artemes ate recognized even major embolt 1n the kidneye
ate unsnepected unless they cause pain and hematunia and yenal falure
may be the re ult of renal mfarction Hoxie and Cog,m ™ found that
renal wfarctron from sarious sources was recogmzed before death in
only two of 20> ca es and Mifler Burchell and Edwards? 3 found
clmcal enidence 1 only one of 44 mstances of artersal emboli m of
ihe pleen and kudney a ncrated with acute myocardial infarction
Many embol to the pleen and to the me entenic yessels cannot be
diagno ed from gns and swaptom  The dizgne tie difficulty w all
these in tanices 1s equal regardles of the source of emboly
Emboh are more frequently su pected and diagnosed 1n the extrem
tes than 1n the v cera becau e of vi ible gns and more obvious
symptoms Based on the symptoms of udden pain or sudden numbne s
and coldnes 1n 330 1n tances of peripheral artersal emboly m tudied
by Hamovier 2 the diagno 1s was «u pected 1 £12 per cent Of 300
embthe occly on 17 (57 per cent] gare no chnieal mansfestetion
Warten snd Lunton ™ reported «udden oneet in only 69 per cent of
110 1n.tances of embolism in the extrermtic  and seyere pain 1n only
738 per cent
Esen of alt potential stes of artersal emboliem were examined at
Dy 8 they are not— notably the arterscs of the bram and of
ll:z‘di ‘“‘::’”c’;’"—:};: findmgs would nll not accurately reflect the
ether embolic or localln aanet be difereatigted a3 to thew ongn
y thrombetic Althaugh the bram 15 «uppasedly
e cmmoe 1 e cf emboksi the cases 1 winch
h 1t 19 examuned are
sclected and therefi re nat typreal—only 10 cases 1 161 b
Wers and Davs * Grobion o1 019 genrer ot o S ® DY
pesipheral wfarcon i 10 o 8 reniewed a necropsy study of
n 101 patients dying, of rheumatic heart dicease
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but did not mention the number of brams exammed and Garvin %
reported examination of the brain 1n only 56 per cent of his <ertes
Although the asailable cvidence 1s mcomplete and 1naccurate, still
1t mndicates that the brain 1s the most frequent site of both fatal and
nonfatal emhols, and any estimate of dence based on e
which excludes this site must be considered inaccurate TABLE 4 illus
trates how expenence of cerebral embolism varies aceording 10 specralty
The pathologist observes many asymptomatic cases (66 per cent) the

TasLe d—Incidence of Cerebral Embolism tn Rheumatic Heart Disease

Number of
systemic | Number of
artenial cerebral Method of dragno 1ng
embelisms | embolisms [ Percent | cerebral embolism
Graham et al 39 26 66 Necropsy
Weiss and Davis 57 28 19 Clinical and pathologe
Daley et al 393 188 48 Chnieal
Bourne 30 22 3 Chmeal
Warren Linton
and Scannell 337 50 14 6 | Clintcal

mtermst only those chmically mamfested (43 49 and 73 per cent)
and the surgeon predommantly those for whom an operation 1s bemg
considered (14 6 per cent)

EMBOLIC VERSUS THROMBOTIC OCCLUSION

Unless an artery 1s scen at necropsy <oon after occlusion 1t 1« difficult
to determine whether the cauce wa« emboli m or thrombosss n «itu
even the micro copic structure between the thrombus and the wall
may yteld no indication Differentiation must be based thercfore on
ascumption If the evidence 15 eqmvocal and if either a thrombus or ¢
aigmficantly roughened area 15 found on the wall of the heart 1t 1s
then assumed (not proved) that erther a portion or an entire thrombus
has been eyected and has caused the occlu 1on By these criteria mo t
artersal occlusions tudred at necrepsy after rheumatic heart dicease
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have been yudged embohic Daley et al found thrombt in the feft aunc\g
1n 2o of 39 patients with cncally diagnosed antenal emboli m 2w
Tonbemng of the wall 6 others In four of five patients aged o\eox;
50 years with the ame dhagnosis Glover O Nedl Harns and Janton
found thrombotic matenial 1n the left aurscle

Artenal occlusions a ~oeiated with acute or healed my ocardial nfate
ton however how by these emtena a much maller proportion of
exbolic oecla w0ns, Jordan et al?? found that in only 29 of 52 instance
(29 per cent) of 1ascular occlusion occurrng in 210 patients with acute
rmyocardial nfarction was there a corresponding cavitary clot o about
half of the vascular occlusions m acute myocardul infarchion are pre
sumably embolic The proportion of embalic ocrlusions was much lower
m tho e occlu tons as ociated with healed nfarctions In only 8 of
32 mstances {25 per cent) of vascular occlusions occursing am 117
patients with healed 1nfarchon was there a cavitaty rlot. Thus enhy
one m {our va cular ocelumons 1w healed myocardial infarchions wa
precumably embolic It 15 entirely rea onable that older indwiduals
with asterioscleronic disease <hould how a higher propertion of autock
thonous than of embohe vasenlar octlusions In sheumanie heart disea ¢
the aserage age 15 fower and there 1s less penspheral arterial dieease
It must be remembered however that an occlusion may be of embolic
origm even though the pathalog: t fails 1o find a thrombus 1 the left
auncle The entire thrombus way hate been extruded as implied by
Graham ef al® * n reporting the sheence of left aurcular thromb
wwothids of a series of peripheral infarcts found 1n patients with
theumatic heart di ease and as evidenced by case repoarts of sumlar
findings followmg arterial occlusions wath typical embols  Another
po sabihty 15 that aurscular thromin may be ms ed by the pathologist
Clots may be & lodged 1 the course of necrapsy Small embol sufh
clent to cau e dicebhing cerebral lesions can arsse from smal thromby

whieh lodzed between the folds of tht trabeculse carneae can ealv
be s ed Soderstrom calls the clots 1n the auriculer appendage  retess
thrombi  These are often of recent formaton and charactenstically
ste attached 1o the wall by only a tiny stalk or not at all  Conse
quenthy e comments  uch thromby are easily Yo tor di lodged whe
thel ft suricular appendage 1s opened at autopsy i
Wallsch Lokash and Angrit 5 beheve that nonbactenial thrombotag

emboly may account for a targe propartion of embol m 1n which there
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15 no evidence of left aurscular thromby, for 1 neeropetes of 113 patients
with rheumatic heart diseace and infarctions of the hidney <pleen, and
brain, they found nonbacterial endocarditis m 28 per cent of those
who had left auricular thromb1 and 1n 51 per cent of tho e who did
not They pomnt out that the ¢ vegetations may be oerlooked as a
cause of embolism because they may leare httle gross evidence on
being diclodged—another possibihity which must be considered there
fore, 1 every mstance of systermc artersal emboli m, even 1n rheumatic
heart diseace

Caletfic embol folloving surgical maripulation of the mutral valie
have becn reported by various authors * Weiss and Davis ** reason
ably mamtam that the burden of proof 1» on those who deny that
arterial occlusions 1n rheumatic heart di ease are from left auncular
thromb1 In the abscnce of definite locahized arterio clerosie, a perspheral
mfarct i rheumatic heart disea e 15 more Iikely to be due 1o embohe
oeclusion from a left auricular thrombus than to a thrombus 1n <t and
should be <o considered until ths <ource 1s excluded This 2 umption
would scem to be a wise precaution for avording a possible co tly error
of omrsqion m treatment Immediate surgical intervention 1s seldom
necessary for an arteriosclerotic occlu 1on but 1 embolie occlu ton
of the artery to an extremuty 1t must be undertaken withm a few hour
A sascular occlusion n the presence of an acute or healed myocardral
mfarchon apparently 1s about as Ihcly to be duc to localized throm
bosis as embolsm Temporary obseryition 15 justificd and a coreful
Q. 1al duag between embolism and thrombosis must be made

SUMMARY

Systenuc artersal emboliem ar: e« in over 90 per cent of e es enther
from clots wn the Inft auricle of rheumatic origm or clots in the left
ventricle of arteriosclesotic ongin Clots in the cardiac chambers are
segregated accordng to the type ol disease Wheteas arterio clerohic
or coronaty arterial discase cau €s lesions predomuaantly m the nght
auricle and left ventricle rheumatic heart di e1 e causes lestons pre
domnantly iz the left auricle

Rheumatic heart cicase 15 the mo t frequent cause of systemyn
antenal emboliem Becan e of the urgency of treatment sy tennc arterial
occlusion 1 rheumatic heart dr ease should n every i tance be con
sidered embolic 1n ongn unless another ~aurce 15 definitely e<tablt hed
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In atteriosclerobie heart d ea ¢ however the frequency of thrombohie
vaseular occly 10n makes a more deliberate differential diagno 1= advica
e Although the incidence and &1 tnbution of § temse arterial
embohi=m in heatt di ea ¢ are not accurately known the bram 1s ap-
parently the mo U frequent ste of both fstal and nenfatal =y teme
artenal embohsm  There are everal possibiliies by which an arterial
ocelu 1on mav be of embolic onigin even though no thrombus can be
found sn the Jeft avncle



2 Death and Disability from Sys-
temic Arterial Embolism n
Heart Disease

MOBILIZATION OF CARDIAC MURAL THROMBI

SINCE THE RISk OF DEATIH or disability from systemic arteral embolt
1 heart disease arices only after mobilization of cavitary thromb: the
proportion of thromb1 liberated 15 an umportant datum, but 1t 1s un
known In no series of necropsies following death from heart dicease
has there been a complete exammation of all the possible artenal «ites
of embolism to correlate with the mural thromb

One of the most complete investigations of rheumatic heart dicease
has been that of Graham et al %! who examned the bramn in most of
101 necrop<ies Among 33 patients with thromb: in either the body or
the appendage of the left auricle they found clear evidence of systerme
emboltsm 1 15 (45 per cent) The studies of these authors and others
(TABLE 5) based on the 1dentification of left auricular thrombr either

Tasre 5—Etidence Regarding Percentace of Left Auricular Thrombt
Mobit ed in Rhenmatic Heart Disease

Number of | Number Method of
patients with dragnosing
with Jeft | systemic Method of systemic

aurtcular | arteral Percent |identtfying arterial
thrombt bol! bilized | th b embolism
( raham 33 15 45 Necropsy | Necropsy
Jordan et al 42 32 76 Necropsy | Necropsy
Glover etal 130 47 36 At commus
surotomy | Chnical
McGoon and 21 n 52 At commus | Uhinreal
Henly surotomy | (confirmed at
antopsy)
Total | 226 105 %6 | i

20
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3t operation oF &t necropsy and on the diagnosis of systemuic artensal
emboliem from either clinical or pathologic findings mdncalc“:l;a! n
cheumatie heart di ease about hall of all feft auricular thrombr are

mobilized The same proportion applies to clots m all cavities of the
heatt accordmg to other tudies 17 1B

GENERAL DANGER OF DEATH

The danger from systerme artensl emboh m 1 rheamatic heatt dis-
eace does not u nally appear until adufthood but then embolism accounts
for & Ingh mortality rate Hebbert and Rankin 19 found that smong 45
patient. over the age of 50 who died as a re<ult of rheumatic heatt
disease 16 (3> per cent) died of major embolic meidents  Of 123
deaths directly altributed to theumatic heart 1 ease in patients between
the ages of 40 and 80 Wallach et al ¢ Sound 42 {33 per cent) had died
of embolism {n addition emboh ™ was mdirectly sesponsible for other
deaths—in ope i tance bronchopreumoma had followed cerebral em
bohsm Among 68 patients over the age of 40 who died of rheumauc
heart disease Soloff and Zatuchm  a<cribed the deaths of 16 (23 per
cent} to systemic artenial emboli m  Selzer '* found 10 deaths from
systerme artersal embolistn among 9o necropey tudies where myocardial
mfarction was the primary ilness Heller tein and Martin M4 ascribed
11 deaths among 160 patients with myocardial mfarction examined st
recrop 3 as bewng mawly due to systemace artensal embohsm. In another
i1 pahents atterial embohsm was a contnibulory cau ¢ of deatk

MORTALITY 1N SINGLE EPISODES

Bigelow and Greenwood  reported that of 39 rheumatic patients with
swemie arterial emboly m o even {2} per cent) died within 2 month
after the firt emboh w bw they dd not tate the location of the
occlusion Twenty four per ceat of 7o thewmatic pahemts <tadsed by
Ole en? ? died because of the first embolic episode Among 194 patients
of Daley et gl 4 with chimical diagnoses of 39 systemic artenial embal
widely dystributed the deaths of 23 (11 per cent) were the direct result
of a sngle embolic em ode From this compiled group of 302 patients

with thewmatic heart disease with arte rial bof!
died a3 3 te ult of 1 oy st monainy T et

gle op ode The smmediate montahty rate Irof
m
cmzboh ™ n myocardial wfarction 15 highes Jordan et a1} report
8 .; Per cent death rate »n 81 patients wath artersal embolism 1n acute
ot healed myocardsal snfarction The mortabity rate 1 any study of
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systemuc arterial embolism depends on the proportion of nunor to majo
embolt recognized, and must be related to the site of emhoh m Th
mortality rate i occlusion of a mayor artery 15 lugh, wherens mmeduat
death does not often follow occlusion of a splemc, renal or brachi
artery Fmbolism to a coronary artery, onc of the rare<t ites, ha per
haps the highest mortality (over 90 per cent) S0

CEREBRAL EMBOLISM

Embolt m 1o a cerchral artery 1s the greatest danger from embolt m
m heart discase, because of its lugh meidence Next to the rare coronan
artery embolim 1t has the highest mortahty rate and not only accounts
for the majonity of embolic deaths but alo causes serous re wdudl
effects in half the patients who do not die immedintely The r1 k 10 10t
cated by Harris and Levine s 1 report of immediate death an one thied
of 72 patients with rheumatic heart di easc and the death of another
15 per cent wnthun a period averaging a hitle over a yeir Daley sad
that half the patients who had on¢ or more cercbral embolisms died
from this complication Lencgre Tatbouet and Paris? 9 reported the
death wathin 4 few day« of more than a third of 83 patients with hemt
plegta in rheumatic heart diser ¢ and mote or less severe scquels 10 2
third of the survivors Rocdenbeck and Bermejo ® howerer, nlmm‘d
mmediate death of only one of 13 patients with hemrplegi

Among the survivors hemuplegly may be followed by severe per
sistent motor impasrment with partial paralyst  Several types of sental
disturbance may develop depending on the <ize and location of the
encephalomalacia In 525 consccutne necropsies 1n a neurop ychsatnic
mstitution Towbin *% found proof of recurrent cerebral embol m 8¢
the cause of organic bram dicase in 17 patients although th. cau e
had been su-pected 1n only one Five of the 17 patients had rheumatic
heart diccase—dia nosed before death in only one of them—and two
of the fise had had recursent emleptic <eizures Another had manic
depressive psychosis and of the other two 1t was only stated that mental
changes had been pre ent for many years Bewdes the e fise another
of the 17 pitients had nonbacterinl thrombotic endocarditis The other
11 were patients with myocardal nfarcts and ventricular mural thromt

Although 1mprovements i operative techmc an mitral valvopla ty
have reduced the meidenee cerebral emboli m 4l remains one of the
most feared complications of mutral valvoplasty ¥
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AORYIC EMBOLISM
Embobs m to the bifurcation of the abd 1 aoria 1y com

pnses only about 5 per cent of the total sy temuc artersal embolt in
theamatic heart disease Death or 1o » of limb occurs m a igh pro
porhion % &

The mortahty with aertic embolectomy 15 nearly as great as without
I € The pessumsmn of many surgeons 1y expres ed by Taglor ¥

Successful aortic embolect 15 s <p as to completely over

fadow st true medical worth 1t 1s fortunate that this procedure does
not hase 1o be con idered n the hight of 1ts general medical benefit
Menkand would be far better erved 1f the ame time, effort and meney
would be spent on some dull pubhe heatth problem 1t mu t be noted
howerer that many deaths following embolectomy are due 1o further

enbohsm and not to the operation which 1 u ually an ndicated
procedure

ARTERIAL EMBOLISM IN THE EXTREMITIES

Although emboh m 1o the extremities accurs mn one fourth of alf
theymatic patients with emboli m 1 only ane hall of these {13 per
cent of the total) 1 st ysually dangerou These are the embolie ooy
1ons ot the femotal and shac arteries In emboly m of the upper extrems
ties medicat treatment usually procures ot factory recovery byt as
1o embolim of the lower extremine

there 15 & wile vanation 1n
reparted results as megsured by mortality the frequency of gangrene

ana residual di abibyy There 5 a goad explanation for the ‘arnaton
The danger varies wath the location the prompiness and aptness of
ireatment, the conditon of the arrculation and the Tikelihood of Trcur
sence of embobiem from the onginal source Impmrment of eollateral
arcalation by diffu_e asterial damage of stasia due to cangestive iaxl‘3

creates a2 morbd terramn  for any arterial ob truchon Dye o U{;
attnbute the poor resvlts i thewr eries of embolectomes x’o ﬂez :

canious cardrac status of the patient, ¢ pre

DEATH AND BISABILITY FOLLOWING EMBOLECTOMY
The high mortabity folloning even
15 evident m the 1952 repon by

800d treatment 10 advaneed e
patients at the Loy Angeles County

Flasher and Stephenson? of g)p

General Hospstal., Fack of these hagd
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at least one embolic arteral occluston affecting a lower extremity and
67 per cent died within 30 days of on<et Although the patients sclected
for embolectomy were considered the better nishe the mortafity among
these was shghtly higher~70 per cent In general however, the patients
were 1n poor condition when first <een and the authors believed that
“the outlook toward hfe and hmb that we have noted certamly wilt
not be as grnm in private patients’ In contrast Pratt?® reports two
thirds surviyal 1n 42 cases of embolism 1 the femoral artery Medical
treatment has improved m the last decade and the re ults from embo
lectomy have improved with earher operation and a betier <election of
patients In 83 patents without embolectomy for whom the treatment
was considered “early and good  Silbert ™ records that 71 per cent
recovered without gangrene

Earher embolectomy 1 a lugher proportion of cises was credited
with an improvement in hmh survinal by Warren Linton and Scan
nell % Although there can be lutle question that the early removal of
an embolus to the bifurcation of the aorta or the 1hac or femoral artery
1s advisable still 1t 1s advisable only 1f a trammed surgeon anesthet: t
and internist are avatlable The prevention of the subsequent formation
of a thrombus at the site of operatton or of the mobihization of another
left auricular thrombus 15 both an 1mmed:ate and a remote concern

The tragic nature of embolism to the extremitics in the past 1s well
tlustrated by = case report of over 89 years aga Treatment then was
il advi ed and futile and the patient usvally died after mi erable <uf
fering The verbahum report 1s gnen here”

Embolism of the arteries of the Extremities by Samuel B Ward MD
A M —one of the Surgeons to the Pre bytertan Hospital New York and
Profes or of Surgery at the Womans Medical College of the New Yorh
Infirmary The following case appeared in the writer s practice la t ummer
and the ranty of such together with the pmeryy of the lterature of our
own language on the <ubject are lus rea ons for offering tlus paper for
publication

Ca e 1 Heart disease of Sixteen }ears Standing  Sudden Occlusion of
Rught Popliteal Artery after an Attacl of Endocarduis Apparent Improre
ment and Attempt at Collateral Circulation for Two Days Secondary
Thrombosis of Femoral Artery extending, as high up as fouparts Liga
ment at least and occluding all the Collareral Branches Ganzrem of
Leg on Fourth Day Double Dwphragmanic Pleurisy and Trismus on
Elerenth Day Death on Tuelfth

DP aged 32 Inh marnied plasterer by trade has never had theuma
tism When 16 years old he was told by bt phy rcan that he had
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heart disea ¢ the chnac(:l: of \«luchl\ns ot stated and was advt ed 0
ark and avoud excitemen
g“j:;,‘s\;“gvjsl;.a‘:‘.\v.s frst called 1o ee this patem and found }‘n‘
stomach fargely distended with g2 bowels omewhat \ymvayn\c v“1 ©
150 rregular and lm:n!\:\tnl y (mﬁ“‘l\t?\ch:r“:h]“h wm? suncolar
? ~ioms and parenthe es pre ent al

6\»;\(\}\‘31;?:(1‘\[“\;% " F,umu‘:auon of beart revealed hypertrophy of left
ventricle with dijatation and <ome vaholar dicea ¢ of the exact natuse of
which 1 could not be certam on account of the rapd and areguler athion
of the organ

Sih—Eireme spfermg Srom dysprors duting pa taight 1o cedema
of lawer extremities at any time

ilth st half pa t one while wallang acro s the floor he had expen
enced a en » of numbne s 10 the pght Jeg remaslung that ke had no
centrol over 1t This was folfowed almost immediately by exceedimplv
acvie pam 10 the moscles of the calf compelling bim to Lie down Dr Cale
at once directed the Db to be bothed in kot mustard water and vigorensly
rubbed (Rtalics pre ent authors) The mu cles were perfealy flaceid the
skin was white gs marhle and apparently as bloodle s and the surface
trom 4 hand s breadth above the knee to the extremty of 1be toes perfectly
cold Pulsation could be felt an hoth tibials of the left himb  on the nght
side no pubsation could be felt below the opeming 1n the zdductor magnu
for the passage of the femoral The patents general conditron was wndica
nie of orute suflertng His head and upper extremitiex were bathed tn
perspranon ond he tossed abous she bed vcesron by begging some on
ta shoot fum to put him out of kes pan \ltalies 352 psr et avthors )

The dua no 1s was made of emboly m of the nght poplteal attery by a
clot or vegetation from the salves of the heart

On the 23rd day at 2 oclock AM he died perfectly quetly 1t was

mpos 1ble to vbtam permn sion 1o make any po t mortem examinall
whatever—~a cireum tance much regretsed

Ward refers to another patient with enboli m 1o the popliteal artery
who was 1 perfect agony  In addiion to yenst poultiees externally
the internal trearnent was suppasting and stimulating (tabics present
author s} the patient s datdy allowance being four pounds of frech lean
beef made 1nta & trong brath thees eggs and 2 sufficient quantity of
mis one quart bottle of brandy

sherry and ane prat of cham
patne~—the latler to con
trol nauser (Again preseut authors il

s} The pavent also ire
r:ulendv took as much as four cunees of faudanum 11 the <} hours to
:, ;lﬂe p;m The modern dosage of sleshol recommend d for periph

rasodulatation would appear of selatisely homeopathse amaunts 1n

milk made 1nto punch and 2e ¢ ot
one Ralf prnt of
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supportive, stunulative, and antinauseating effect Ward found only
one recovery in 30 published cases of embolism to the extremities

It may seem praturtons to recall at length the errors of the pa t, but
even today, with modern methods, the treatment of any single embolic
eprsode 1s one of frustration snasmuch as only the effect (embolism)
rather than the cause (cardisc mural thrombosts) 1s being treated
The most frequent type, cerebral embolism 1s at present maccesstble
to embolectomy, and has a high mortality rate Emboh lodge 1n acces
sible site i relanely «mall proportion, and despite the most <kiliful
medical or surgical treatment results are often unsatisfactory Recovery
assures no immumty against an early <erious or fatal recurrence How
great the danger of recurrence may be, we must consider next

MORTALITY IN SURVIVORS OF ARTERIAL EMBOLISM

Duration of Survival Period after Recogmzed Embolism

Recovery from the first attack of embolism 1n no way termimates the
danger of future emboltsm but actually wncrea cs 1t Any optimim
generated by the survival of an occasional patient for many years
without treatment 1s dimpened by an examination of the usual natural
history  The subsequent natural lustory mn systemic arterial embolsn
15 that of short survival and a ligh proportion of deaths are due to
recurrence Whether the 1utial embolus 18 removed or the condition
treated expectantly survival 1s about equally long

The danger 1s well illustrated by Strombecks # follow up on the
60 “successful cases' of survival following embolectomy for alt
causes 1 a group of 327 treated i Sweden (1912 through 1932) A
fourth of the patients were dead within a year of operation half of
them 1 three years and two thirds 1n five years Hemiplegia cau ed
12 of the 41 deaths and occurred in 4 of the 19 survivors Strombech '
observed that since * these were heart di case patients who had already
been exposed to artertal emboli 1t <eems revsonable to assume that a
large number of these hemiplegias and perhaps most of them were due to
cerebral emboli

Since the sources of embolism were all types of heart diseace the ¢
figures reflect a general prognosis as to the length of surunal following

embolism
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RECURRENT EMBOLISM AS CAUSE OF DEATH

u
Tu sy temic attenal eyth T wemuting oah 0 pahcr\sﬂ:\ 1:\}; lﬂ;‘ .
s sumlarly frequent sad on
atie keart diease yecurrenee X FOr,
ts 32 survaed for an avera
pot. Ama g 39 such patien oy
:h!ec and one half vears according to Bugelow and Greenn ool wh

R zveoute vestes
% CARDIAC DEATHS

DNDN CARDIAC DEATHS

voe

§ 7 8 9 10U

3 4 % p
——YEARS —w-

Fo 4 Graph showing fate of 52 nrosors af s temc attensal emboli m
(Tvpe of death)

did not specafy the causes of deatk In another group of 52 27 died
within 3 years 14 from recurzence 3 (¢ 4y Recurrences were eark
frequent and serous

Ose may approvimate the dsnger of deuth from emtolism 1n then
mahc heart disea ¢ as Yollows Df 206 panvnts with recogruzed embo
tom shout 1¢ due 5o the £ 5 & tack and about 38 (45 per cent} of
the survving 8% de of vecurrent embolt m Thus the sk of desth
from emboltsm 1n the first or subsequent attacks 25 over 56 per ceny
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The Period of Greatest Risk of Recurrent Embolism

The period of greatest likelthood of recurrent emboli m in rheumatie
heart discase 1 the study of Daley et al % was immedintely after the
first recogmzed eprsode In 115 patients who had multiple ept odes
about as many had recurrences within a week (32) as did n the nest
three weeks (41), and as many 1n the first month (73) as n the next

50

NO OF EPISODES

1 DAY TO |WEEKTO IMONTH EMONTHS (YR.TO & YEARS OVERIO
IWEEK [MONTH TO6MOS TOI YR 5 YEARS TO IOYRS YEARS

INTERVAL

Fic 5 The ume intersal between recurrent embolic e odes

cleven months (71} <ec FIGURF 5 Of 201 recurrent episodes withm
ten years, 144 (or 71 per cent) occurred m the fir t year The danger
continued however not just for a short period after the fir t embolism
but throughout hfe About half the death early or late were due to
systemic artenal emboli m moreover 1t could be said of the survivor
at almost any time after the mitial epreode that half of them eventually
would die of systemic arterial embolism The danger became progre
suvely less immunent but was ultimately no less certam

The chance of recurrence of systunme arterial embolism n rheumatic
heart diseace 1s thus many tmes greater than the chance of a priman
episode Once the essential thrombus has formed m the left auricle and
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has been mobtiwed a contmming hetrate for recurrent embolt m
extfs Untd the underlying mechanim which produced the primary
embolism 1 altered there 15 na reacon fo 8 wme recutrent emboli m
will not be the vale The evidence mdicates that onre emboli m begtas
1t contires I one patiest veported by Woght t nine embolt occutsed
withsm ten dav

Although recurrent arteral embol, m has not been so nell tudied 1
heart dyeea ¢ of nontheuratsc ongn and would weem clieally 10 be
le s common certam studies wndicate Srequent embol m arsing from
sentniclar murat thrombt Towbims 4 yeport of recursent cerebral
embal m from fragmenting left ventricular thrombr 13 an exerflent
mral prototype Thrombn may per 1t over 2 healed my oeardial m
farct and socount for repeated mmot untecognized arienal erclamon

REPEATED EMBOLECTOMY

At umes the recurrent exthale lodge tepeatedly 1n aites acee wuble for
remoral sa that tepested embolectormies are necesary  Although the
ame aytery may be occluded recurrences ave more frequently at differ
wy e

Refore adequate antithrombotic mea ures were asasdable fo yhibst
cau ative cardize mural thrombo 13 yecursent emboli m required 1o
prated embol orcasions & dish mng exp Tn 1939
Drcumarol was not m vte and although heparn was avaiable 2 was
mecessary to gnve it by njection and the need for & prolonged unn

terrupted anithrombotic schon was not appreciated MacFarlanes ea ¢
2 eloquent.?®

Cuse Report  An unmarried waman age 27 was admitted 1o \be Bospral
l’r; L;:;::‘ 1,2“3:1!3& \:gyl;a {dngzm?‘ of acute appendietrs Exammaunﬁ of
of mitral tenosis with auricyl,
@ ventneular rate of 170 D spute the abdominal pamn c:o:u?r:):,n’:g‘::n;:g
e s m the npht dhae fossa th re was no nodity  The leukocyte count
':c“l 18500 Tt was thow i thar she futght have 2 mall embohe me enteric
< MR <o no operaton wa performed Onm Apnl 17 five days later
e complaned of a pumb feelmg m the Jefy leg and harp pan Pall
pul e could not bhe e belaw the . i
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The Period of Greatest Risk of Recurrent Embolism

The pertod of greatest ikelihood of recurrent emboliem 1n theumatic
heart disease i the <tudy of Daley et al * was immediately after the
first recogmzed episode In 115 patients who had multiple epreode
about as many had recurrences within a week (32) as did 1n the next
three weeks (41)  and as many i the first month (73) as 1n the net

S
1

NO OF EPISODES

) ot

o A
fDAY TO I1WEEKTO IMONTH GMONTHS |YR TO 5 YEARS VERIO
IWEEK 1MONTH TO6MOS TO! YR S YEARS TO IOYRS YEARS

INTERVAL

Fic 5 The time interval between recurrent emboli e ode

eleven months (71) <ee FIGURE 5 Of 201 recurrent episodes within
ten years 144 (or 71 per cent) occurred m the first year The danger
continued however not just for a <hort perrod after the fir ¢ embolism
but throughout ife About half the deaths early or late were due to
systemc arterzal embolism moreover 1t could be said of the survivor
at almost any time after the mitial ep1 ode that half of them eventually
would die of systemic arterial embolism The danger became progre
swvely less imminent, but was ultunately ne less certain

The chance of recurrence of systemic arterial emboll m 1n rheumatic
heart disease 15 thus many times greater than the chance of & primary
episode Once the escential thrombus has formed 1n the left auncle and
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on 5 obtamed 2 In toty of previous major embohe eps odes for 6 of
13 patents with aottie emboliem .

Tn 2 sudy of 5 temic artenta) etubolism 1 patients with theumatie
Yeurt disea ¢ Dalev ™ found that more than two s of W ursnvess
of the fir t recaguized attack (115 of 171} had st lea t one recouyTenre—
ome 28 Tany a8 <~ mnst attacks bewmg within 1% months of eath
other Among Co gnffs? 35 patents with yecurrent emboh oy
four had had a single previous epr ode Recurgence 188 well e rhhded
ule, therefore and the patiern of recurrence 3¢ 85 cerlain Yrom one
vecognzed etabolism a5 from two There »s actually greater probatilits
that & patient with one eprode will have a second than that # potient
with two wall have 2 thard

Finally however probable ss recurrence may be the <enou ne-s oY am
futare eprade 15 unpredictable Any s e may eventually end Yike that
seported by Tephrk and Yarrow®' whoe pate=t wrk theumanic
rmtral valve dicea » and aurscular fbrilation recorered from embod m
im the renal artery but died vadenly within three months A symilar
rase s described by Lanton 2 whose patient recoveted from smbol in
m an extremity onlv to die twehe days later from cerebral embolt m
The burden of proof would <eem to be on those who believe that singl=

ept odes of embohem oreur There os hittle pathologic proof for thic
behe}

In necropsy studies ngle wolated nfarcts are the exception the

usuet finding being multiple mfarcts whuch are frequently of different
ages ~evdence that they bave been ejected not an 3 sigle shower but
poradically throughous the patient s 1afe 187 17 13-

Amang 189 patients studied at necropsy Bull ¥ found 301 emboly
In the IS patents wih etmbolim m the extremuties there were 30
emboly 1 other stes besides mvoliing al) bat ane of the fifern He
sather foscefolly adjured o g =er ' it 13 important not to taye
bhndly at the } embok but to Qearly that the
tatter 18 most often noth 2g dees bsn a hnk & chan of embobs 30
uther otgans prior o sunaltaneons wuh or sub equent to extremnal
emboli m The period of potential enhalustion i theumaye heart
diace and thus the dange of doabulty and desth 15 & cortnuons
one from the tume of the first ectholy m wat death Most of the mnor

etbolisms which forewarn of the ub equent major embohi m  are
chinsafly unrecogmzed,
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removed and heparin again was given int ly (second )
On May 3 seven days later heparin was discontinued The following day
May 4 she had sudden lower abdomunal pam sacral cramps pam down
both tlughs and showed some shock No pulsation was felt below the
bifurcation of the aorta Doctor MacFarlane said 1t was with considerable
misgiving and a feeling of discouragement that further operative treatment
was lated A large embolus was found at the hifurcation of the
aorta but 1t was difficult to prevent a portion of the embolus from <hpping
away The major portion was removed (tlurd embolectomy) Heparm was
gnen continuously agam Three days later on May 7 <he developed
all the signs of another embolus m the right femoral artery! One began to
wonder whether the whole thing was futile but after further <erious con
stderation a good sized clot was remosed  (fourth embolectomy) The
clat was located at the night femoral bifurcation Doctor MacFarlane felt
that 2 <mall prece had e<caped into the femoral artery Heparm was con
tinued until May 28 Nine days Jater on June 6 she had nght facial
weakness paralysis of the night <ide of the tongue and a cold blue left
arm These findings di appeared howeser the followmng day She rapidly
regamed her <trength and was sent home on June 28th

This patient’s repeated major arterial embolism (six epicodes withm
two months) which occurred after di continuance of heparm and re
quired four embolectomies 1llustrates the danger of rapid recurrence
and the necessity of continuous control of coagulability during the
period of acute thromboembolism

Gilfillan and Freeman® mn a personal communication record an
carly case of a 61 year old woman with rheumatic mutral slenos1s and
auricular fibnillation Following embolism to the abdominal aortic
bifurcation for which embolectomy was done regional heparimization
was 1nduced The venous blood 1n the arms and presumably the blood
m the left auricle however was normally coagulable Three days later
a second embolism occurred agam to the bifurcation of the nerta and
embolectomy was agamn performed The next day death occurred fol
lowing cercbral emboliem At necropsy the left auricle was found to
be dilated the mutral onifice admitted only the httle finger and an
unattached laminated thrombus 2 cm in diameter was found in the
left auricular appendage ( ee frontispiece)

Patients with embolism usually give histortes suggestive of previous
attacks says Lund 1%% In 228 patients with various heart diceaces
Haimovic: found 443 resulting emboli Two embolic epicodes per patient
was the average reported by Des Prez and Hubay © for 28 patients

with acute artenal emboliem due to rheumatic heast discase Wilkn



3 Chmcal Correlations of Cardiac
Mural Thrombosis and Systemic
Arterial Embolism

Rheumatic Heart Disease

SYSTEMIC ARTERISL EMBOLISM 1n theumatic heart disea ¢ occurs w &
certan group of patient Climicians long have recogmized that left
aunicular thrombo 15 and <ystemue artenial embols m are more frequent
1n those pattents with longstanding mutral teno 15 aurscular fbrllation
2nd congestine heart fadditre than 1 athers with theumatic heart du case
without theee complications

The prunary correlation of such thromboembolh m mu t be with the
formation of left suncular thrombs In a compoute growp of 829
patent  unclassified as to thathm or tvpe of vahular Ir 1on studied
atnecropsy 216 (26 per cent) had left auneular thrombosts (TABLE 6}
Thos compl can be lated By with both mitral
tenosss and suncular fibrillation but contrary to the general wmpre

sion not with congetive heart farlure that 15 not with chimeal farlure
of the nght side of the heart

Auricufar Fibnillation and Right Heart Farlure i Rheumohe
Mitral Stenonis

The tune velshion hetween the onset of auncular fibrllation and the
decelopment of night heart failure wm mitral <tenoms 1a wportant

TasLe 6~Inadence of Thrombi tn the Left duncle (Body or Appendage)
In @ Composite Croup of 879 Pg renrs Dyng of Chrome
Rheumatic Heo 1 Disease

Author “Namber of patrent m\:‘r\\’c‘x\‘n‘l‘:: :nf:é.‘\n Percent
Soder 1rom 29
Coabam a2} 33
Vit el I
——— W %
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SUMMARY

Probably 25 to 30 per cent of deaths and an i stimable amount of
disability 1n rheumatic heart disease result from the formation and ejec
tion of left auricular thrombr as systemic arteral emboli In the natural
course of this disease process about one 1n six of those with emboli m
die of the first episode and about half the survivors are dead within
three years, nearly half of thece because of recurrent embohsm The
danger of death n the first attack 1n rheumatic heart disease 15 not
nearly as great as 1s the danger of death from recurring emboh m

About 10 per cent of deaths in acute myocardial mfarction can b
ascribed to systemic artersal embolism 1n healed myocardial mfarction
and arteriosclerotic heart dicease with hypertension, the death rate 15
less About one fourth die in the first attack Recurrent emboli m as a
cause of death n arteriosclerotic heart disease occurs but 1t 1s not
as well dacumented Embolectomy irrespectine of the cause of the
embolism, at times 1s an urgent hife <aving procedure but it 18 apphea
ble to only a small proportion of patients Next to the coronary arteris
(which are rarely mvolved) the cercbral arterics are the most dan
gerous sites for embolism Cerebral embolism 1s the most frequent, and
at present 1s 1naccessible for embolectomy The survivor of an emboliv
episode whether he survnves through con crvatne treatment or through
surgreal removal of an oceluding thrombus faces the same danger of
recurrence  The number of embolisms identified during hfe 1 small
1n comparison to the multiple dissemunated embolic infarctions revealed
at necropsy
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cally dagnosed sy temuc arfenal emboh v in rheumatie heart disca~e
{Tani£ 7) the frequency of this occurrence 1n thote without conges
trve fatlure indicates that the thromb: u ually form before the on et of
congestive fadure

Tseie T~Congeste Falure 1n @ Composue Group of Patients wuh
Rheumatie Heart Disease and Chncally Recogm ed Systemic
Arterial Emboltsm (Presumptie Endence of Lejt
Auncular Thrombosis}

Number | Percent
Number { without without

with congestne { congestive
Author embolim | fadure falure Comments
SR A SN SN

Wensand 26 i7 65 17 had “shght or no

Davis {Fatal) evidence of conges

e failure

] e
Boame | 2 | g3 8 | 24had“gocd exererer

tolerance  normally

ambulatory”
P—
Harris and 2 49 68 49 wathout “rales
Levine (Cerebral) enorged hiver or
edema
Dalev et al 194 jV23 &4 62had con, estive fail
155 ehimieal ure 41 mdd 4“mod
eco muon) erate “U yal chuenl
B _ “tandard<™
Qe en kil ]
e 49 66 Rught heart farlure™
m26
PTT R  N
———
Bellc:;:: ::g 54 9 ki3 History of congestiye
3 {atture 1n 13+
Total l 430 306 )
——

Ha;m and Levine,19¢ 35 4 study of 72 cases of cerebral emboli m 4
r:x:;‘a tenowis found thys complication more bikely to oceur m tho ¢
Whovery hitle obpectve enidence of congestive fallure  Bowpne 31
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Auncular fibnilation frequently 2f not usually, precedes rather than
follows right heart failure and 1n a large proportion right heart falure
15 & late, not an early subsequent deselopment Olesen 172 studied 206
patients with mitral stenosis and auricular fibrllation (148 females and
58 males) for a period of from 3 to 20 years Although 82 (40 per
cent) had right heart farlure when the arrhythma was fir t diagnosed
m 73 of these, both right heart failure and auricular fibrillation were
present when first <cen, and no reliable hustors either as to priority or
to time relationship was obtamable But n the 133 patients m whom
the tme relation could be determmed auricular fibnllation occursed
first 1n 124 and night heart failure firet 1n only nine caces Furthermore
in these patients 1 whom the arrhythmia appeared first there was a
long pertod of auricular fibrillahion before right heart fmlure deseloped
In only 27 of the 124 such patients did night heart farlure develop
within five years Eighty per cent, therefore went fise years without
development of right heart failure

Olesen ¥ said that the “development of the complete heart fmlure
described from the three stigmata heart size heart rhythm and night
heart failure, generally occurs in such a way that the heart first increases
in size then auncular fibrillation develops and this 15 folloned at Ja t
by night heart faslure® Enlargement of the right ventricle occurs after
the left auricle has farled The time sequence 1n the cardiodynamics of
mtral stenosis would appear to be first left auricular dilatation and
farlure eventually auricular fibrillaton and last right heart failure

The long survival period of the entire group of 206 patents with
aurtcular fibnllation 1s mstructive Fifty per cent of the females <ur
vived s1x to <even years and 50 per cent of the males survived four
to five years This emphasizes the need for a long period of observation
1 eraluating prognosis as to survival and for the mclusion of the
tho e suruving as well as the deaths The older concept that those with
sunicular fibrillation died within three and one half years after it
secogrution 1 true only 1n groups observed for a relatnely short pertod
of ime
Congestive Heart Failure and Left Auricular Thromb:

Diagno ed by the usual critenia—peripheral venous engorgement and
edema—congestive heart failure 1s not pre<ent m the majorily of Ining
patients presumed to have left auyricular thromb: The presumptine

diagnosts of left auricular thrombos1s 15 based on an eprsode of chim
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aoncular thrombs were present . 44 per cent of patients with pure
tenosis i )84 per vent of those with predominant dtena e and less
fhan 10 ¢c regurgatation and ru only 91 per cent wath pure maufficency
—regurgitation exceeding 10 cc

The findings of Janton et al * * 1n 200 pahents were slmo t wentical

Thus ¢ definute correlation of left auncular thrombosss with mutral
stenons 15 evident Nearly afl patients with feft auricular thrombo 1
have predommaning mitral tenouis and 43 per cent of tho & with pure
mtral steno s have left aoricular thrombosie

Auncular Fibrillabion ond Lef} Auncular Thrembosis

The correlation between aunicular fibniflation and left auncular
thrombosis may be tudied 1m a simular way By the tmaidence of &bl
lation m thromboss diaguosed durmg itfe or at necropsy, and comer<ely
by the incidence of thrombs 1n persons with fibnillation  About four

Taste 8
Revstion of Ruytam 70 Lerr dunicLiar Turousoss
fercentage of Aunculas Fibnilation w Ponems nuh Rhewre tc Heart
Disease and Clmcatly Diagnosed Svstemsc Artened Embolism
resumptive Evdence of L ft Auncular Thrombess)

Patients [
with
rheumatic
heartdi ea e Lauents Percentage
and 5y tem with with
artenal auncular auricular
Authar i ecolusion fibnilation fbrlayr o
Ha mymier 92 815
Harr < and Levine kid
P T e A
Dales etal 191
S AU S
¢ bon 69
tel lerand Somerville 54
Ole en 67
—
O ver eval 84
——
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strike often the well person carrying on without difficulty n his
habstual occupation * They pownt out that the heart lesion 15 often <o
well tolerated that 1t 15 the embolism which disclo es 1t Daley, et al !
m a study of 194 cases, were unable to correlate the duration and
severty of farlure with erther the onset of systemuc arterral emboli m
or the number of embol:

It 15 obvious that one must suspect embolism before the onset of
congestive failure

Mitral Stenosis and Left Auricular Thromb:

The climcians concept regarding a significant assocation of left
auricular thrombosts with mutral stenosts 15 readily bome out by
studies based both on clinical diagnoses and operatrve findings Nearly
all left auricular thromb1 are found in patients with predomunant
mutral stenosis and conversely a high proportion of tho e with mtral
stenosts have left auricular thrombt A correlation based on clmecal
findings however 1s only presumptne Clmical diagnoses are not
accurate for either left auricular thrombosis or mutral steno 1« Lelt
auricular thrombi can be diagnosed only presumptively if based on
the clinical recognition of systemic arterral emboliem The clintcal
diagnosis of the degree of valvular stenosis and regurgitation 1s notort
ously wnrehable Based on chimical evidence therefore one can only
state that presumphive thrombosis appears nearly always mn patients
with presumptive mitral stenosis In Daley s~# 191 cases of <ystennc
artersal embolism, mitral regurgitation predommnated in only three
The only accurate diagnoses either of left aurscular thrombosts or of
a valve lesion are those made during life at operation Only since
cardiotomy permutting digital exploration of the left aurcle has
accurate diagnosis been possible—cither of the anatomuc type and
degree of valvular deformty or of the functional predominance m
flow of stenosis or regurgitation But more important for the first
time the simultaneous presence of three condmions can accurately be
determined and correlated (1) left auncular thrombaosis (2) the
functional valvular leston and (3) auricular fibnflation

Of great value have been the studies of Storer et al * who learned
to estimate the degree of regurgiation by immersing a finger n 2
beaker of water and directing a Jet of measured yolume agamst 1t with
a syringe They classified regurgitation roughly as either more or le <
than 10 cc per systole In 225 curdiotomies 1t was determned that left
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Wherever left auncular thrombi are encountered wn rheumattc keart
dusease therefare—t hether dunng hfe as diagnosed by chmeal arterial
embolism during cardiatomy or ufter death at necropsy—80 per cent
are assocrated with aureular fibrillatton Coner ely sbout half of the
pitients with auneutar fibnlfation have left auncular thrombows 24 132
(ramte 10Y

The chance of a patient with rheumatic heart disease and auricular
fibrdlation haring o left aurcular thrombus 15 about four tumes that
of o pattent with normal snus rhythm

Mitral Stenosis versus Aurscular Fibrillohion

Tt 13 endent that left auncular thrombous can be corselated with
both aunicular fibrallation and pure mutral teno 1s Forty four per cent
af the patients with pure mitral teno 13 m 223 cardrolormes had left
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Tasir 9—Percentage of Auricular Fibnillation w Patients Dying of
Rheumatic Heart Disease wuh Left Auricular Thrombt {Necropsy)

Patients with leit Number with

Author auncylar thromby | ancicular fbrillanton | Percentage
Soderstrom 60 46 6
Jordan etal 50 42 84
Werss and Davis 25 22 2
Graef etal 14 10 7
Cralam et al 33 l 30 90 9

Total 182 | 150 82

fifths of those with left auricular thromb1 hasve auricular fibridlation
and conversely about half of those with auricular fibrillation have left
aurcular thrombi Among a total of 440 pabents with thromba found
at cardiotomy compiled from five reports the incidence of auricular
fibrillation was 86 per cent¥* 81 1 91 °0 Aypicular fibrillation was
also present 1 approximately the same proportion—80 per cent of 632
cases—o0f those with pre umptive evidence of left auncular throm
boss those m whom systemic arterial embolism was clinreally disg
nosed (TABLE 8) Further corroboration come~ from necropsy (TABLE
9) at which left aurrcular thromb: were found Agam the mcidence
of auricular fibrillation for this group 1s b2 per cent

TapLe 10
Reration of Ruytunt 1o LEFT Aurictrar THROMBOSES
Incidence of Left duricular Thrombe at Necropsy wn Patients with
Rheumatic Heart Disease (Normal Rhythm rersus Auricular
Fibrillation ) *

Number Number with Jeft
Rhythm of patients aurtcular thromb Percentage
Normal 150 17 11
Aurrcular fibnillatson 170 76 43
- —
Total 320 93 29

+ From compiled data of Soderstrom and Graham et a}
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womhasis (3 per cent) The addition of auncular ﬁ’l;:llaho‘r‘\ha: ;
factor cau ed an sbrupt nise from 3 to 84 per ceot. Thus 2 olgt
sbout half of all patients with auricular fbelation without re‘pec'ma
the vahe lesion had left auncular thrombr over Ynres {punbs of do e
with auneular Forlation plus pure mitral <tenosis had left aunenlar
thrambs 5 Here the saution of Peatl? mu t be remembered  Firt
tat and all the tme  that an ob erved correlation  measures nothing
aud meaps nothing but a statishical a sociabon not caysation
Augtealar fibeillation appears to have clmcal importanee chefly as
an wndex of a composite group of factors <tropgly predispo ed to throm
be 13 The correlation between aurivatar fibnllation and left auncutar
thromibosts 1» the o L aveurate we bave Tt 1s certamdy the snost helplul
1o the chimman Of the two cossclating factors {aurneslae fiballation
and wateal stenosis) only the arrhythoma can be diagno ed eccurately
and ideatrhes the group who have 80 per cent of the sy temic arterial
embohsm

Qanger of Sy Artenial Embol

The danger {rom sysierme anenal embobism for any person can only
be ¢ timated  ince 1t 15 based on the likehibood of three po sibilities
first that left aurcnlar thromby extt second that they will be
mobilized as embols and third how the lodgment of the embolus will
re ult—harmle Jy or s paralyus gangrene or sudden death,

The Chance of Left Aurieular Thrambass

In those with 1o b tosy of systemsc artensad embok m the chance of
feft aunicolar hrombosis can b estimated from the rhythm 2nd from
the type of mutral vabvular lewon With normal rhythm the chanee 10
about one i ten excluding pure mitral yegurgitation With auncular
Bbrillation howeser the type of assocsated mrtral valvular lesion deter
suwnes the charce of a left auncular thrombus In pure mitral <tenoss
feft quricular thrombous oeenrs n about three fourths of those with
surrcutar ibriffation while pure wstral regurgtation reduces the chance
wn auricular fibnllation to about 16 per cent (r1c 0

The need for aceurate diagnosis of the degree of teno s and Tegur
ghation remams a challenge to the chmcisn The average chnical dug,
w0 tic exsor an 8l three proups—pure stenoss PUTE Yegurgitation ngd
the mixed conditan-—s sulf fgh but probably will be teadsl .
(Taety 13) Biock 2 demonstrated how he & e aoeed

eft auncle can b cathe
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auricular thrembosts, whereas 53 1 per cent of the patients with aunc
ular fibrillation 1 the <ame group had left auricular thromboss
Although pure mitral stenosis 1dentifies the group m which 44 per
cent have left auricular thrombh, the mportance of auricular fibnila
tron 1s shown when the mncidence of those with arrhythmra 1s compared
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Frc 7 Incidence of left aunicular thrombi in those with auncular
fibnllation and normal rhythm in the three grovp Croup I pure mutsal
steno 1s  Group II mitral stenosis plus regurgitation Group III  pure
mitral regurgitation

with those of normal rhythm Storer Lisin Delmonico and Bailev *'

reported that among their patients with pure mutril stenosis therc
were about as many with quricular fibrllation as with normai rhythm—
51 to 49 per cent (FIG 6) But among those with fibnillahon 81 per
cent had left auricular thrombr while among those with normal rhythn
there were thrombi 1 only 3 per cent (Fic 7} Thus although matral
stenosis apparently was essential as a sub trate factor for left aurcular
thrombosts, 1t was by 1tcelf  relatively neghgible factor 1n inducing
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without overt embohsm and without regard to the type of mtral
vatvular lesion about 10 per cent {3) 1 tho e with auyedlar fbritta
won and pure mwral teno W weatly 2 ger cent and {4} mn those
surnving ¢hmeally recognized embolicm regardless of the associated
shythm about 43 per cent. {In the & with clinically recognized systemnc

FPasee 32—Estmated Chance of Left Auricular Thrombosis Moblt ation
of Thrombt and Death From Etentual Embolism 1n Rheumattc
Heart Disease

v Fstimated
\ Estimated {ercentile
chance chance of
‘ of teft Estimated death from
suncular chanee of wvenival
Group \ 100 Patients thrombosts | mobiluation ) emlalism
1 Witk normal vhythm 10 5 3
{n) revo mized e
bolism)
2 £ Wath suneolar bod 50 25 n
\ation {no reco,,
oized embolism) wath
) owt regard tovalse
te on
3 Wath gunseular fibnd 8t 42 19
lation and “pure”
mutral stenoss (no
recoghized embolismy
3 x Wath vecognized sys 100 100 45
temc artensal embo-
b m (80 gercenthave
sunieylar fibnllatieny

atterial emboh m the presence or smmmence of fo,

t
aureslar thrombr will be Mated Althomgh the ind, "'33 ’:o n of k‘[ t
£ k1 necessanly approvimate th o
ofrs s logea) Y Pl e arder of arrangement i the order

In 0ddibion 1 the 1 & of death «
stions dicabiby
a small proportion of the survisors Although the ’:L“:;u E';M b
may be thus rouhly graded and the greater r1 k reco: Jz: OIL‘"
patient with pure mitral stenosis and 2p . Ter Kbnilx:n * md:.
o e
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terized through a needle troduced into the nght paravertebral <pace
and the degree of regurgitation determined He considered this the
method of choice Others have used this method and are mpressed with
1ts accurate correlation with the findings at operation 133 74 53
Although the sequelae usually are mmor, deaths have occurred follon
g the procedure, 1n addition to pneumothorax, hemothorax, and
cardiac tamponade ®® 178 *4 Transthoracic catheterization of the left

TanLr 11—Arerage Diagnostic Error Made in 225 Panents by Four
Groups of Cardiologists *

Group 2
Group 1 {Predominant Group3
(Pure mutral stenosts minimal ( Pure
Cardiologists stenosis) insufficiency) insufficieney }
Group A 25 34 6% 0%
Group B 27 571 27
Group C 35 41 6 63
Group D 24 187 100
Average error 27 7 380 65

* From Storer etal JAMA 155 103 1954 by perm: sion

auricle will probably be u ed however more and more mn the pre
operative evaluation of rheumatic mitral valvular disease This knowl
edge will sharpen the accuracy of the prediction of left auricular
thrombosis

The actual danger of embolism depends of course on the mobilizing
tendency of the thrombi This 1s estimated at 50 per cent for all tho e
with left auricular thromby (CHAPTER 2 TABLE 5) Although emboh
may be minor and unrecogmized at first the evidence indicates that 1f
thromb: are being mobilized = recogmzable arterial emboli m eventually
occurs With this occurrence the risk of death and dicability from
{urther embolism ncreases abruptly

By the foregomng criterna 1e the rhythm and the type of mitral
valvular lesion the approximate statistical ri<k of death from sy temic
arterial embohsm increases through four groups (Tasir 12} (1) m
those with normal rhythm before recogmized embolism the n k of
death 15 less than 5 per cent (2) 1n those with auncular fibnillation
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than 40 g em there nere only 52 patients with Yeft sentricular throm
Lo s {22 pes cent)  but among the 87 pahents with Jarger nfarchons
there were 56 (63 per cent}

Thrombosys was more frequent fallowing mfarctions of the antenor
wall of the feft entrstle—n A8 of 115 patients (42 per cent) Among
52 with acute infarctions of the posterior wall there were only 11
ipstances of verineular thrombosys (21 per cent)

€ ongeste failuze was mo t frequent s patients who ¢ myocardial
infarction was healed but who had ventncular thrombn (70 per cent
1 has ess frequent m patients with both zente wfaschion and ventricolar
thromb {48 per cent) and iea \ frequent w those without ventricular
thromby regardless of the state of wfsrchon Wanght Marple and
Beck ™ reporting on a studv of 1031 cares of myocardial infarction
stated that pers: tent heart Jailure pred: posed to thromboumbobe phe
nomena and that such falure i a sociation with a large wnfarct was
¢ pecrally farorable to formation of mural thrombi with consequent
ncrea e in the rick of embelisn

In e timating the probabibity of lelt ventrieulsr thrombo 18 there
fore one mu t determne as far as possible whether there 1s 8 myocardial
mfarction where 2 15 how old 1 15 and how large it ys—recognizing
that the probability 1s greater 3f conge tive farture 13 also present

One other factor was h d by Schhch

Hell and
Katz 8 Where myorardial infarction was as ociated with cardiac

aneury m they found that 54 per cent of therr 102 patients had ven
trieular mural thrombo 15 In a control group of 410 patients with myo
cardual snfarction without cardiae aneurysm ventricular mural throm
bo 15 was present i only 21 per cent They dud not study the relation
of congestve faslure but among the va with mural thrombs they ob
senved embolic phenomena 1n 33 (61 per cent)

The important chuea) mfereaces are obvious The danger of sy terr
arterial embolt m 1n rheumatie heart disease 15 ag great before as aft;
th advent of cone tive falure The adtent of congestive faslure o
ereases predommantly the danger of peripheral venous thrombosys md
of pulmonary embohism The impértant prognoshic indexes of pot i:“ \1

¥ temie artersal emboh m are mitral stenosis and auncular f\bf ““\ -
::‘ alrlenoxclemuch heart di rase hownever cange tive heart faﬂ\:x:‘u;:;‘:

ely increases the icidence of left ventes
con equently the danger of systemic a:n‘ (ﬁ:‘la:mrz‘;;\a L:hx’;l?bom ol
of auricnlar fibnitation sctually has no prognostic value Esop r; .
ar as
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are useful chiefly as a chmcal guide Embohsm occurring m a patient
with normal rhythm 15 just as damaging as that occurring 1n a patient
with auncular fibnillation 1rrespective of the fact that the ongmal
chance of developing it was only one fourth as great Every pattent
with rheumatic heart disease must be considered to be m danger of
systemic artenial embolism

Chnical Correlations of Left Yentricular Thromb:

Whereas left auricular thrombosis n rheumatic heart dieae 1
correlated largely with the presence of auricular fibrillation and the
degree of stenosis of the mutral valve and less with a demonstrable
les1on of the aunicular wall or congestie heart fatlure the formation of
thromb1 1n the left ventricle 15 largely determined by the character
location and size of the necrotic lesion n the ventricular wall and by
the presence of congestve fallure Nearly all left ventricular thromhi
occur 1 assoctation with coronary arterial dicease or hyperten ne
cardiovascular disease Auricular fibniilation 15 not associated with left
ventricular thromb1 any more than 1s normal rhythm This 1 1l
trated by Jordan’s'® studies In a series of 327 patients who died
erther with acute or healed myocardial infarction 33 per cent had left
ventricular thromb: Twenty seven of the 327 patients had auncular
fibrillation but only six of the 27 (22 per cent) had thrombr 1n the left
ventricle In Garins® study of cardiac mural thrombi there wa
no correlation of auricular fibnllation with any cavitary thrombr except
those 1n the left auricle

The character of the aortic salve apparently has no sigmificant effect
on left ventricular thrombosis Aortic stenosis associated with acule
myocardial infarction does not sigmficantly increase the meidence of
left ventricular thromb: Rumpfe and Bean % found four instances of
mural thromb: among 13 patients with aortic stenosts complicating 1
recent myocardial infarction (30 per cent) This 1s an average meidence

Character Location and Size of the Yentricular Wall Lesion

In a necropsy <tudy of 327 cases of myocardial mfarction Jordan
et al?? correlated the mcidence of left ventricular thrombh with infare
tion 1n several ways Whereas thrombi were present an 80 of 210 patients
with acute mnfarction (38 per cent) they were found m only 28 of
117 whose infarctions had healed (24 per cent) Ancther correlation
was the size of the lesion Among the 240 with infarctions no greater
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than 40 q e there were only $2 pauents with le(;\lenmcula(r lch‘,::nm'
o 1s {22 per cent) , bt smong Abe €7 patents with farger antar

6 {63 per cent)
mt';:,:;;l\: m}:moxc {requent {ollowing infaretions of the antenor
el of the left ventricle—in 48 of 115 patients (42 per cent) Among
52 vath acute anfatctions of the po tertor wall there were only 11
instances of ventrieular thromboss (21 per cent)

Congestive failure was mo t frequent 1 patients who e Ty ocardial
infasction was healed but who had ventnicular thrombu (30 per cent)
1t was Jess frequent 1 patients with both acule wfarction and ventnealar
thromby (48 per cent)  and fea t frequent 1n those without ventuicular
Grombs tegardies of the state of iwfarction Wrght, Margle and
Beck ® reporting on a study of 1031 cases of myocardual wnfarction
stated that per 1 tent heart failuce preds poved to thromboembolic phe
nowena and that such failure 1n a< ocrahon with a large snfaret was
@ pectally favorable fo formation of mural thrombi with consequent
wierease m the 11 k of emboli m

In the probabibty of feft v lar thromb there
fore ome mu L determune as far as pos 1ble whether there 13 a myocardial
wigretion where st 15 how ofd e and how lazge t 1w—vecogmzing
that the probability s greater sf conge tve fatlure 13 al o present

One other factor was emphasized by Schhchter Hellerstesn and
hatz ! Where myacardial infarction was 8 ociated with casdhac
aneury m they found that od per cent of thewr 102 patients had ven
trurular mural throrbo 1s In a contro group of 410 pauents with myo
tardial mfarction without cardiac anenrysm ventnieulay mural throm
bo 1 was present sn only 2 per cemt They did not wudy the relation

of conge tive failure but among the 5o with mural thyombn they ot
<erved embohe phenomens 1n 35 (61 per cent?

The smportant chmcal inferences are obvious The danger of systetue
artetial emboly m 1n rheumatic hes t d sea ¢ 55 as great befare ay alter
the advent of congedtnie fajlure The adient of congestive faiure
creases pred Uy the danger of peripheral venovs 1hromboss and
of pulmonary embobses The ymportant prognostic ndexes of potential
s temsc arterial embolism are mitral stenosws and auncuiar ﬁblx]ﬂ]:hon

In artersosclerotic heart Qi e
ae however cangeane heqry fa,
mtely nereases the wierdence of Toft ventry e &

seular mural thrombons and
)s 2

con equently the danger of systemye artenial emboli m The presence
o avnedar fibrillayon actually has o progaostic value s:‘ far a¢
&
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it reflects the presence of more left ventricular mural thrombt than
normal rhythm, save that frequently 1t 15 associated with congestne
failure—a defimite thrombotic factor

SUMMARY

1 Left auricular thrombosic and systemic arterial embolism 1n rheu
matic heart disease can be correlated with both mtral stenosis and
aurzcular fibrillation

2 Aurnicular fibnillation 1s the most helpful correlate It 15 easih
recogmized and 1dentifies 80 per cent of the pabients who will hae
systemuc arlerial embolt

3 Left suricular thromb: in rheumatic heart disease 1n mot
stances, are unrelated to congestive failure (right heart farlure)

4 The risk of death from systemic arterial embolism i any person
swith rheumatic heart disease depends on the chance of an exs ting left
auricular thrombus and the chance of systemie artenal embohsm The e

h can be d by a posite evaluation of three factor
the heart rhythm the type of mitral valvular lesion and the presious
occurrence of embohsm (TABLE 12)

5 Left ventricular mural thrombosis almost 1mariably occurs
nonrheumatic heart disease and over 90 per cent of the instances occur
n association with coronary arterial disea e or hypertensne cardio-
vascular disease Left ventricular mural thrombosis can be correlated
with the character of the endocardial leston (sts age size and location)
Aurscylar fibrillation cannot be correlated with the formation of clots
1n the left ventricular chamber m arferio clerotic heart disease Con
gestinve heart fmlure, of hitle correlative sigmficance for left aunculir
mural clots 1n rheumatic heart discase 1s defimtely correlated with
the formation of mural clots m the left ventricle 1 arteriosclerolic
heart disea<e




4  Pathogenesis of Vascular
Thrombosis

ALTHOLGH FOUR FIFTHS of the lefs auncular theombt 10 rheumatic
heart disease are found in patients with both maatral steno 15 and aunc
ular fbnil the precse patt connection between these
findings 15 unknown About hall of those with sheumatic heart dicease
and aunicular Sbtiltanon have left auneuler thrombosas—why we do
ot know not @0 we know why the other half do not form thrombt
e know mush mote sbout when and whete thrombosis oceurs than
we do thout why and how 1t ccones The precise mechan m of Hlood
Jotting even m & test tebe where wteracting components mav be
assernbled 1 a fairly constant relation Tup 15 not known and the can
f on over such & tatic system 13 multiphed mamiold when one at

tempts to understand the intravascular clotting of blood 1 2 dynanue
syslem

For « relatively mmple clhmeal concept of thrombo »  the under
lymag factors may be reduced to the hi torical triad of Senac and
Virchow ' = the thromboue timulus of demaged endathehum the
coagulability of the blood and the degree and duration of stagnation
1 blood Bow Regardle s of the approach to the problems of throm
bows says Jaques! the evidence mut clanify the mechan: ms by
which these three po 1ulated factors operate

THROMBOTIC STIMULUS OF DAMAGED ENDOTHELIUM
Climcal thrombosss oceurs at a site of endothelial Qamage damaged
exther by 1nfl; or ath 2] i

grueration ot secondanly
as a re ult of stasis of blood flow 9 In artenal thramba 1 endothelial
damage 15 wewally obvious and 1s dne exther 10 atherasclerotic Toughen
tag or to mflammatory changes In the presence of mtimal reughetny

15 of Hood flow then wncreases the hkebhood of thrombo 1 Thy
(hrombo 15 an the cerebral coronary mesenteric and extrematal arteries
oceurs typically at an atherosclerotic site
due to conge-tive fadlure Indeed
without endence of

and more frequently i stasw
15 rare to find artenal thrombo 1s

el
damage O Wy Rars
a

n
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ner 3% says the amount of arternl damage ‘may be <o <hght as not
to be demonstrable morphologucally

The likelthood of thrombosss bears a relation to the type of endo
thehal lesion Among the diseases molving arterses thrombosis occurs
readily 1 thromboangnns obliterans and thrombotic thrombocy topemc
purpura, less <o 1n the arterttis of systemic lupus erythemato u= poly
arteriis and <cleroderma and only rarely m rheumatic arterttic 3 "%
In atherosclerohic rougheming of the intima the tendency varies There
15 @ selectivity of site not always casy to explaw Platelet thrombi—
the socalled aortic oysters “—may adhere to a plaque m the ab
dominal aorta even though the stream 15 relatively fast Comversely
although John~on and Baggenstoss * ® found evidence of arteriocleros
commonly 1n the mesenteric arteries 1t was seldom accompanied there
by thrombosis except n cardiac failure

STASIS OF FLOW

The tendency to propagation of a thrombus sfter 1t has occluded the
Iumen of an artery varies with the type of artery and the type of flow
The tendency of a coronary artery thrombus to propaate 15 not a
great as m other vessels In a necropsy study of 327 hearts with
myocardial nfarction Miller Jordan Parker and Edwards!™ found
very few thromin more than a centimeter long Linton 5% however
found rapd and extensive di tal proy ton of an emboll lud
an artery of the extrenuty mvolving even the small tributarres of the
peripheral arteries and stated ‘A thrombus may form distal to an
embolus as early as nine hours after the occurrence of the embolt m
By then 1t may be <o extensie as to prevent the return of the circu
lation to the extremity

Venous thromb arise 1n many mstances where there 1s tasts without
any perceptible underlying endothelial damage—for example m vale
pockets of peripheral vens as shown by Paterson and MecLachiin ™
who found no lestons even microscopreally As m arterial thrombo 1s
the selection of <ites 1s inexplicable although stass mn certmn venous
systems mereases the hkelihood of thrombosis—e g conge tive failure
n penipheral cerebral and prostatic veins In other systems despite
stasts thrombosis occurs rarely In the Iiver although the central blood
flow may be rapid congestive farlure causes pa sne engorgement of
the blood 1n the sinuces and n the mesenteric venous radicles and
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ineres es portal pre <ure  nevertheless, sntrahepatic thrombo 15 3¢
rare under the e conditions and mesentenc yenous thrombost  1n con
traditinction to mesenterse arteral thromboss cannot Ye correlated
with congesuive fminre as ested from Johncon and Baggen to 47 In
only 9 of 99 cases of mesenteric yenous thrombosis collected from the
necrops files of the Mayo Clinse from 1911 10 1015 was cardac decom
pensation con 1dered a factor In niew of the large number of deaths
{tom congestive fatlure the ranty of thrombo 15 1n the pertal sy tem
apparently excludes tasis as a sigmficant thrombotie factor this
area Prolonged ta 15 Wkew ¢ has hntle thrombotic effect m varices of
the e vems wnvancocele and mn the Jeg veins of paraplegic patients
Normal blood undaubtedly has all the components nece sary for intra
1a cular fibrin coagulation but the normal thrombopla ic actiity 1
not ufficiently concentrated to mmtiate coagulation  nce 1t must interact
with the blood for a vertam pemod Mexander believes that clatimg
accurs contmuou 1y a3 a normal physiologr process withun the cirevla
tion Thromboplastic actinity 15 themo t pecific term yow pos 1ble for
an intrycate and poorly understoad mechani m Trauma olnzou kv ean
test (he whima of a ves ¢l and hberate extrava cular e ue thrombo
pla tin into the lumen The meck of platelet agg) {u 1on
and nteraction of « plaselet factor with a pla ma factor to mmate
thrombopla tie activily 23 well known The potential sites of thrombo 15
presumably are those aregs where thrombopla tic actwits can Je gene
rated i ufficient concentration—areas of endothelial damage or tast

where there 15 also sufficient time for teraction of thrombotic com
‘Poments to form fibrin

COAGULABILITY
How does thrambo 15 occur? A climcian hould prabsbly not attempt
fo ay much abour 2 Owren ™ states that increa ed coagulability .
probably refated more clo ely to thrombopls e activity than to )an)
other component lacreased  tiekiness of platelets 1ncreaced !
of plutelets and 1mcreased of &
factor have been ugge

ted as accounting for th .
e ncreased aney
of thrombo 35 1 eextam pathologic and physyol d n?m”

N 4
. h;]on;lonuna!e scht m has exmsted lor years between those interasted
od cosgulation and the » intere ted m thrombosis Robb Seuth ™+

number
A
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complans * If one looks i any of the standard worhs on haematology
written during the last sixty jears there 1s scarcely any menton
of the mechamsm of thrombosis although there will be much discussion
of bleod coagulation

There 1s no agreement even regardimg clotting in s1tro Link ¢ re
gretted “the bloody polemic between experts over the estimation of
prothrombin Although the disagreements 1 the field of blood clotting
perhaps are now less sanguimnary, the “coagulatiomsts,” as he tern <
them, are stll divided The scheme of blood coagulation as worked
out up to the present 13 illustrated well by Alexander * The itricate
laboratory tests for measuring the various components are avatlable
m Tocantins ¥ hook

Any accurate prediction for thrombows, then, must be baed on
knowledge of the relative values of the three factors diccussed aboe
The clinician knows which diseases are likely to cause thromboss and
~—equally smportant—he knows the arcas 1 which thrombosss 1s hhel)
to occur, but as yet he has no reliable way to 1dentify the patrent in
whom 1t will occur Blood whether normal or abnormal doe~ not clot
at every area of damage and stasis there scems to be a thre hold value
that permits thrombosis at one site but not another It 15 mpos ible to
measure erther the indrvidual or the composite values of the thrombotic
and antithrombotic factors at a gnen site, but frequently thrambosis
can be correlated with a Jocal predominance of ope factor over another
In one person the character and extent of the vascular damage may
outweigh the factors of blood flow and coa,ulaluhty although of
course 1t 13 impossible to measure the character and extent of vascular
damage n every sie of potential thrombo«is In another person stas
raay be the preciputating factor but this likews ¢ cannot be measured
1n a localized area

Laboratory Tests

There for deration the ¢ labiity of the blood All
tests for this factor face a common objection The tested blood 1« a
faced sample not a representative aliquot part of the blood The values
of some thrombolic compenents prothrombin and its acec ory and
converston factors are conudered to be the same throughont the blood
whether arterial or venous, but the crucial value—the rate of thrombo
plasuc production at the site of endothchal damage—cannot be meas
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ared from @ sample of peripheral Blood To preduct thrombous 1t would
fe neces.ary to hnow the wmherent thromboplastic potency of the aite
the tume required for fhus degree of thrombopla tic potency to interact
vty the availatle prothrombun 3o form fbnn and whether the rate of
flow at that particular porpt will permut the necessary duration of wter
sctton Predictron te ts defermsne the clotting time under a number of
condition bt none of thete conditions e 13 1n yivo There are many
aital di erepancies as well ss wmfanties *

The eustence at hmes of 2 bypercoagulable wate which imtutes
dlotting st preds posed vascular sutes 15 chmically accepted but not well
understood Tests now avatlable more often than not fail to deteet any
alterstions 1 congolabality Trrespecine of the degree of ncreased
coagulabiity however clotting does not occur on smooth undamaged
endothehum 1 a swiftly movin, stream Thrombous occurs onlv at
cettain prede poced sites

Inerea ed blood coagulability as a precipuating factor 1 thrombo 1+
1s probably of no greater wmpontance than merea ed values for the
other tno thromb factor Thrombows occurs f; 1y with nor
mally coagulable blood where the precypitating snfluence has been an

inerease 1 the degree of endothehal damage or an merease 1 the
degree of tauis

Witk all these factors werghed ut appenrs that the predisposition of
the area to thrombosis 1s more smpartant than the predisgositian of the
blood The prabability of thromboss cannot be predscted by blood te t«
o thete «eemns hitle justification for their routine u e Statyneal datz
furmi h more accurate predictions Farmer and Southwick ™ and athers.
have formulated schemes ba ed on ehacal correlations for predicting
8 patient s tendency to postoperaine venous thrombosts

SUMMARY
Potentiall
[}

y throrsbosts may occur at sny site of ether primary 1n
and d of vaseular endothed

or d
changes {ollowing staw Specifically 1t occurs when the bload llm:
serouts sullesent time for the anteraction of thromboplastin and the
L N S Rei
. n s2d U you anfer tand som thing
T o819t and e vme Yter 1 thuk u was ] B § };'(n;{dm o
you make 3 mod 1 of omething you und r tand the mo ieil:‘ o




52 SYSTEMIC ARTERIAL EMBOLISM

other thrombotic components Since this interaction hme m sne 1
virtually impossible to measure n witro predictions based on chimcal
statistical evidence are more accurate than tho e baed on an) blond
tests now avadable Hypercoagulable blood occurs, but cannot ordi
nanly be detected An unpredictable mncrease 1n any one of the three
thrombotic factor: dothehal damage stasts or tability—may
mmitrate thrombosis




5 Pathogenesws of Cardiac Mural
Thrombosts

LEFT AURICULAR THRQMBOSIS IN RHEUMATIC
HEART DISEASE

AURICULAR FIBRILLATION 1n theumatic heart disease 18 as.otuated with
an mereased madence of left auricular throwbosic Wrespective of the
type of mitral valve lesion

The medence of left aurseatar thromboss 15 hghtly bagher an pure
tmstral regurgitahion higher titf teno 13 plus regurgitation 15 precent
and very hnch m pure witral teno s It 13 not the lesion however
but auricular fibriflation which 1 the primary correlate Nearls 8ll Jeft
aurionfar thromby otcur n predomunant mitral tenows but the highest
cortelatian occurs 1m those with pure mutral stenosis who bave auricular
fbrflation It follow  then that the mecham m of fibnllation mu t
muolve 27 tnerease of ane or more of the three escential factors m
thrombo s—aurieatar endothelal damage werea ed coagulability of
the Blaod and retardation of blood Row n the guncle What s the
deerence betwecn palients with aurwular Gbollation snd the ¢ with
sormal shythm w rezard to these {attors and why 13 ths difference o
g b greater wn pute mutral tenosis?

ir G (et sunicular endothehal damage more frequent i auncsiar
fbridlstion? Patholog 1s accept the presence both of Aschofl's bodies
and of cenvan other charavten te nflammatory changes as evidence
>t thewnabr snflammation There 13 no evidence that etther ol these
Te wns s more frequent m the fibniflating Ieft auncle than 1 the
suncle with normal rnythm

A chafls bodies ndicatne though they are of sheumatic inflamma
Yon are actually racer m patients with thromb % * 6
‘a"::‘:n:i‘mmx‘oi A‘:‘:oﬂ;;z):dles 1;1 c;n picuous in auncular §bnl
St withom e [md‘};g ‘“159“1! schofl’s bodies are youngur

1 appears that the acote rheumati fe 1on 10 exther the blood + esce}
v\r‘\he heart has lttle thrombotic pofentiality Von Glahn + has \‘:‘:n
thot there 1s Yutle tendency for thrombous 1 acute rheumatic arterstis

-~
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5 Pathogeness of Cardrac Mural
Thrombosts

LEET AURIGULAR THROMBOSIS IN RHEUMATIC
HEARY DISEASE

ALRICOLAR FIBRICTATION 1n theumatic heart diea ¢ 1 @ otiated with
an weceased madénce of feft auticular thombo 1 irsespective of the
pe ol mutral vahe le 1on

The wodenge of elt auneutar theombosss 8 bghtly bagher 1 pure
el regurgnation ngher <l »f steno 1o Plus regurgitaon 1s preser.
#nd rery hugh tn pure mitral steno a7 1t 13 mot the Jesson however
but austeular Shriflation which 18 the prmary correlate. heardy alt Itz
ursular thromby occur 1n predomynant miteal tenosy bt the hisher
correfation aeeuts n those with pure mtval tene 1s who hare suseslee
fibniffation {t follows then that the mechamsm of fibnllation mu
imvolve an mnerear of one of more of the three ewentr) fartrs o
{rompo 1s—agnicular endothelial damage increa ed coagulability £
the Mood and retardation of blood flaw 1 the auncle What s the
diference between patients with aunculsr Sbnllation amd thwe w &
7o mal riytho i regard 1o the € factor  2nd why 2 thiy & Bereree
much greater i pure mtral tenosis?

Furst 18 feft aurscular endathehial damage more Irequent 1 an wole
Sbrillation” Patholog: ts accept the presence beth of Ashe &y | Fm
:;ndr }:{u;:‘:m ;xher tharactershie weflatntnatory char~es as eade on
e s Tt to ol e i o a0
aurse nath et th o whatng (o aurele than o e
h:‘ E::rt:ﬂ' ; :;i%m wilicatwe though they are of rbrgmare ; gy

y Tarer an patients wak thepmb® 3 4 o

The came rants of A 1hoffs &

a9 18 AV e

i3 13 €0p pien me gy 2 iy
than thow withous ths find:

PR0Ents with Vb €3 e -
mgﬂ»\ i o
1t appears hat the
acNte Yheuatie fragen
m o
7; the Bieark has Wtle Yhrombote ge tertial2; 4 - : :L "«\ e
that there 1 tutle tendeney for thremt o e
" I e g ;g
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#as 1 a 38 year old man with mutral stenosis and regurgstation and
auricular fibrillatton—its volume wa~ 3200 cc *?

In mutial stenosis normal rhythm i~ a <ociated with an ncrea ed
ventricular fillin, gradient mantfested during nddle and late dia tole
Catheter studies of left auricular pres ure in mtral ctenosis i wormal
rhythm <how 1 giant *2 wave that pre umably reflects an mcrea od
auricular <ystole and pre umably accounts for the mcreaced ventricular
filling gradient ' How much quantititine contriction thi graphic
record reflects and how much of a factor 2t 15 m dimim hing tr s
the greatly dilated left auricle 1 speculatne As a matter of fact there
15 only a shghtly mereased degree of left auricular dilatation and pre
sumably stasis in auricular fibrillation

In a <tudy of a group with pure mutral steno 1 Lews et al!  found
no greater proportion of lrge left auricles as graded by fluorocopt
exammation m those with auricular fibrillation than m tho e with
normal rhythm There 1 evidence, however, obtamed st cardiotomy
and by agiocardiography that auricular dilatation 1s <hghtly greater
m auricular fibnillatton Wood ” 2 ob erved a syymficant difference at
cardiotoms In 150 cases of mitral stenosis the avcrage enlargenent
with normal rhythm was 1 45 and with auricular fibrillation 176

Soloff Zutuchni Stanffer and helly  measuring the solume of the
left aurcle by angiocardiographie technics found the normal to be 100
cc As calculated from their ob ervations the volume 1n pure leno Is
with normal rhythm was 425 cc 1 auricular fibrillation 53 cc Thi
four to fivefold increase would be reflected 1n a greater re 1dual volunie
and consequently greater stasic particularly m auricular fibnllaton
nevertheles~ the increase 1 degree of stass would hardly <eem to be
1s important as the long duranon of sta 1 which fibrillanen igifie
The patients with auncular fibnllation had an average age of H
tho ¢ with yormal rhythm 34

Significance of Auricular Fibrillation

The chief chnical features in auricular fibrillation are the greater
aye of the pitient and therefore m mo t cases the greater duratton of
the di eace The average age according to Lewisctal ¥ 1s even verr
grenter m fibriliaion DeGrafl and Ling,, ™ found the average dura
tion of hife after the on ct of rheumntic heart di 1 ¢ was 18 vears for
patients wath fibnllation as agun t 15 for tho ¢ with normal rhythm
The preater age at death of patients with auricular fibnllahon indicate
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(hat the arrhythnua deselops Tater 3o the cout & of theumatic heant
¢ f\‘:;rmrmcla\ et al™ tate Wy wot auneular fibmilation but the
concurreat tagration Wt tewds Goward thrombe v The mmportnce
of fibriffaton 3 0 sdentlyng 2 protenged duration of rheuatt
heatt & cace W oeeus ae frequenth matral teno s with regurgsta
tona i pure mitraf steno s and even more fzequently 10 pute TERUrED

Taste 13- Relaton of b aryng Thrombotie Factars m Rheumatee Veral
Disease to Lejt Aurcular Thrombosis

S l' Incidence

| Dugree € 1 Duratin lelt
 erdathelal Coagulability of 12 aunralat

fern tamage of blood Shert Peolengel ] thrembe »

el A U BUSEANS

Wteal L 1 + 0 \tmimal

regur ation !

N rmal chythm § 3

Wm0 Ty T AT TR e

ten 1 ' |

\ ot st 1 “

i S

Heno Amoer fildera el | |

Aunr udar i)

Redlatt o

. R )

ta ot Cownidontally 2t marks a prolonged daratien of any of the ¢
cenditns The it 1denbifies pure mitral teno 13 a3 prolonged lelt
agrwdfar tagnatisn tenowy with menmal regurgitation as prno]un ed
hot widerate <tagnation and pore regurgiation os prolonged l;:ux
el taznation It affects per e the avtoad mecham m of throm

boaoonh hightls dut does n
m particular marh th
the greate ¢ ikelihood of thrombe IW o the ¢ patiente v

)"l\\\ the vme auncular fibriltation appears i mural lensera 5t
m \lh::lsu F‘:(;Iunge: b;)u the patrent 15 oldder {enagulability greater)
ehum has bheen <ul jected ta the d: g
loned tam Ah thr o ety

ee thrombotie factots are coimnrid
waxsvum The correlalion betw o atly 1 the
een auncatar thrombs
Pl omb and aune
aillstion therefore predommantly measures & stati tcal n(hcr: l”hS:n
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a causative as~ociation The arrhythmn contributes httle to the thre
thrombotic factors—stasis, coagulability, or endothelial damage—but
1t accurately 1ndicates that these factors re at a mromum (TyLF 13)
Prolonged rheumatic heart disease frequently gries mee to auncular
fibrillation and prolonged left auricular stass frequently gives e to
left aurscular thrombosis When the e tho car une conditions occur
together a high proportion of the patients have both auricular fibnilla
tion and left turicular thrombosis two ndependent effects 1 g to
gether from 1 common ongin hut a ociated <o frequentls that auric
ular fibnillation 15 an important index of Icft auncular thrombo 1 1
the patient with pure mutral stenosis

LEFT VENTRICULAR (MURAL) THROMBOSIS

In myocardial nfarction, only one of the threc thrombolic factors
1s presumably the <ame as 1n rheumatic heart disea e—the coagulability
of the blood which as in rhenmatic heart di erse probably vane
only accordng to the patients age The <econd factor the thrombatic

dency of the damaged endothel 1s much lugher 1 myocardial
mfarction The readiness with which thrombosis oceurs ean be belter
appreciated when 1t 1s remembered that although the ventricle 1s actively
contracting and the aortic salve opertting freely the clot forms within
a few days after artenal occlusion, and at times even when prothrominn
activaty has been reduced to 30 per cent of normal Although the ven
tricalar wall does not contract strongly m the immediate area of the
mfarction this localized nactnaty with the remamng heart mu cle
actnely contracting <hould have only a munor effect on the movement
of blood over that area

1f this strong thrombouc tendency can e t without significant <ta 12
1t <hould be greatly enhinced when stasis 1« obvious Conge tive heart
fatlure which i u uilly a <ocrated with left ventricular enlargement
mereased restdual volume and resulting tasts 1s found mn twice s
many ca es of myocardial infarction with as without ventricular duts
The higher meidence of mural thrombr m wfarcts of the anterior wall
1s attributed by Jordan et al ¥ to the probably greater ta s at the
apex 1n the pre ence of a large mmfarct especially in conge tne farlure

Since this precess can occur withmn a few davs after mfarction 1n
patients who are net shock and who hve no enlargement or dilata
tion of the heart and hittle evidence of stasis thrombosi 1e be t e
counted for by an intense thrombotie tendency m the damaged endo




PATHOGENESIS OF CARDIAC MURAL THROMEOSIS 59

cardium The mote scute thiy damage, the preater the tendency A
Jordan et al®® demon trated the wmerdence of thrombi s Tess m
healed nfarctions

Whe Jeft ventnicular thrombosis <hould have no apparent correlation
with auricular fbrllation 2lthough 1t 1s 50 strongly & sorialed wath
congestne heart farture 1 which the arrhvthmia {requently occurs, 18
ot readilv ecplawned Probably the relationship would appear 1 a
larger serres

SUMMARY
Although suricular fibrilation appears to be the closest correlate of
teft auncalar thrombosis w rheumatic heart di ease st does not seem

Taste }~D flerences wn the Mechaatsm of Formation of Mural Clots in
the Left duricle and m che Left | entricle

Left zuriele Left ventricle
Enlogy Rheumqtic heart disen e

Nontheumatic beart disease

Character of stasss | Prolon ed stasis needed Only short period of 13 49
ded
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T e e
Mechanism of stasts | Manly obstructed outlet Nanob tructed-congestine
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aflter myocardia) nfarchion)

——— ]
fesion imwall Notobvious Gften Usually obvious Recent or
ero copic Noclots with

old mfarction Recent large
lesions farm more elots than
old smalf Ie 10ns

acute Jestons

— ————
Chamber Usually dilated noncon Dilatstion not necessgry—

tracting wall chamber has contracting

L wall

Teonelanen | Fomm i e
(.lhmtal correlation | Aunicular fibrillation Auncular fibrillation not 5
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—_— ] o
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2 correlate correlute "

Type of clot Fr
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attacked s appendage or | thromby ovell Dobal
farger—ay 2 ball
thromby

— e




60 SYSTEMIC ARTERIAL EMBOLISM

to contribute to any of the necessary factors for thrombosi—auncular
endothehal damage, greater coagulability of the blood or (except in a
shight degree) retardation of blood flow It 1s a reflection of the pro
longed duration and not the degree of stasis Occurring 1n older pa
tients with older heart disease and with prolonged stasic 1t indicates
the greatest probability and highest degree of stass, coagulability, and
endothehal damage

Although these same factors are present in arteriosclerotic heart
disease they arise from an entirely different set of causes The character
of the endothelial lesions 1+ of dominant importance Blood coagulability
may be normal for the patients age and <ex and stasis {conge ve
heart fmilure) 3s 1mportant chiefly 1n thrombosis associated with healed
mfarcts

The differences 1n the mechanism of formation of clots n the left
auricle and left ventricle are summarized 1 TABLE 14



6  Pathogenests of Systemic Arleral
Embolism wn Heart Disease

MORILIZATION OF CARDIAC MURAL THROMEL

Tae FoRces that tend to expel thromba from the hrart chambers ate
¢ <entially the came ones that normally tend 1o present thewr formation
Centamn humoral factors probably fibrmolytic concenably may alter
the chatarter of thrombn or po =bly Jesen their cone: tency but
mechameal forces sewm to he more wmportant an aetne blood flow
plus the contractions of the chamber wafl

In the normal beart the force of pethaps pnmary wmportance < an
actve blood flow Awy woton 1n a hquid 1< tran matted to all its parts
e kerping \hem an motion 1n relation to each other and ta the <ahid
matenal containng them In fimd mechamics this s termed  <hesting
tress and mereases with the veloay of the flon ® Conver ely, sny
lackening 1 flow reduces the hearmg tress A retarded blood flow
increases the tendency both to form thrombr and to retain them at a
favorable site The chamber wall may contract actisels or luggshly
or be dilated and relatively anert <o that n the left auncle dunng
witral steno s with gurscatar fibnilanon the wall may as Soderstrom
mphe * be a5 defenceless agamnst thrombotic deposts as a hor ¢
hould be aganst Mres without b1 cutaneous muscles  The left ven
tricle may contract weakly as a whole or there may be localized ares
of weakened contraction or actual 1o s of contractton 88 1p aneurysmal
dilatation

Expul 10n of throbs from a cardine chamber 15 affected by a thrd
wechaniesl factor—ihe selation of the 128 of the thrombus 1o the suze
of the onifice through which 2 mu t pac 1f a thrombus larger than the
wifice of egress 15 lop ened 1 may berome lodged in the opening

ethey m mentandy 1eausing syncopel or longer {catt ing death) The

onfice of egress of the left vintricke snfrequently 1s natrowed (aortic

tenosis 18 anirequently associated with left ventricular wfarction) hut

one of the man correlates with formatian of feft auncular thromb 1s

& narrowing of the rutral onfice the bali thrombs of the heart ave

predommantly sn the left auricle There are of couree many dufferences
4
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m the mterplay of factors an the mobilization of thromb: from the
left auricle and the left ventricle

MOBILIZATION OF THROMBI FROM THE LEFT AURICLE

The factors affecting mobilization 1n the left auricle, i addiion to
flow, are the contraction of the body and appendage and a po «ible di
tortion of the auricular wall comeiding with sentoicular systole and
diastole  Normally, these forces are strong and effective, but i the
rheumatic heart with thromby they are obsioucly meffective at Jea t m
preventing thrombosis

During the half second of ventricular diactole a normally patulous
mutral valve allons a <omewhat varying rate of inflow—rapid both m
the early part of dastole and 1n the final one tenth sccond—during
which both the auricular appendage and the body contract however
1n the mtersening diastass the flow 1s hardly greater than the return
of pulmonary venous blood to the heart This unevenness m flow
exerts an mternnttent shearing stress on the wall of the left auricle and
normally tends (presumably) to prevent the attachment of phtelets t»
even a favorable endothelial <urface There 1s poswibly a pull on th
auricular wall with ventricular systole and the suction effect of ven
tricular diastole These are merely presumptie w man Prinzmetal
ct al 1% have demonstrated a distorting effect of ventrscular systole at
times m the heart of a dog an action not yet observed i man The
movement of the auriculoventricular valve toward the apex with < tole
may induce an auncular pull 8 A diastolic suction effect h1s been
demonstrated 1n the heart of the dog and turtle 35 4* A dia tolic suction
effect 1f present 1n man no doubt differs in nature and degree m normal
rhythm and auncular fibrillation

Effect of Rheumatic Mitral Stenosis

In rheumatic mitral stenosis with auricular fibriflation—the condttion
m which four fifths of left auricular thromb: are found—all the ants
thrombotic forces are les ened First the dilated aurcle accommodates
a large <tagnant residual pool which even with a normal svalve would
be esacuated only slowly Second the flow through the mtral salve 1
not the normal pul atile flow with varymg rate—it remamns even and
steady throughout ventricular diastole with le s tendency to produce 2
hearing <tress on the blood Third the aurcle 1t elf if mert through
distention 1s unable to expel the stagnant blood through effective con



PATHOGENESIS OF SYSTEMIC ARTERIAL EMBQUSM 4

traction (At eardotomy the auricle appears motionle  } F‘;’”“‘ ﬁn";
pee umed distorting action of sentrientar systole mght have less ¢ ec‘
"n a dilated and & tended auncle that 3 ubject 1o greatly wcreased
iteenal pre sure In pure mutral stenost as ob enved at cpvmho:
there 1 no w1 1ble distorting motion of erther the aundle o1 sts appen
age onventmienlar sy tole or Aizstsle

11 Jelt auncular thrombn form they bave done <o Wroneh the lo <
ot reduction of the mechanical Sorce< 3has normally prevent their {orme
von 3 these thombr evestually are mobilized obviou ly it wu t be
by a0 mesease w thoswe <avae factats whach have failed to prevent thewr
formation Thete must be ewther (1) 2 change 1 the character of bload
flow tending ta meres ¢ the hearing effect on the thrombi m th
suricle and to move loo  thrombt from the appendage ito the actie
current {2V a return of contractiity to the auriele or the nert append
age or {3} an increase mn the distorting effect of ventncular v tole
and dra tale upon the aunicle

Dislodgement of & thrombus depend to <ome extent on the tenacty
of s altgchatent to the wall which apparenlly variey with the age of
the thrombus Soder trom ? found that the clots 1n the body of the
left asricle were veunlly large flat formations broadly and firmly
attached to the endocerdiums He con sdered these urfae thromin
as he termed them evidence of sa old chronic throwfolie tate e
neser encountered 2 reccnt thrombus w the bedy of the left sunicle
Such tough fibrous thrombi ere often observed at mrteal valuople ty
Quite different are the red smooth and round thromin characten
cafls found in the suricutar appendage They are of recent formatian
and frequentl wnattached and 1f so the ondy factor presenting molnl
zation ts ta s

The greate t danger of emboliem 1s from these red and recenly
furmed 1eit auncular thrombt Belcher and Somerville ™ found that

embals glmo t always consi 1 of & red thrombus which has become
<;\ Ddged before orgamyzation has had fime to tart Ruzman Gnffith

anes and Yeyer ¢ found top thay fre<h thrombis and not o33
organized. clots ate the owrce of embol 1t the sed and recentdy
formed thrambus 13 not discharged early nto the artenal cirealat
hecomes att ched and fbsotse aten

bt:'he erucsal Gme determiamng whesher a clot Temains a thrombuys oy
anes an embolus therefore 13 hostly after s formation when it
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m the interplay of factors mn the mobilization of thrombt from the
left wuricle and the left ventricle

MOBILIZATION OF THROMBI FROM THE LEFT AURICLE

The factors affecting mobilization 1n the Ieft auricle, n addition 1o
flow, are the contraction of the body and appendage and a po sible dt
tortion of the auricular wall, comciding with ventricular systole and
diastole Normally, these forces are strong and effectne but m the
thenmatic heart with thrombn they are obviously meffectiie at least in
preventing thrombosi«

Durm,, the half second of ventricular dinstole, 2 normally patulous
mutral valve allows a somewhat varymng rate of inflos—rapsd both
the early part of diastole and 1n the final one tenth second—durng
which both the auricular appendage and the body contract however,
i the mmtervemng diastasis the flow 1s hardly greater than the return
of pulmonary venous blood to the heart This unevenness m flow
exerls an mtermittent shearing stress on the wall of the left auricle and
normally tends (presumably) to prevent the attachment of platelets to
eren a favorable endothelal surface There 15 possibly a pull on the
auricular wall with ventricular systole and the suction effect of ven
tricular diastole These are merely presumptne m man Prinzmets]
et al 1% have demonstrated a distorting effect of ventricular sy<tole at
times m the heart of a dog an action not yet observed in man The
movement of the auriculoventncular valve toward the apex with sy tole
may induce an auncular pull ™ A duastolic suction effect has been
demonstrated 1n the heart of the dog and turtle 3 *** A diastolic suction
effect 1f present 1 man no doubt differs i nature and degree in normal
thythm and aurcular fibrillakon

Effect of Rheumahic Mitral Stenosis
In rheumatic mutral stenois with auricular fibrillation—the condition
m which four fifths of left auricular thromby are found—all the anti
thrombotic forces are lessened First the dilated auricle accommodate
a large stagnnt resdual pool which even with a normal vale w ould
be evacuated only <lowly Sccond the flow through the mutral sale 1s
not the normal pulsatile flow with varying rate—:t remans even and
steady throughout ventricular drastole with Ie s tendency to produce
hearmng stress on the blood Third the auricle atself if inert through
distention 15 unable to expel the stagnant blood through effective con
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srachon (At cardictomy the auncle appears motionless ) Fousth II“‘L;
presumed dy torting action of sentncular y tole might have Jess e ")
wn a dilated and d1 tended auncle that 3 ubject 1o greatly mnerea o
internal pre eure. In pure mtral teno 10 as obseried at operation
there t o visible & torting matton of exther the autele of s append
a,e on ventreular syetole ov dsastole

1t bkt auncotar thromb form they have done o through the fo
ar reduction of the mechanical forces that normally prevent theit forma
ton 1t these thrombr exentually are mobilized cbviou st mut be
by an mctesse m tho ¢ ame factors which have {aled to prevent thew
forration There mw & be exther (1) 8 change n the tharacter of blood
flow tending to merease the heanmn,, effect on the thrombr i the
auncle and ta move loo e thromby from the appendage into the actne
current 12} a return of contractihity to the auncle or the wert append
age or §3) an mereawe 1 the i torung effiect of ventnewlar stole
and dia tole upon the auriele

Dislodgerent of & thrombus depend to some extent on the tenacity
of its attachment to the wall whick apparently vares with the age of
the thrombus Soder trom 3 found fhat the clots 1n the body of the
left auncle were » ually arge flat formation  broadhy and firmhy
attached 1o the endocardium He conudered these sutface thromby
a3 he termed them evidence of au ald chromc thrombatic <tate e
never encountered a recent thrombus 1 the body of the Jeft auricle
Such touh fibrous thrombt are often ob erved at mtral vabopla 4
Qute diffeyent are the red  mooth and round thrombt characten (1
cally found 1 the aurt wlar appendage They are of recent formation
and frequently unattacted and 1f <0 tbe only factor preventing mabsl
1zation ts sta 1

The greste t danger of embolim 1 from theee red and recently
formed Yelt apneular thrombs Belcher and Somerville found that

ermboli almoct always conss t of 2 red thrombus which has become

1 lodged before orgunization has had time ta et honman Gnffity
Lones and Mever 8 found 100 that

fresh thromb1 and nat ol1

:rgnmz?ﬂ ot are the ource of embok  If the red and recently
ormed thrombus is ot dicharged eatly sato the artera) errculatio

1tbecomen attacked and bt "

b::e cructal ttme determining whether a clot Temams & thrombus or

mes an embolus therefore 15 hortly after s formstion when
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m the mterplay of factors m the mobilization of thromhi from the
left auricle and the Ieft ventricle

MOBILIZATION OF THROMBI FROM THE LEFT AURICLE

The factors affecting mobilization 1n the lelt 1uricle, 1 addition to
flow, are the contraction of the body and appendage and a po ble &
tortion of the wwuricular wall comeidmg with ventricular svetole and
dastole Normaily, the ¢ forees are strong and effective, but mn the
rheumatic heart with throwmbt they are obviously wmeffectre, at lea t m
preventing thrombosis

During the half sccond of ventmealar dinstole, a normally patulous
mutral valve allows a comewhat varying rate of mflow—raptd both 1n
the early part of dhastole and 1 the final one tenth sccond—during
which both the auriculir appendage and the body contract, howeer
m the imtervening diastrsis the flow 1s hardly greater than the return
of pulmonary venous blood to the heart This unevenncs mn flow
exerts an mtermttent shearing stress on the wall of the left auncle and
normally tends (presumably) to present the attachment of platclets to
even a favorable endothehial surfice There 1s possibly a pull on the
aurtcular wall with ventricular systole and the suction effect of ven
tricular diactole These are merely presumptive in mon  Prmnzmetal
et al % have demonstrated a divtorting effect of ventricular <y tole at
times 1n the heart of a dog, an action not yet obsersed 1p man The
movement of the auriculoventricular valie toward the apex with systote
may nduce an auneular pull ™8 A diastolir suction effect has beun
demonstrated in the heart of the dog and turtle 35 1% A diastohe suction
eflect 3f pre ent 1n man no doubt difers in nature wnd degree in normal
rhythm and auncalar fibnillanon

Effect of Rh tic Mitral 5t

In rheumatic mutral <tenosis with auricalar fibrilation—the conditron
m which four fifths of left auricular thromin are found—all the anti
thrombotic forces are lessened [isst the dilated auricle tccommodates
a large stagnant residual pool wlich even with a normal vahe would
be evacuated only slawly Second the flow through the mitral sahe 1
not the normal puleatile flow with varying rate-~t remams even and
steady throughout sentrscular duastole with less tendency fo produce a
shearmg stress on the blood Third the aunicle its)f 2l mert through
distention, 15 unable to expel the stagnant blood through effectnve con
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(raction (At cardintomy the auncle appears mnlmnI‘e‘»‘) F‘;“':“en‘:’:(
pre uwed du tasting action of sentricufar syctole might "“l" e "
on & dilated and di tended auricle that 1 aubject to greatly ncreases
ternal pre sure Tn pure mitral teno 14 29 ob ersed at ol*""'":;
there 1 10 ¥ tble 3t torting motion of either the auncle et 1ts appen
ageonventricular 3 tole ox dia tole

I 3eft auncular thromby forra they have done o through the lo
or teduction of the mechanteal forces that normally prevent their forma
tion 1 thee thrombs eventuatlly are mobihized obsiou Iv st mu t he
by an ncreasc 1 those ame factors which bave fatled to present their
{ormation There mu t be exther (1) a change 1n the charactet of Blood
flow tending to merease the h anng effect an the thrombi in the
ausicle and {0 mose oo » thrombs {rom the appendage wta the actne
cusrent {2} a return of contrartility to the auricle ot the taert append
ave or {3} an mcrease 1n the & tosting effect of ventrsedar y tole
and dia tole wpon the auncle

D lodgement of & thrombus depends to <ome extent on the tensaity
of s altathment 1o the wall which apparently vanes wath the sge f
the thromby  Soder trom 3 found that the clots wn the body of the
left auncle were 6 ually large flat formations broadfy and firmby
attached 1o the endocardum e voncdered these  utface thromin
as be termed then evidence of an ofd chronic thrombotie tate T
Tever encount sed 2 gecent thrombus in the bidy of the left auncle
Such tough fibrous thrombi are often obeerved at mtral vah opla th
Quite different are ve red  mooth and round thrombs characten b
cally found n the aurcnlar appendage They are of recent formation
and frequently unattached and 1f o fhe na factor preventing, mobil
Zatin s ta

The greatest danger of emboh m 15 from thee red and recentls

Sormed Yeft auncular thromby Belcher and Somerslle ™ found that
erbols almo ¢ alea

s consi t of a red th
& lodwed before or of a r hrombus which has become

Bamzation has had time to tart  Kuzman Graflily
Jone  and Mever 8 found 100 that fresh thramin and not old
reamzed clots are the aurce of embols

T the red and !

formred thrombu »s d recenthy
not discharged early mto the

bec artenial osrn

#becomes attached and fhrote whtion

Tre cry
1momc uetal l:n: etecmining whether a clot remams a thromY us or
s &
n embolus therefore 19 bottly after sts formation when 1t
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will erther become attached, orgamzed and relatvely innocuous, or
become loose and be ejected as an embolus

Apparently as long as the mitral valve 1s of normal width or widened
as 1 mitral regurgitation any munute thrombi that may form are
carried by the force of the blood flow through the patulous valse
Stagnation due to <tenosis not only favors thrombo 15 but allows time
for a clot to increace to a size that makes evacuation through the <mall
onfice mmpossible The contraction of the wall of the cul de<ac (the
appendix) erther dimmishes or ceases and the clots are retaned
Ball valve thromb: rarely form except 1 predonunant mutral <teno t
In regurgitation, 1f larger thrombi do form, the relatnely rapid mose
ment of hlood and the larger onfice <tll favor early expul 1om, the
bidirectional fluctuations occurning during the cardiac cvele more
effectively “mlk” the left auricle than does the relatnely retarded
nonfluctuant unidirectional flow of mitral stenosis and apparently a
hgh proportion of clots are expelled !

Effect of Rhythm

There 1s no evidence that either normal rhythm or e<tabli hed auric
ular fibrillation 1s more Iikely to mobihize left auricular thromhi Among
72 patients with cerebral embolsm and rheumatic mutral steno 1s
Harnis and Levine 1 found nearly four tumes as many patients with
aurtcular fibrillabion as with normal rhythm and Humovier ' found
an even greater madence of fibrillation 1 92 patients with systeme
arterial embolism Nevertheless this preponderance 1s not related to
fibrillation 1teelf It 1s entirely in proportion to the incidence of left
aurtcular thrombi

Certain changes 1n heart thythm however occasionally are a ociated
with discharge of emboli In the change from auncular fibnllation to
normal rhythm the comcidence of comversion and emboli m 1s at times
cvndcnce of a causative correlation The reverse however 1s apparently
as §) ding with either a parexyem of auricular
ﬁbnllahon or the onset of estably hed fibrillaion Among 153 conver
sions of auricular fibnllation to normal rhythm <tudied by Soholow
and Ball " 4 only two had embol: at the ime of conversion but <even
had emboh at the time of a sub equent relap e from normal rhythm to
aurcular fibrillation Embolism occurred durmg paroxysms m five of

13 patients studied by the author 1 Other workers have al o ob ened
4 109 198

ths correlation
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Sullen acceleration of the heart beat irre pective of the mechaniem
generally 13 conndered capable of 4 lodgng ecardiae mural clot
Chacally however there 1s no evidence that smus tachycardia sune
alar flatter or paroxyemal supraventncular tachycardia 13 02 ociited
with any preater frequency of systemic arterial emboli m Emboli m

rarely occurs during auricular Rutter regardless of the type of heart
dicea o 18 155

Effect of Exertion

In mitral teno 1+ althoush exercie mcrea e< pul e rate left aunc
ular pres ure {pulmonary capillary pre sure} and the rate of mutra)
sahe flow bn cc per erand of diastole) the cardiac output 18 onhy
«hightly inereased

There 13 no comncing chnical evidence that effort increa es emboli m
w theumatic heart di eaw Qg the contrary  Sprague and Ve ting
hou e 3 found that of -7 attenal orchu rone (presumably embolic)
oreurzing n 38 patients with rheumatic heart diea o and sunicular
fibnllanen more than 90 Pet cent occurred during orditary daviume
ity and rest ¥yertion preceding embol m they concluded waa
camridenta)

Effect of Digitahs

The tmulation of 4y
mabshzation of left
drug 15 on yentricula

italis mught be expected to contnibute to the
uncular thromby although the cluef effect of the
by r contraction which become Joner and tronger
(}.:,;':h:::r:c;a‘ tudv o thus question 19 0 35 The long accepled
mbol: m n thythm from aw
Bbnllation to norma] of contracion of fhe re 2t

TMOVEmENt fard ¢y by

the body ang the appen, t cardiotomy both

dage of the auniee are tert 1o ordinary visyon
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Without inspecting the movement of the ventricle the thythm of the
auricle cannot be stated Soloff et al 7 failed to obserre by angio
cardiography any appreciable vanation i the size of the left auncle
durmg the cardiac cyele i patients with mitral <tenosis whether the
thythm was normal or that of auricular fibrillation Any alteration ol
aurcular contraction would not seem as significant as the abrupt change
ut the pattern of ventricular contraction Whether this sudden alteration
m ventricular rhythm brings about mobihization of auricular thromb:
15 speculative Concervably 1t might do so by some change n the di

torting effect on the auricle of ventricular systole and dizstole The
nature and degree of the auricular wall pull during systole, and of o
suction eflect during diastole although presumptive actions undoubt
edly vary with the regular and irregular ventricular contractions of
normal rhythm and auricular fibrillation A sudden change 1n rhythm
can as logcally, 1f not more logically, explamn dislodgement of an
auricular thrombus than a change m suricular contraction Final ex
planation must awart further evidence

ARTERIOSCLEROTIC HEART DISEASE

In contrast to the better documented picture of left aurrcular throm
bosis and systemic arteral embolism 1n rheumatic heart disease le s
can be adduced with certainty about arteriosclerotic heart dicea e~
primanily because the diagnosis 1t<elf except 1n cases of myocardial
infarction or angina pectorss, 1s less frequently established with cer
tamnty and secondanily because 1t 1s more difficult to determne whether
a given occlusion 1s thrombotic or embolic

Rheumatic heart disease 1s farrly often mistaken for arterioscleratic
heart dicease and when the two conditions coewst the rheumatic con
ditson 18 even more likely to be overlooked, together with 1its contribu
tion to any embohsm that may occur It rarely happens though that
the arteriosclerotic condition 1s mmstaken for the rheumatic

Most <tudies of systemic arterial embolt m 1n arteriasclerotic heart
diseace merely state the diagnosis without detailing the studies made
to assure that the diagnosis 1s correct and especially to rule out coexist
1ng rheumatic heart disease A typical mstance 1n which an error would
have been made without a careful differential exammnation 1s that re
ported m CHAPTER 7 (case 5) Although the paticnt was 68 years old
rheumatic heart disease was diagnosed because of disproportionate left
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Tarte 15—7 eft Auncular Thrombosis in Acute Myocardial Infarction

Number with left Per cent with Jeht
Author Patients auncular thromt o ¢ sunicular thremt 3
S
e |
Soderstrom 18 19

Jordan 210 n

Toal | a1 3

auncotar entargement 1 the nbeence of canzentine heart falure While
<he was 1 another city emboly m to the verel ral and femoral artertes
oceurred and the physieran there a enbed 1t Yo arteroeclerotic heart
disease

When the frequency of such errors 15 con idered 1t seems quite
Likely that the incdence of left auncular thrombo 1s i artersosclerote
heart di eae 1 even maller than the & per cent currnly estimated
{aniEs 15-16) and that the properthon of embol: anang from the
left aurcle mut then be Wl mallee Ta explam <y temic arterial
embols m in arterio clerobe heart di-ease therefore we mut chiefly
explasn the mobilizatian of thremb: from the left ventnele Siace there
15 eldom any valvular ob truction to their egress thall thrombs do
not occur 1w the left ventricle) the anquiry mu t concern itself with
the wecham m by whick thromin are detarhed Irom the ventricular
wall presumably & certam fype of contraction Since clots form 10

Tastg - Teft Sunculor Thrombosts nn Chronte Arterosclerone Heart
Disease (1 aled Myrocardi! Infarchon Coronary Artery Dusease nnth
Hyp rtenston  awd Mypestensue Cardiocascular Disease)

o emi

Numbersith | Vereentwah
left auticnlar | leftaursculze
Patcents thrombn 19 thrembos
Healed mv cardeal infarctson
(Jordany 2
Yoo »
Crmary clers ply by
gerten jon {Sdex tram) 9
SR
8 ¢rtten e carduowa enbay
di ex ¢ (Soder trem} 1
7
Ttal aud average
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the prestnce of a certun contracting mechanssm or force, a change i
the contracting mechamsm would seem to be the most probable cau e
of their detachment

MOBILIZATION OF LEFT VENTRICULAR THROMBI

Rapd and regular ventricular contractions would seem Iikely to
fator the mobilization of thrombi but i acute myocardsa) mfarchion
where left ventricular thromb1 are known to be frequent, there 1s no
documented correlation of systenmc arterial emboli m with «mus tachy
cardia auricular flutter or supraientricular tachycardia—all of thewe
being conditions that give rise to accelerated but regular ventricular
contraction I observed no embohism n 19 cases of myocardal m
farction with aunicular flutter, nor m eight cases with supraventricular
tachycardia ® 1 In arteriocclerotic heart diceace there 1s no correlation
of embolism with auricular flutter 163 188

If «uch rapid heart rates do not mduce emboli m everhion could
hardly be evpected to make a difference

The eflect of rapid iregular ventricular contraction <uch a< 1s a <o
ciated with aurrcular fibrillation 1s more difficult to esaluato—pn
martly because of the unrehability of diagnoss of the underlymg
disease m studies on artenosclerotic heart disea ¢ secondanly becau ¢
of the previously mentioned doubt as to whether a given occlusion 1
thrombotic or embolic and further because digitalization almost always
practiced 1n aurscular fibrillation may theoretically contribute to mo
bilizatron of clots

If the number of ventricular thrombi formed 15 no greater in auricelar
fibrrilation (see CHAPTER 3) anj increase n emboll m must be due to
greater mobilization of thrombr The irregular contractions of the
sentricle cecondary to auricalar fibriflation myght tend to loo en the
attachment of a ventricular clot more readily than the even contractions
of normal rhythm If systemic arterial embolism occurs soon after
aaricular fibrrllation begins the change mn contractions might be u
pected as a cause If fibrillation has been going on for some time before
embol: m occurs 1t 1s questwnable whether the clot could hase becn
mobilized olely by an arrhythma that did not prevent us formation

Tuo ways have been suggested mn wiuch digitahs may contribute to
systenuc arterial embolt m n arterio clerotic heart discase At least
theoretically,” Fishberg Hitzig snd hang 3 pomt out  digtahs pre
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duposes to certamn dangers myosardual nfarction Notable
of ventricular mural thrombt 1n con e

among the e ate mobihization e danmers are sctusl
quenre pf 2 more paverful systole ‘Whether thewe da ECI e The
can only b extabhched by pheexvation of a large serie2 of o
ccond theoretieal danger from dippahs po tulated for m“‘“;’ w o
congestuse fature » the decrea ¢ 1 heart suze which al o ht '.:nh
to dy lodge thromby # 33 Blumer * warned  The frequenty wit
which thromin are present n coronaty occlusion 0 ufies the
atntude of many phy 1c1ams dg the avordance of wed with
digatalis usle s there 15 ome sery defimte sndication for wts use such
3 aunicntar fbnilaton

In 2cate myotardal wmizreion where duagnost of asterrosclerolie
heart & ease 15 mghly acturate and diagrosws of 4 tewie ertenial
embolim reaonably accurate the medence of auncular Sbnllaben
15 50 low that 1t 1s difficult to obtamn adarge eries

Some years ago 1 tudied a group of 81 patients with aumeular
fibrillaion Gecurnng s acute wyocardal infarction ™S This tudy was
made preor to the we of T 1 g an U
hotie factor The relation of aurcular fibrillation to v tepuc artersal
ermbobiem 1 thas group 1s wrtere ting The diagno 15 of scute wnfarction
was wrasonably certaw (fypieal ERG exclohion) and that of o temme
srtenal embols m i by probable (patienmts with sudden hemiplegia
ot udden occlusion of an extremital artery) Forty-eight patients had
congestise farlure and 36 d:d not

The vartables aflecting attersal thromboemboli m n acute mye
rardial ynfarction ate to many that nothing more than wdtcationy sre
juhfitd m evaluating the mobibaing force from stalistical data The
e of the acute wfarct and the presence of ab enice of congetinne farture
are the factars chuefly affevting the f>rmation of thromn Aurseular

fibniffation end the we of digitabis are the theoretic fartors sn mobilizing
thromin that need e aluation i

i one 1vdies 2 group with aeute myocardial pfarchion and canges
the beart fattare m order 0 e = ¢ the effect of auncular fibrsflaton
and digdals the resulty are satesesting 1f not convinemg  Auniewlay
fibollation was a5 otrated wirh 2 significant 1nereated ncdence of

= temie aslenal embol m—see TABLE 17 (PSG01) in a ody ot
thase patients with an acute myocardial e ,

{ infarct conge tive he;

art faslure
and uu{lcul;r fibrillation made to determne the merdence of sy temic
arterial emboli 10 among those Teten g and thoee not receving digy
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Tase 17~Incidence of Systemic Artertal Embohsm tn Patients wath Acute
Myocardial Infarction and Congestive Faulure wn Those with Normal
Rhythm and Those 1wtk turrcular Fibrillation

Per cent with

Number of patients <y temic arterial emboli m
Normal rhiythm 85 7 (6 paticnts)
Aunicolar fibrillanon 48 27 {13 patients)

tahs, there was a suggestne and possibly significant merease 1 those
who recenved digitalis (TanLE 18—P=004)

The data 1n this study are dmittedly suggestnve and certainly hew
nistic There 1s too a entical need for more facts What 15 pomnted up
are the difficulties myolved m exaluating the relation of auricular fbul
lation to artertal embolism n artersosclerotic heart disease If the effect
of the arrhythmia 1s mconclusave 1 a group m which the diagnosis
both of the heart condition (zcute myocardsal mfarchion) and of the
systerme arterral embolism 15 ighly accurate (the embolic episodes
were typieal exther sudden attachs of hemiplega or sudden peripheral
occluaions), then how conclusne can <tudies be 1 patients with sup-
posed chronic arterosclerotic heart di ease in whom the dragnosis of
both the heart diccase and the cauce of arterral occlusion 1s less certam?
If the effects of the arthythmia in acute myocirdial nfarction cannot be
dnyorced from the effect of digitahs how can ) stemic arterial emboli m
m arteriosclerotic heart discasc be ascribed to auricular fibrillation
unless the effect of digitalis be exeluded?

In rheumahc heart dicease auricular fibrillation can be definitely
corrclated with an nereased meidence of both left auricular thrombosis
and <ystemuc arterial embolism In arteriosclerotic heart disease there

Tapie 18—Inaidence of Systemic Arterial Embolssm in Group of 48 Patients
with Acute Myocardial Infarction with Congestive Falure and Auricular
Fibrillation in Those Cuen Dignalis and Those Vot Guen Digusalis

Per cent with
Number of patients | sy temic artersal emboli m
[ S S
Group grven digitalis 39 33 (13 pahenys)

D
Group given no digitalis 9 0 {no pabients)
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1 no conclusve evidence that auncular fibrillation s a sociated wuth
an ncreased madence of feft aded thromdn nor 15 there conclusne
eqidence that any sppirent wncreased wnerdence w3 tz-'mlcJ artenal
emboly m attpibuted to auricular fik cannot be equally
well with the admmsiration of digtahs i those with congestne heatt
faiure

1

SUMMARY

There 13 no adequate explanation for the mobilization of left auriculsr
thrombs 1 the majonty of 1n tances The oceurrenve of embolt m cant
not be correlated with anything ave occasionally a change m 1he
thythm of ventrieular contraction from a regular to an stregular thythn
oF vice versa An jucrea e in ventncular rafe alone if regular does not
mcrea ¢ the moxdence of embolism There 15 no evidence either that
exerat ¢ tends 1o 1ncrea ¢ the mobthization of left aunicwlar thromin ner
W there correlation of embolim with a regular tachyeardia uch as

wus tachycardia auncular futter or patoxysmal supraventticular
tachvcardia

TasLe 19~Wechamsm of Mobili ation of Left Auricular and Left
Ventricular Vural Clots

Left auncufar Left ventneular

——
{mmediate mobilizng tactor | Related to 1y pe of Bow | Related my re een
not contracts n of

traclin < fyentracular
suncular wall 1

wal

Refation of arthythmyas

No correlation
1 T egulartachy ardia

Noturrelan n
79 Rapd mresahar vt U
Ramd wwvegolar vhyvbm | No correlat m withs

—suricufar fibnllation | e tably hey thythm
— sk b
3 \uddden change of Ocea 1onal. but
rhythm-nc rmal to 4 finte
auncalar fbnllan
auricular fibritlaton

—_—
No corvelaticn with ¢
tabl hed rhythm

N tenaurh endence

U normal
il
h wtalis N correlation A suggestive correla
ton butat eaough
evidence
Exertion
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Mobilization of left aurzcular thrombi in rheumatic heart dsease
therefore must be regarded in the main as a fortuitous event

Mobihzation of a left ventricular thrombus occurs if a clot 1s detached
from the wall None 1s retamned as a ball thrombus A change m the
contraction of the wall probably accounts for the dislodgement There
1s no demonstrable correlation with rapid, regular ventricular contrac
tion and any correlation with auricular fibrillation 1s complicated by
the consistent use of digitais Digitahs nduces two changes 1 the
contractile 1 possibly ducrve to the e of leit
ventricular thromb1 (1) a more powerful systole and (2) a reduction
1n s1ze of the left ventricular cavity

A summary of the mechanism v ohed 1n the mobilization of left sided
cardsac mural thrombi 1s given in TABLE 19




7 Drfferenfial Jragnoss of Rheu-
maiie and Arieriosclerofic
Hear!t Disease

TnFs MATIC HEAK DREASE and artenio clerehic heatt dicease differ
the danger of ¥ temnc artensl embohsm whick they present and m
the entena determunmg whethes and what prophylartic antsthrombotie
mea nhees are ndicated In s connection 3328 cruonally smpenian o
recoguire theumatic heart oy ease because {1) 1t probably acceunts
Yar wost sy temu artertal embobistn {2) 1w 3s unrecognized during Life
even 1 & Magh proporiuon of patients with gro s mutea) vslrde iseace
£3) by excluding s preadibty e dragnosys of axteno clerotic heart
d case can Be more confidently made and newed upun 2 (4) the
freatment 13 by po m ans the came eyen duning congestire heart fature
Fhereas coranary arterial dy ease may remam Undetectalle until
mamfests ttself m acute tyocardial infarction oy prm. 3 sagaa pe
tonis Gypertemane cardiosasenlar dreease 2wally 8 not dufficult to
thagno.e Rbeuwatec heart & ease 3f <uspected  hould be diagno able

@ mo t 18 tances if not siways Suning dfe and before 3t cauces <enious
Q ablity
P

P P for dff between 1h and
antenionclerotie heart disea e nclude ausceltation i the left lateral
vo tbon  roentgenoprams {not cerely fuota capst w the poatere
anterior nght ebhque and left lateral peens  and slectrocardso-
graphy Doter® bas empha wed she smportance of roentgenograms in
addstion 10 & Py 10 &

gement of cardiac cham}

RCIDENCE OF UNSUSPECTED RMEUMATIC
HEART DISEASE

The anerdence of wn wspeered theumatic heart disease 1 R degrees
1 probably enormous Fa shender? Fal' and Andersan 1% gnd othes=
have hown that its muwor 1igmas occur in & large propatton of per
sons and Lichtman and s 14 fognd gross Pe

theumatre valvular
aamage at necropay in 52 per cent of 342 pavients gver 50 yesys n:ﬁ

with anatomic evidence of heart & weass Hore wmpostant these 0%
vahmar deformities ave chen nnrerognized dutwmg hie Althgo:gh
3
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rheumatic heart dicease 15 often wrongly diagno ed as artertosclerotic
heart disease for example, 1 15 of 50 cases that Kaufman and Pola
koff 1 # found at necrop y the reverse error scldom occurs Smmlarly
when the two conditions coexist, arteniosclerotic heart d ease 15 u ually
recognized and rheumatic heart disease overlooked According to Gard
ner and White 3 the coew tence was recogmzed m only 7 of 32 caces
Artertosclerotic heart dise1se was mi <ed only five times but rheumatic
heart disease 21 times

PATHOLOGIC STAGES OF RHEUMATIC
HEART DISEASE

Tne farly defimte stages of rheumatic heart dicea ¢ preceding
climcal embolist may be recognized pathologically (Fge 8-12) Thewe

Fic 8 Stage 1 Acute rheumanc cardiis Rheumatic verrucae on valve
margins Thickened corrugated patch of aurtculiis on posterior wall of

auricle
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overlapping tages cannol be epavately identfied clinically 1n every
patient but hould be u pected and earched far

Stage One  Acute theumatic cardibs may not be recogmzed but when
11 imolvement of the left auncle 1 pre umed RIC TY

Stage Two Progre we change in the mitral valve and the left auricle
result 10 deforty of the motral vahe can mg senoy  regurgitation
or b th With wncrea ing tena 1 there 1 v ually a concomtant dilata

uon of the fett auricle to an unpredictable degrec— hight moderate or
warked (16 9}

HoOY s

7 Leore ne
s;\\‘::t and awrcular dilataticq with begmning ta ,
ened and th Kened Per s tin gt K of ayrocaln

anat mical chan,es s wh nATTNing of myyra)

Cherdae tendineas
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Stage Three Maximal defornmuts of the mutral valve and maumal
dilatation of the left aurcle probably arc reached i ten to fifteen
years (Fic 10)

Fi. 10 Stage 3 Maumal tcnost of vahe and mavimal dilataton f
auricle Marked dilatation of auricle Per t tmg auriculitt
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Stnge Four The formation of thromb: 15 folfowed eventually
mobilnation of approuimately 50 per cent (Fi16 11}

F1o 1) Sa e s Fomay
e v oand auncular 1
durt ubh an{ fetween trabecut;

n«f left avricular thr

b following pralon, e )
all thembs at se of
aricalar appendage

tun Te difated &m
a6 carnede 1n the o
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Stage Fue Minor and usually unrecogmzed systennic arteral em
bohsm (Fi¢ 12)

Fic 12 Stage 5 Molbilization of mall thromb: as emboli u ually urreco,,

nrzed
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Stage Siv Obvious serious emboh m (Fi6s 13-15) which may be
quickly fata)

S T

Fit 13 Stage 6 St
g¢ of mobilization of 1.
nized systenc antersal etmboli " e ‘hrom‘" 2 e Teco
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Fics 14-15 (shown side by side) Steno 1 of mitral onifice and thrombo 1
of left auricular appendage producing emboli m to abdommal aorta with
sesulting gangrene of both lower extremutic  (By pernn ion from Could
The Pathology of the Heart Springfield I Charles € Thoma 193
chap 8 [Dr A H Baggen to s] p 668)

CLINICAL DIAGNOSIS OF RHEUMATIC
HEART DISEASE

Important to the chmcal diagnosts of rhemnatic heart di ca e 1s the
recogmition of two preceding phases The first 3 an acute upper re pir
atory mfcction with an as oerated streptococeal pharvngitic In about
three per cent of the patients with Group A beta hemohytic streptococet
acute rheumatic manife tahions with endocardinn oceur after a latent
period (a few days to s1x weeks) It 15 ympo sible howerer always to
recognize an upper respiritory mfection as treptococesl and cau ative

. of rheumatic fever or to diagno e the acute rheumatic condition the
econd phase from it~ <igns and symptoms
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As the direct cause of rheumatic fever 1 not known and cannot be
le ted for the diagnosis mu t be ba ed on the relatne wmportance of
whaterer major or rwmor findmgs are precent and therefore can only

e p pse In childh A the dicea e frequently meet the accepted
enttenia established by Jones'® Rund as thewe entena ate they adout
tedly exclude a certamn proportion of ca es of true thesmaue fever
and ity {elt that the wmposition of hfelong pemerllim admim tration
based on 2 fale dagooss 1s 3 greater harddup than the pa stble
equelac 1n the event of unrecogmzed rhevmatie feser

Adter adolescence the diagnoshic probiem 1s far move complex Acute
theumanc wnfection buth 1 the onginal attack and i recurrent ept

odes 15 frequently ™o ed Jones major entena for diagnous are
rarely satefied m the adult and the minor features ate enber ab ent
or of doubtful sgmficance There are thus few chncal findings to
warn of wnpending Theumatic cardstis Many muddle aged patieats
the chrome tage of rheuratic heart di ease gue no i tory of pre
ceding treptococcal 1nfection or of theumatic feser Such was the case
with 52 per cent of 324 muddle aged patients studied by Rocenthal and
Fergin (32 caces) ™7 Sprague and Carmuchael (115 ca es) ~% Appel
and Ao sman (71 caces) ® and Hebbert and Rankin (106 eaces)} 112

Causes of Ecror 1n Diognons

There ate several can es of fallure to diagno e more than ane thud
tfall cae of rhewmatc heant di ease dunng bfe Fur t a phy cian
may not see the patient or 1f o only late 1n hlfe The dicea & often
runs a bemgn cour e gving re to no charactenstic mgns or symptoms
before death results from another cause or symptoms may not oceur
until late m bfe gnvng the phy ician no opportunity for early diagno 18
A well known sn tance of benign mutral stenosis unrecognized untl

Id age is that of Dr Herman Vackers described by White and Bland
Mo t of the unrecognized cases have hanesir been seen for the firt
tume w myddle age The mun and correetible cause of T sing the

diagno 15 of theumatic heart di ease 1m patents who have not

ousdy seen a physt san 15 the frequent farlvre 1o suepect anf! p‘“t‘\
D it 1 pereons past 40 vears of age except when findings deﬁea\t\‘
pm\:\sl {01t The emphasis placed upon rheumatic hean dlse: €as e
Ualls & condition of younger per ops has obscured its fugh o
m ol degrees of severits—n the B dence—

middle aged and elderly Rhewmane
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Fics 14-15 { hown tde by <1de) Stenosis of mutral onifice and thrombost
of left auricular appendage producing embolt m to abdommal aorta with
resulting gangrene of both lower extrenutie  (By permi sion from Gould
The Pathology of the Heart Springfield 11 Charle C Thoma 193
chap 8 {[Dr A H Baggen to s] p 668 )

CLINICAL DIAGNOSIS OF RHEUMATIC
HEART DISEASE

Important to the chnical diagnosis of rheumatic heart di ease 1s the
recogmtion of two preceding phases The first 1= an acute upper resprr
atory 1nfection with an associated streptococcal pharyngitis In about
three per cent of the patients with Group A beta hemolytic treptococet
acute rheumahc manifestations with endocarditis occur after a latent
pented (a few days to six weeks) It 15 imposaible howerer always to
recognize an upper re piratory infection as streptococeal and cau atne
of rheumatic fever or to diagne e the acute rheumatic condition the
cecond phace from s signs and symptoms
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TWhether 2 ocrated with auriewlar fibnflation or with normal thy ll\ml
Fheupatie heost dieea @ v mddle age 1s unrecognized with about (iqui‘
frequeses The problem 13 to detect or 1o exclude rheumatic \e:“
diea & when 1o previous sign IS pren The cases reported n this
chapter 1llu trate how many have teen erroneon ly treated because a
carefyl differentsal diaemo 1s was not made In ome the diagnosis was
made only because erhoh m forced us ron weration and in others
beeau & our former m takes had taught us always to apply the direct
query  Have we excluded rheamatic heart diea e® Ouly by adhenng

to tfus precaution can theumatic eart A1 ea ¢ 1n mddle age he found
and treated

Diagnosyss of Mitral Stenosis

The mo t rehable ertena for the duagno s of mitral teno > are

fttory and \ findiags Ele diograms are at
tm s of \afue in directing altention 1o the lesson Tt cannot be too
trongly empha 1zed that auscoltation s frequently the onls means of
diagno\ and often the characters tic dia tohe murmur can be ehicsted
anly with the patient on fus left 1de Careful au cultanion m this pe 1
tion with the breath held after expiration <hould be routipe w the
exammation of ali patients 1n whem heart disea e 15 <u pected Tro
frequendy this 1s not done In the following lour vases emboh m oc
curred before a diagmo 15 of rheumatic mutral teno s was made In
three the charartens e monrmur had not been heard before emt ol m
probably becay e & coxoiul search was not made In the founh the
patiert had not ceen a phyaicran before e embol m ovcurred

Case 1 A 62 year old housewife had been well untl about five weeks
be ore evamination At that ume she had felt fabgue snd honne s of
breath and bad been gnen diowtalis When fir 1 een m December 1920 ¢he
wa maderately dyspnesc with & vital capacity of 3 lters A totally yrregular
brart beat w2 hown hv electrocardto=raphy to be aunculsr fihnllanon
with premature beats Na mwutmass were noted bat o examination n the
1itfaleral p ition was made Under treatment the compen ation yeturned
;\n the ausicular filmllation we  jed Th  blood pre ure was 130/80
bu:‘:?’:\ﬁ‘:n o: the heant shoned slight enlargement of the left ventricle
b m e c;: of :n)\zr,en-cm. of the left sunicle The tentauve diagno i3
P ; )m:‘ cart diease puncufar fbedlation and congestne
e e ““bo )\wn ubsequent epi odes were considered possibly
T e :-:‘ :sm1 On onz occa son there was wevere pam 10 the
e ‘D“a n::\ie O the other ocea ton the 13tient suddenly

Rt walk raight and bad to lean agamst a car
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heart disease unless obvious, 35 usually diagnoced as artenosclerotic
heart disease

The correct diagnosis of heart dicease i tmddle age will be made
more often 1f rheumatic heart diccace 15 considered a pre umptne diag
nos1s m every cardiac pabent, exther alone or as an asociated cond:
tion, until proper studies hate been made to exclude 1t

Auricular Fibriflation i Middle Age

If auncular fibnllation 1s <een for the first ime 1n middle age or
later, without obvious etiologic findings and no rehable I tory 1
obtamned of acute rheumatic fever or acute rheumatic carditi, the
arrhythmi1 more often than not 1s diagnosed and treated as nonrheu
matic heart diseaze unless 1 entical differential study 15 made A hy tors
of theumatic feser would be of help but as noted abote the acute stage
15 missed 1 the majonty of patient- Moreover a careful inquiry te
garding a past medical history of the various manifestations of rheu
matic feser usually 15 not made The questioning frequently 1s cursory
mdifferent and unrewarding I have al<o been frequently remss (Ca e
7) Tt 1s of more than academic interest however to di tingm h be
tween rheumatic and nonrheumatic heart disease as the cau e of auric
ular fibrillation The indicated treatment can vary 1n many essential
and critical detall  Several speeific measures may be indicated 1f
rheumatic heart diseace 1s the cause continuou- prophnlaxis agam t
recurrent <treptococcal infeetion mitral valvoplasty 1f mitral <teno
18 present and antithrombotic men ures if embolism occur

When auricular fibnllation 1 associated with rheumatic nutral
stenosis, the probability both of primary and of recurrent sv terme
arterial embohm 15 sigmficantly greater than when a <octated with
chrome artertosclerotic heart disease The basts for probabilits i
exther case 1s the merdence of thrombr in the left auricle or ventricle
1 auncular fibnillation occurs 1 assactation with rheumatic heart
diceace the chance of a left sided thrombus varies from 50 per cent
m general to thout 75 per cent 1f pure mitral stenosis present " In
artertosclerotic heart disease the chance 15 only about 33 per cent and
1s no greater m auricular fhrillation as evidenced by two studies ! N
In neither of these groups did auncular fibrillation mcren ¢ the incx
dence of left sided clots In chrome nontheumatic heart di case m fact
thete 15 an entirely dufferent correlation the left ded thromb: arc
associated chiefly with congestive falure
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suncle The electrorardiigram  howed normal inus thythm and notched 1
wanes The patient gave a I tory that included an ept ode n July 1924
characterized by (s wife said) mental confusion  ome uncor rdination
m watkimg and shpbt dysacthoa The ¢ ymptoms were fran story and
hie did not consult a phy wwian At the age of mae he had had an attack
of acate theumatw, lever but 8 diagniaes of thewmatic heatt diea e had
never been made

Potentially cerious embohem (Caes 1-41 thu may be the firt
endence both of left auncular thromt osis and of the underlying shew

Fic 16 Tracwne shwing abnormal bind P wa\es_m lead 7

matic heart disease The discovery then may be at the cost of hemplest

the lo s of a leg ot death The mortahty due to emboh m 1 nn(:u!flla
8,ed patients with theumatic heart dwease 1s high 1 Undortunat le
:t[vl:m\lgh the greate<t danger follows the onset of awpcular ﬁbn“:llil:

e P:::h();i\:\: i;t:\l;x;\\) eau es the characteristic murmurs to dus
ppese the e nym;mo u;} the mid diastolic and particularly the Press.
Dot e 7y be alypieal tn quahty inten ity or timung ™
— 1 b ka\M of this mashing that matral teposs as a cause of
ol il &“lﬂ'rll-hkas e finated by two authors as only 36 per cent

t proportion 18 prebably too Jow
Roentgenclagie Study

Maon of the m
2 takes 1n diag
EN0 1hg rhe;
clrstic hesrt duseae 1 kil oot RO 1 cave a8 arterig

age culd po sbly be avorded ifa
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fur‘ 1‘5 mmttes before she could proceed After thi <econd epi ode

was pected &n Itation at the apex n the left lateral
position Tevealed a defimte low puched diastolic murmur More careful
queel’;omng revuﬂed, that she had rheumatism of the knees m childheol
The diagnosis was ged to th rutral stenosts wath left surncular
thrombosts and systemic artertal emboli m

In a Cabot case report from the New England Journal of Medicine 1t
will be noted that emboli m preceded the ob ersation of a late dra tohe
murmur ty pical of mitral stenosis *

Case 2—A 66 year old hou ewrfe had for three months palpuation
shipping heart and moderate dyspnea on climbing three flights  and
she had been receiving digitahs When fever and upper abdommal pan
developed she was operated upon for acute cholecystitis and cholelithua s
At this time  ascultation dicelo ed a  grade 2 apical systolic murmur
and & totally rrregular chythm The aortic secand <ound equalled the
pulmome ! On careful questtomng there was no hustory of rheumatic
fever Ten days later sudden coldness and pallor deseloped m the rizht
leg No pulsations were palpable below the nght femoral astery Tromexan
and Dicumaral were admmistered Two days Jater a cardiologt t di cerned
a defintte grade 3 mud diastolte rumble at the cardiac apex witlh presy wohe
accentuation

Case 3—Another pertinent case 1 that of 2 64 year old engmeer who
had been well all lus Iife save for & bad ore throat at the age of 3}
There wete no joint or muscular pamns everal weehs alter the attack
Since that time he had worked without «ich Jeave and had never noted
shortness of breath m exertion palpiatton sponfanepus pain or edy
fatigability  One evening he noticed some weakness and awhwardne m
tus night hand and nght leg though he walked without diffculy After
a good night s sleep the leg seemed normal but the hand was weak and
mept The blood pressure that day was 144/8% in the right arm and
134/84 m tha left The rhythm was regular No murmurs or accentuated
sounds were heard esther m the upright or the supme posiion He was
not examned mn the left lateral positton Becan e of the patients age
and the abeence of cardiac murmurs the tentatise diagno 1s was cerebral
thrombe 1s The next day however electr showed akb il
prominent notched P waves in lead 2 (F1¢ 16) On careful awsenltation
with a bell stethoscope with the panent w the left lateral po mon a
& tinet and low ptched presystolic rumble charactert tic of mutral stenn
was heard but only over an area about one and one half mches diameter

Case 4—Mr A F age 63 was first een in January 19,6 following two
short convulane epi odes There were no presios symptams to sugge 't
heart diseace Phyacal exammaton resealed a rough low pitched presys
tolie murmur at the mitral area and a cardiac roentgenogram the right
eblique positron showed a trarght left border and enlargement of the left
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P
nele The electrceardiooram b wed normal inus rhythm and ;\:'lmllef;l;{
“a\es The patient gave & tu tory that ncluded an epy ode m bl jm.nmn
“hamtlenzed by (s wife ad) mental confu jon  ome unce o( o
:En walking and hight dy avthra ;K'he e ):np( )ms“:;r:dl‘r‘:g 1“ :v\r)a o
ne
&d not com ult 2 phy 1an At the ae of m
:: a;mcuxhzumam fever but a diaunn 15 of th umatic hesrt diea e hail
ne er been made

be the firat
Potentially <enous emboli m (Ca es 1-4) thus may
evidence both of feft auricular thrombo 13 and of the underlying rheu

Fic 16 Tracmg hawing abnormal bifd P waves an Jead 2

matic heart diease The discovery then ma:

3 be at the co t of henmplegiy
thelosalateg

or death The montality due to emboki m 1n mddle
aged patients with rheumatic heart ds ea ¢ 1 high™? Unfortunately
although the greatest danger folows the oncet of auricular fibriflation

the arthythmia frequenthy causos the characteritic murmurs 1o des
appear the early duastolit the

d dia tahie and particularly the presys.
tebe The murmyr ma:

Raentgencloge Study

Mans of th s takes 1 diagne mg theutmtrc heart disea e as artersp
=l rotic heart dy ease g mddle age contd possbly be avorded af a
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roentgenologic study for left auricular enlargement were made The
absence of a diastohc murmur 1n a patient with auncular fibnllation
does not exclude rheumatic heart disease, and rehiance must be placed
on subsidiary findings 151 A characteristic roentgenologic pattern, to
gether with the arrhythmia justifies a tentative diagnosis even without
other findings and <timulates a more critical appracal of «igns and

e = Ey

Fic 17 Enlargement of the left aurncle postertorly displacing e ophagus
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symptoms with eather Tecogmtion of ome of the mafl and le s serous
aswell as the large  enious embolt

Case S~A 66 vear old woman wae awjured mn 3 £21) Inerdensal u[n
examination, he was found to hsve auneular fibrdlation A diagnosis ol
astersa clerotic hert ds ease was made On reexamimation 18 months
Tater she bed noted no Ay prea other than shght hortne s of reath upen
chmbime tars, which she atinbuted to her ace She felt that po 1bly
dlie tieed more easily than she hould Aunclar fbnilaben wes ull
gre ent the blood pressure was 162/100 and the ventnieular rate was 9
Ao dia tohc murmur could be detected i she left Yatera) posimon A few
basal lan rales were heard bilaterally There was no penipheral con,e tion
of edema Flnoro copy tesealed enlargement of the Jeft ventricle and ome
tortuosity of the sorta Tn additim roentgenograms 1n the nght vblique an )
Jefs Ja exal posttions showed definmte enlargement of the left aunicle (Fio
14} Tins probably repre ents theumatic matral stenosis de pate the ab enc
of any diastolic murmus In September 196 at ace 70 and while traveling

she suffered cerebral and femoral arterial emboli m The diagro o5 was
artensoscleronic heart ds e2 &

There are everal differentiating points between the left auncular
erlargement found m auncular fibnllation n rheumatic heart & ease
and that in arlerio clerotic heart disease In rheumatic heart diseae the
1eft sunicle usually 13 warkedly enlar,ed and there need be no con
gestve beart farlure 4 The left autiel has failed because of mutesl
ob Yruction the chamber 1s the 1te of primary faslure which precedes
night heart fature In arteriosclerotic heart diease honerer the left
suncle 13 enlarged only lightly to moderately the left ventricle 1
always entarged and congestne heart farlure 5 present The left aunc
lae faduse 33 econdary to left vertnicwlar fature and absequent to
congestive faluge Thus »f a left auricle 15 enlarged out of proportion
to the 1 ft ventncle and congetive heart failare 18 absent 1t 13 good
presumptive evidence of theumatic heart disease This was true in case %

N Case 6—When 2 64 year ol{ woman was seetr at hame for @ cold her
“;ar; was found to be fa t and m: sing  She had no preceding hortaes
o d;mh palptaton o unusual fatigue The duagosts of avnenlar
IS;/ ?;lm‘: V:jss cllnﬂrmcd by electrocardioram The blood pre
S ‘h‘: rast lic murma s could be heard m the loft later:

al postion
or later The contosr of the ke

art 5 the rig)
Lelt fateral views mdicated lefs aw o

rievlar ealstgement the setro
ar
ax(‘;z:le‘ :as :nc;oa(‘ltd upon the Jekt border abnormaliy straight and c‘l))l:rc
ot ; ‘:i rheumahe mutral heart duwease Inquiry broughy out s
patient had frequent “rheumanc leg aches as a child Op a a8 the

sure was

areve tenal
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fiznos of heumane valwlm  hie witk be ob emved carelully frr char
scters tre mrmes and evderice of mior embolt m

A chmean need not be reluctant to diagno e mitral teno 18 even
@ the ab euce of left aunculsr dilatation of other findings are 13
mbcant, He ruet semember that ths finding 55 tre ed as a chue and
not 2 presequisiie to dagnosie 1t 13 not always pre ent and even when
pre-ent 13 not always rorntgenclogicatly evdent®

\aather renteenographie finding howeter 1 an inaniable index
of uutral teno @ A calcafied mutral valse (a5 distinguished from caler
fication of the annulus fibrosus) 1f hown by reenteenograpby 18 con
(dered conclasnse evidence of mutral teno 1 whether other sins ar¢
yresent or not " Ei6s 18 and 19} So man ¢ timates that 10 per cent
of the patients with theumatic Towral teno 1s hase v1 ible ealefication
of the miteal vale but undubtedly 1t 1 een 1 only a very mall
proportion of these patients—probably because it 1s not u pected and
a wrefu] roentgenographic examination 13 not made So man finds
Ruorawcopic examimation with optimum accemmodation of the ejrs
mote helpful than the roepigenogram uch he 2y rarely adds any
thing 5f the flnoro coprc examynation 1 carefully done Riebe) ™ has
tecently reemphasized the precs e preparation of the eyes that 1s neces
sary of red goggles are used The use of hort duration roentgen ex
Yosure 12 to 3 malisecond ¥ will probably be of more diagne tic value
than fluarestopy Detter 4 helseves

L ing radwologc findings as the basic evidence Souman % cly sified
patients with  wbehmeal mutral drea e mto several dwvision Fir t
2 mall group wath an g i} phe but rncone
elinieal agns ter none ar all} of mtral di ease Second the Tarpest
eroup tho e with defiite voentgenographic findmgs of mutral drees e
1n whom the phy scal signs have not been detested previouly by ane or
mare
o :;\::aml;:,:::s ):"’:;: ,Zle(::!o::h they ate discernible when earched

'genonrapiic evidence compatible with

::\;a\ dren s bt nor Bagno ue 1ad 2 verated with no other chmial

Electrocardiographie Changes
\N\\: wmponiance of the clertrorardiogram patients with normal
hvibm ol trated wn case 4 Not untd the electrocardingeam was
n;:pec(ed was rheumatic mitral teno 15 pected A definne notched
nate i the electrocardiogram of 2 patient with 2 clear histary of
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DIFFERENTIAL DIAGNOSIS OF HEART DISEASE %

previous sheumaatic diceare makes rheumatic mitral teno 18 & Wphly
probable diagoosss even in the ab ence of defimie autm\‘\!a\hq m:
other 1gns Fraser and Turner ° <pudying 2000 vncelected cax mgl!az;\
{yund motched P waves only twice n the absence of mutral valvular
31 ease. Conversely the notched P wave 18 present m mo & cases of
ote bl teno > In 115 patients with pormal rhythm svbmitted to
<urgcal treatment for muteal tenous the same authors found broad
or bifid P waves i 92 per cent

Presumphive Diagnesis

In contam 1n tances a tentatise dnignoss 18 jusuified on Telamnely
Tew findings Acrording to Levine and Love™  One can make & pte
sumptive dragno 15 of mitral stenowis In 3wy patient with 2 past bu tory
of theumnatic fever 1f auneular fibrillation 15 present

Case 7—% €9 jear old man had a parexy m of suncubar Gbollavon
which was terminated with everal do es of qunidine Following this epr ode
there was no mgmbcant dyspnea pal or fatigabilty The blood
pres yre on several observations was mever tugher than 150/93 “a
1 1ohe murmurs were audible In the sub equent five months there were
several <hort periods of paroxysmal suricnlar fibnllatien {of whick the
palient was acutely aware} relieved by quimdme and al o—not as perated
wath the ¢ paraxysms or the u ¢ of the drug—<evera} eps ades of light
beadedness 1a ung for several haurs and accompamed by di turhance of
the sen ¢ of balance Fluoroscoptc examunation followmg barum desage
guve 0o evidence of ealarperert of the Ieft auncle After sex months of
ondenng the dia nosis of anenwscleratic heart di ease more careful
questioning &b ¢lo ed how cursory our ongmmal mvestsation of the past
medical fustorv had been The pitient had vepeated attacks of “mflam
matory theumatism 1n childhodd and adolescence Despite the shsence
of dustolic murmus or of dewon trable enlargement of the left suncle
theumatie vabvultis 25 considered a more then remate pos 1bulity because
of the (huldhood disease and the attacks of fhnllation The spells of light
teadedness are possibly due to muwor embolsm and further embohe
eptsodes will be continually suspected Even thouh these are only mmmal

crena for a tentative dia nosis of rh
o] enraatic heart disease the patient
wilk recerve the beneft of maxnnal ohservatiot: ?

RECOGNITION OF EMBOLISM

Pechaps the most woportant pomt of all m the management of sys.
temae arterigl embols m in theumatic heart dwseate 1 the Tecogmhion of
the mall embols that usually precede major emboly m Proper manage
ment \CHAPTER B) can enormou fy ;

seduce future embolism The
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mortality {rom small embolt 1« ml but small emboh 1f unrecognszed
and untreated are frequently and <oon foflowed by major emboh
which may kill or maim the patient

Once the diagnosis of rhenmatie heart disea e has been made the
ehnseian must consider emboliem n the differential diagnosss of every
condition that can arise from st Only 4 very small proportion of s+
tenne artersal embols are chnirally recogmzed cluefly the mjor ones
Even then the diagnosis frequently ss made late The carher and mmnor
embolt may ¢ cape recognittan—fir t hecause the signs and symptoms
are <o <light that even the patient fails to notice them second, heeruse
the physician does not suspect their occurrence third because mmor
signs and symptoms of emboh m are not sufficiently 1ime bigated and
Inst because artersal pul es are not recorded early m il patients with
rheumatic heart disease

In patients with auriculi fibrillation espearally pam m the coto
vertebral angle should be considered s renal embolism and signdfieant
nuerascopie hematurt should be <ought Intravenous pyclogrims should
be mide 1f possible  mice ab nce of venal function may wdentily the
lesion ¥

Transitory famtness anl dizzines should exene suspicion of small
ccrebral embolt which irequently cau e the ¢ sumptom 7 In my
expenience the sigmficance of mo t of these epr odes v unrecogmzed

Mesenteric artertal emboli m unles surgically frented s frequeatly
futal Abdsmmnal pain nau ¢1 and vomiting may be the symptoms and
unless embolt m 15 considered the patients chince of <ursiing re ec
tien 15 mmpered Mesenternie embohism may ma querade as acute 3p
pendiertrs © o1 46

Recording Puises

One of the most important measures for the exrly detection of periph
eral cmboliem 15 the frcquent obscrvation and recording of pul es By
this means artersal occlustons may at times be denpficd even though
net suspected In the extromties mparrment of arterial pul ation may
fe the only means of diagno 1= i the ah ence of major signs ind
symptoms *©

On suspicion of embobism pul e recordmg may be the confirnung
datum Ruchards ® declares The adea that emboly m 1s a condibon
with 2 dramatic onsct s inably as ocated wath pun 13 one whih
dhes hard  Of 48 cases of peripheral embohism which he observed the
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onset of 11 was marked not by udden paw hut by numbness or cold
i 1 carelully recorded the mode of

ness of the extreraities. Haimovies 1 ca ly o« and
onstt 1 s 240 ca es and found that an 28 pam o pum m’w
coldne s developed gradually Madofi Thompeon and Streter r‘e
corded a case where the patient had no complaints but coolne s of the
extremities led to the finding that pul es were ab ent bey ond the femoral
vessel Saddle embolus of the aorta was the diagno 13

In addition to ra1 ing the u preion of emboli m or confirming 1t
pul e palpation may al o wentify the ite ol occlu ron permittng 2
prect ¢ surgieal approach Grifiths 1% apparently recorded the fir t
1n tance 1 which emboli m 10 the byfurcation of the eommeon carotid
antery was dhagnosed from the sudden on et of hemiplegta and comes
dent loss of pukation Holden 1 who records a wmidar 1 tance he
tienes that cavotd embolis occurs mote often than 15 suspected  ince
the caratd pul stions 1 the neck are celdom palpated Dunning
de rmibes 2 method of pharyngeal palpation to detect acclu ton of the
nternal carond artery Bloomberg Blumberg and Hamoun © cite
a case of addle embolism 1n the aortic f orcurnng after
mtral valvopla.ty 1 which no one conld recall having felt the femoral
artery pulses before operation I have observed anotber cace 1 which
the same oversight led to mcorrect locatization of the embolus, Siibert ™
emphanizes the need for routme determnation of pul es i alt extrem:
ties and for constantly remembering the po wbibty of emboli m Since
either the dar al pedal ot the posterior tibal pulwes ar both may be ab
ent i notma) per ons 1s Silierman ind Morrson have shown 12 ¢
15 obviou ly urgent to note this ab ence before there 13 any reason to
st pect embohsm If mitral valvopla 1y 15 to be performed 1t s of
great value to know whether there has been previous emboli m

The rik and diffieulty of matral valvopla ty 15 greatly ncreased »f
a throohus has formed m the Jelt auncle

When the e thrombs are
not suspected and special precawhions not taken there 15 2 igh e
dence of emboly m at the tume of operation  The early recognition of
emboh 1 occurning durmg operatwn 1 mandatory A patient mav

urive a uceeful operation only to succumb to a belated)
by rero,

nued‘;addle e;nbnlus In many eatly cases perspheral atterial embols 5\
has diagnosed only when the patient rec d

o e P overed from the ane thetse

The best method of detectny
uch emls
e o pi g ernbolism early 15 to record the

nd after salvoplasty rather than to wan for
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development of obvious symptoms Tropea and Entine % specafy that
the carotid pulses and those of the extremities <hould be recorded after
the operation while the patient 1s 1 the operating room Boyd?
makes a similar r dation  If an embolus does lodge mn the
common carohid artery, and 15 recogmzed early 1t may prove amenable
to surgical removal For this reason 1t 1s advisable that the ancsthetict
feel the carotid pulse frequently throughout the operation

Madoff, Thompson and Strieter " specify precice meacures for
determiming the status of the pulses Before operation, they examine
all accessible pulses and then mark with mdelible mh the exact <te
of any pulsc that 15 difficult to palpate so that the pul e can be rapidly
checked at any time If the condition of the pulse 15 questionable
oscillometric examinations are indicated Regarding postoperatne pre
cautions they reported TIrom this time fornard the status of the
penipheral pulses 15 determined and recorded at hourly ntervals for
48 hours This can be done easily and quickly by nurses as well as
house officers since the Jocation of the pulses has previou Iy been es
tablished * The <ame procedure should he obeerved after embolectomy
which 15 often followed by recurrence that may go too Jong unrecog
nized upless the pulses have been carelully recorded Khngensmth and
Theis 10 report that 6 of 19 patients undergeng femoral or 1liac
embolectomy died 1n the hospital of ubsequent emboli In 27 embo
lectomies reported by Taylor ** there werc <even deaths and only
four recoreries from sub equent embolism

Angtocardiography

The knowledge that a left auricular thrombus was pre ent would
alert the clinician to the high probability of emboli m (50 per cent),
if no operation were performed and the surgeon to the creased
danger of emboll m during operation Visuahzation of left auncular
thromby through <pecial anglocardiographic techmes has been demon
strated, but as yet 1s not perfected Large filling defects produced by
both auricular tumors and auricular thromb: have been demonstrated
Stemnberg 3% has seen a  clear cut 1nstance of a left atrial mural throm
bus mn rheumatic heart disease d trated by ang diography and
venfied by autopsy e wrote me that unfortunately the ¢ films
could not be located The fir t pubhiched angiocardiogram to chow a
left auricular thrombus wa that of Soloff and Zatuchm (16 20) ¢
Dotter belieses that only fairly large thrombi can be vicualized with
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the present technic In & per<onal commumcation he wrote  Cardiac
movement certaunly 1 an enemy 1o harp wisualzation of mall intra
cardiac ma e Should a ma s within the Teft auncular appondage be
Yar_e enough Yo be di tmgw hed dearly from trabeculse catneas or
\rreglanties in the chamber wall angrocardiography would no doulit
be of can Wershle value The value would vary greathy with the techme
of the evarunation The horter the expo ure the more Tkely the
diagno 15 for a gnen szed thrombu The longer the expo ure the
larger the thrombus which might escape detection With ordinary
angiocardiographic techmes 11130 ceond or Tonger expo ures) the
thrombus would probably bave to be quarter ue or Larger to be
detected Other factors decreasmg detarl 1 the film would have a
wmalar bearmg Experimental and preliminary climcal tudies ndicate
that radiographic expo ure of 1 myl d adds Reantly to detart
and therefore the angrocardiographi yield The techme when per

fected may make prachcal the routne i wahzation of mall wntra
atrial mas es

Angrocardiography has been performed after left auricular catheter
wation but rajor complications have occurred 1 a igh proportion
There 15 the probabality that before many years angiocardiography may
be an important adjunet 1 evaluating 1 e problem of thromboembols m
@ cheumate heatt & ea e Untl the techmic 15 perfected chmenl sen

men m detecting <mall embolt mu t remamm the be t procedure far
wentifying a left auricular thromby

Subacufe Bactemsl Endecardihis after Middle Age

Subscute bacterial endocatditis n the middle aged and elderly oc
curs mose frequerthy thau 18 generally recogmzed and often 15 un ue
pected until far advanced In a combined group of 141 patients tudied
1 two ho pitsls by Ander on and Staffurth 7 and by Wedgwood ' 60
patients {48 pey cent) were oter the ave of 40 The olde: the patint
¢he fon er the yme from the apparent on et to the tume of recogmbinn
Tna tudy of 76 patients Ander on and Staftunth found the intersal
“2s anly 35 months for panents i the thued decade Tnthe cvemh

decade the time interval was 56 months
month

The delay m reco
gnmon was asenbed to facts
at delay the doagro w 1§ actors similar to the &

theumatic heart dr e
firt, a paucity of physical s1yns o e Ky

mn the eghth decada 10

econd the o 1dious nature of the
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discase (two patients had symptoms for two years), and third the
failure to consider the diagnosis In five of the 14 patients over the age
of 60 <tudied by Anderson and Staffurth the dicease was not recog
mzed until the second rdmrssion or after transfer from another hosputal

SUMMARY

A high proportion of rheumatic heart dicease 13 unrecogmized during
hfe Over onethird of patients with rheumatic heart diccaze die with
gross valyular deformities unrecognized Although many die with no

tanding signs or symp many <een m mddle age are undiag
nosed becau ¢ of an mcomplete examination Careful auscultation m the
left lateral position and detatled roentgenologic study of the cardiar il
houette and of the mitral valses for «ignificant caletfication will dentifs
many questionable caces Major embolism may be the firet agn dis
closng matral stenosis In a patient with recognized rheumatic heart
diserse the probabihity of embolism should constantly be kept m mind
Pulces 1n the extremities and neck should be charted and penodically
rechecked, they should be examined prior to during and immedately
after operation, and for 48 hours after opcration, m order to detect
embohsm occurring while the patient 13 under anesthessa  Angocardt
ography 1n certan mn<tances can identify a left auricular thrombu
Its status 1n diagnosis will be clarified 1n the next few years

The exclusion of rheumatic heart disease makes the diagnosis of
artertosclerotic heart disease with or without hypertenston relatwely
simple Only 1f rheumatic fever 1s seriously considered as a cau e m
every case of supposed degenerative heart disease will all the examima
tions needed for accurate differential diagnosis be made




§  Prophylachc Antithrombofic
Measures for Systemie
Arterial Embolism

RHEUMATIC FEVER

PROPIYLASIS again t systemye arterial embeli m obvioudy begins with
preventing the cau e theumatic heart disca ¢ or atlea tats progression
toa tate favornng thromboembeli m Gomg further this means elims
nating the streptocuccal infections that gne Tee to theumatc fever
The intadence of the d 2a & may be greatly reduced by such measures
but complete elumination of 1t 3 dovbifn} beeawse 2 1 wopo sble to
sdentsfy and treat every case The 1 ual practice 13 fo treat onhy patients
with climeally obvious streptorocral ore throats or those m whom
(btoat eufturey reveal group A bets hemolytic treptococer but i
these critenia are to <trictly adhercd to man) rheumatogenic sirepto
evcead snbectsons will be e e Streplococer even 1f present, may not
be dicclosed except by repeated cultures done with pera) technie
Postie re-ufts of cultyre are obtamed 1n anly two thirds of panhents
sien at the on et of thenrmatic Jever Clult* advocates treating every
ease of mild febrile pharyngitis as a Group A streptococeal infection
Short of thi fir t fine defense the cnb pra 3 cal wedod of guard
g agamst « temic arterial embolism 15 the recng; 2nd {reatment
of chronic rheuratic beart di ea e, The fir t step 1s to ¢ timate the
welative 11 & of emboly m $rom the type of fe 1on and the hythm  but
whaterer the ¢ bmate acute antithrombotic treatment ordmanily 1s
o tfied only alter the Br 1 recogm od emtbon m Hepce the urgency
\'o find evdence of even mmor emboh m Once the diagno 15 of embo
™ etabk hed any p of hrombotic as
S s g sy uu " :Pm experience 1 orerwhelmungly
': e vt m:;l oit an the contrary recarrence of embolism jq
5 2l ze Wosght

affly says W y=ually 13 not th
embolism thar hills but one of s surcessors Y e fira

b2




100 SYSTEMIC ARTERIAL EMBOLISM

Available Antithrombotic Measures

The available antithrombotic measures (TABLE 20) are mmed at
reducing one or more of the three faclors mn thromboss—damage to
cndothelum, coagulsbility of the blood and circulatory stasis They
must be selected so s to provide the mo t effectne combination of
measures appropriate to each patient s condition

1 Conversion of auricular fibrillahon to normal rhythm v ually
wproves cardiac output, thereby reducing congestne fatlure and

Tanre 20—Site of Effect of ¥ artous Antithrombotic Measures 1n
Mutral Stenosts

Damaged Coagulability Stagnation of
Procedure endothelium of blood blaad flow
Conver ton of auricular Noknown No hnown Improves blood
fibnllation to normal effect effect flow
rhythm
Amputatien of appendage | Removesa No effect Remmes tag
portion nation only 1n
appendage
Antithrombotic drug No known heduces plate | No hnown
therapy (Dicumarol) cffect let adhe ne effect
ne sand pro
thrombm
actinaty
Mitral valvoplasty with Removes a No known Corrects can a
appendectomy portion effect tine ol truchion

stasis Improyement in these conditions will reduce the danger of throm
bosis but therc 15 no reason to expect any con iderable mmprovement
{rom the restoration of normal rhythm 1n the left auncle itsell <ince
left auricular contractility 1s not appreciably mproved by the change m
rhythm The henefits from comersion arc u ually temporary n am
case since auricular fibnillation eventually returns

2 Amputation of the left quricular appendnge removes only a portion
of the damaged endothelium which 1< the potentinl ate of thrombo 1<
Since the damaged endothelum 1 the body of the aunce remans and
the stagnation continucs (becau e mitral stenosis 1s sull pre ent) fur
ther thromboss 15 possible Remosal of the appendage al o mtcrfere
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«ing the pref
with apy b equent npﬂ;uol:\ on the r:::'a;r:) :L\d eu rbcy ‘c}":;:;c *:;m!”n "
me of approac s 4 cepar
Z:\Z‘\;:‘cx':‘x:uxien‘:}’pucnce the :-lho\ne c; treatment 13 u ually made
o mea ures yetto be di cu se
he:‘?x‘xl‘::;rl:mbohc dru: \Dhicumarolj therapy operate through hu
g nly prothrombin but al o and
moral mecham ms by reducing mot only P FCA { erum
predommantly 1t man comer ion factor—known :;‘b o
prothrombin consersion accelerator) or as Factor procop ﬂ‘ .
or cothrombopla 1 133 Dicumaral derrea es the a(\hﬁncn:‘ ‘0 1! ‘c
platelet. ° dilat s the ve el ® and tends to reduce through § mm\r
3 the thromln alteady formed ° > Thus ot rombats hoth the
onmnal thtombosts and al o the propagation of either the primary or
the econdary red or Rbnn thrombus After prolonged admimirs
ton the drug causes detenioration of capillary antegnty but o has
no known efiect good or bad on the damaged auncular endothelium
or on auntolar blood flow
Wnght and Foley  were the fir t to demonsirate that contintous
D¢ umarol therapy could dimunt b the mewdence of repeated crboli m
w theumatic fieart dica e Reports of everal <enes of prolonged
applieatian bear ouy the effectiveness of thus treatment (TasLr 21) The
{requency of embofim 1n 98 patients during 1934 months without drug
freatment was compared with the frequency dunng 2992 months of
Dicumaral treatment From the ume of the fir t chically recopnized
embolt m until Dicumare) was tarted an embolus occurred on an
average of every seven months durine Dicumarol treatment howesver
au embolus occwrred only on an average of every <cven years Ahhough
the reduction 1n death or disability from sy temic artenal emboly m i
theumatic. heart drsea ¢ following the contiauous wse of Dicunraral
Pece anly mut result from a reduction 10 either the formabion or
eectaon of left auricular thromby the way this 1s accomphs hed 15 not
clear Mo crutial tudies of the mcidence of auncular cas ttary clots in
;!m;dh ard untrested patients with rheumatic heart disease are yet
ea 1l

Many ingle cases of contmued frecdom Srom embolt m with Theu
manf treatment have been recorded ! ™ Thus freedom depend  of
course on continued therapy If the deug 13 dicontinued the patient 15
acaio expo ed 10 & hagh 11 k of death from ub equent embol m Sych
treatment nece anily amyo e 17 d uemands on the physician and the
patient Even with meticulous care either emboli m or disqueting

Pr gl




100 SYSTEMIC ARTERIAL EMBOLISM

Available Anidh bode M. s

The available antithrombotic measures (TABLE 20) are wmed at
reducing one or more of the three faclors n thromboss—damage to
endaothelium, coagulability of the blood, and circulatory stast  They
must be <elected <o as to provide the most eflectne combination of
measures appropriate to each patient’s condition

1 Comersion of aurrcular fibnllatron to normal rhythm usualb
mproves cardiac output thereby reducing conge tne falure and

Tanve 20—Site of Effect of Vartous Antithrombotic Veasures
Mitral Stenosis

Damaged Coagulabilty | Stagnationaf

Procedure endothelium of blood Dblood flow
Conver 10n of auricular No hnown No known Improve blond
fibrillatien to normal effect eflect flow
thythm
Amputation of appendage | Removesa No effect Remove <tag
portion nation only m
appendage

Antithrombotic drug No known Reduces plate | Noknown
therapy (Dicumarol) effect let adhesne effect

ne and pro

thrombn

activaty
Mitral valvoplasty with Removesa No known Corrects cau 2
appendectomy portion effect tive ob truction

stasts Improvement 1n these conditions will reduce the danger of throm
bosis but there 15 no reason to expect any considerable 1mprosement
from the restoration of normal rhythm 1n the left auricle nsclf «nce
left auricular contractility 1s not appreciably 1mproved by the change
rhythm The benefits from conversion arc wsually temporary mn any
case, since auricular fibedlation esentually returns

2 Amputation of the left auricular appendage removes only a portion
of the damaged endothclium which 13 the potential site of thrombo 12
Simnce the damaged endothelium 1n the body of the auricle remn and
the stagnation continues (because mutral stenosis 1s still pre ent) fur
ther thrombosis 1s possible Removal of the appendage al o interfere
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special manemver for remonal of thrambs from the left suncle To
prevent cerebral embol m Bailey s group ** hare occluded the smnom
aate and left carotid artenes duning the tune the auncle was beng
mampulated Glover lma O Nesll and Janton? and others object to
thus procedure behieving its capable of downg more harm than good
This operatne precaution morecier il does not prosect the rest of
the body from embobsm which may have seriaus consequences unless
Wt 15 recogmzed early Embolism to peripheral arteries accesuble to

Tastz 22—Recurrence of Embolism after Vural 1 ahwoplasty

Patients Pavient
with systemic with syslerme
artenal emboli m. artenial emboliem
Author before operation after pperation
‘Actis Dato and Morimo | 49 [)
Glover etal | 84 1 (*Questionable™)
Belcher and Somerville | 54 [
Bordon 2 | o
Bigelow and Greenwood 13 [ o
Bland scanmell, and Myers | 1 1 (“Questionable )
Elbs 139 7
Total 376 (Y

operative removal must be detected earher by frequent determnations
of the pubes Glover et al® reported an icidence of only 6 per cent
of surgically produced emboli m m patients wath definte histories of
previous embohism {0 of % palients among 432 cansecutive valvo
plasties) Elis ™ found the weidence 6 per cent among gronp 1
and 20 per cent among group 1V * v

The reduction of embolism following recovery from the operation 1s

Hs chmeal classficanon
n of patients with mitral st
enosty
Groop 1 A bempn group withest syemficant s e
some futietional mpatrment

soptoms  Group 11 Patients with
P thents wih progres s ¢ &

T uually dysprez but mot paopre swve Troup 1L,
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episodes of blecding may occur It must be admitted that Dicumarol
therapy no matter how successful, 15 only palliatine It does nothing to
relieve the underly ing causes of thromboembolism

4 Combined mutral valvoplasty and left auricular appendectomy cor
rects the mechanical cause of stasis and al o removes an mportant po
tential site of thrombosis Theoretically 1t offers the greatest benefit of
any treatment for thromhoembolism and furthermore 1t tends to relieve

‘TasLe 21—Systemic Arterial Embolism 1n Panients uith Rheumatic Heart
Disease Frequency Before and During Antwthrombotic Drug Treatment

Before Dicumarol therapy|During Dicumarol therapy
s - I ] B
25 = b 2 = |a5] 2%
EZI BT S| BE | 2T |3 Bf
zE|EE|2ZE| £E | S8 |28 &
Foley Wright
McDevitt and
Symons 29 765 77199 1346 12 | 112
Owren 13 386 25 (15 295 1 29
Author 14 350 21 16 406 4 101
Beaumont et al 14 168 s0133 | 323 K 61
Cosgniff 28 | 275 (103 )26 625 , 13 | 48
Total 98 | 191 | 276 | 6 9Av | 2995 | 35 | 8oAv

any actual or 1mpending cardiac failure due to stenosis It requires no
expen~ive contmuous aftercare (TASLE 22) Of 370 patients with sy¢
temic artersal embolism before operation only 13 had embolism after
operation The chief danger from operation upon a patient with 2
history of previous embolism 15 emboh m during operation esther
a vital area not amenable to embolectomy (bramn) or peripheral embo

ble to embol 3y but not recogmzed early enough for a

lism
successful operation

With increased experience these dangers have been lessened by
appropriate measures In operative techmic and by a clo er chmeal
observation Greater care 1s ob enved to avord di lodgement of the
thrombus at operation Jamison Rao and Bailey * * have devised a
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u vally are not indicated but an attempt to ve tore normal xh,\\u:; ‘7
probably justified 1f the feno 1s caw ex profressine di ahddty and 3
the other enterns {or sahopla ty are aty fied the operation hould he
done primanly to reliese the werea ing cardiac farlure and ercondarily
as prophylaxss agamn t possible thrombo 1 1f there 1s strong Tea on 1o
<uepect that embol m 15 already occurring 1t may at imes be advr able
to ke the grized 11\ of hrombotre drug therapy
Revognized embot m 1 the prime and argent wdication {or immedi
ate snuthrombote deng therapy 1 any patient who can <afely su tam
prothrombm reduction After urviing an attack an unireated patient
faces a 1 per cent probabibity of death from eventual recurrent embo
lism {716 4} The majority of recurrences come 1 the fir t e month
_onethard in the 1 § month (F1G 53 Whether the onzmal thromt us
18 extrnded en bloc of temains and continues to di charge embolr the
underlymg factor that cau ed the onginal formation and mobzatien
per 1t and will continue to cause them This chrome and dangerous

condition mu t be oppo ed immedately and corrected permanently i
po ble

The choice ¢f permanent treatment 1s bv no means clear AMhowgh
surgeons recognize that not all patent are eligible for mitral vaho
platy and iterm ts that antithrombotic drugs are too dangerous for
sore pattents these has been 1o crucial compars on of urgical ves va
medical methods to wndicate which procedure 13 preferable after the
fir Lept od of emboh m

In an attempt to determme criteria for the sclection of treatment the
hitores of 14 urvivors of systemic arterial emlolism have been
seviened 1TABIE 23) AR were privale panents and their cases were
meticutou Iy tecorded

The natural astory of 14 wrvivors of svdtemie artenal embols ™
weuld be expected to be s follow  According to the evidence about
4> per cent of all deaths should be due to secnrrent systumie artenal
embol m Furthermore exentual recutrent embol m wotld be expected
m wothirds of the 14 and tes thirds of these Tteutrences ::ou\d
oc ur within a year This dit not occur 10 the 14 udied Mo death
were due to emhoh m and rore of the four TecurFences were with "
vear There were many wmlanines i these o4 es All the pat . “}‘1‘ 3
fong tanding theumatxc heart theea e {mo 1 of them for o . ;m; i
with predommant mral stenosts AUl but two had estah "n” 0 vere)
bnillation and of the tho with no AT

rmal thithm one requited continunus
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nearly complete and the 1 k of death at that stage 1s shight (T4s1E 22)
The general experience of surgeons 1s 1 agreement Although embo
hems per patient month before and after operation were not gnen by
Glover, et al® thewr summary 1s siomficant  The fact can he «mply
stated that over a postoperatne peniod of approximately «ic year m
an expertence of 700 cases of mitral commi1 surotomy, there has been
no mstance (with but one very questionable and mnor exception) of
arterral embolism Harken reported that 18 in the first 500
patients with a 30 month follow up, there have been but 5 em
bolx ” Sir Ruseell Brock 3¢ caid the mcidence of emboh m
after satisfactory mutral valvotomy 1s very <mall In fact I have not
had a single case of embolism occurring after operation’

The results 1n a <enies of casex selected for valvoplasty largely becau e
of repeated embolism are significant There were no operatwe death
mn seven cases reported by Bland Scannell and Myers 3 Although the
seven patients had 30 recogmzed embohisms 1 372 months prior to
operation (one every 12 months) there was only one possible small
cerebral embolism 1n the <ucceeding 70 months after operation

The rsk of death from emboli m 1n a patient with a previous attach
who undergoes mutral valvoplasty thus 1s Jargely Inmited to the opera
tion 1t elf This 15 about 3 per cent 1f the patient 1s i group I and
10 per cent if the patient 15 m group IV (About half of tho e with
operative embolism die ) If the patient 15 not operated upon and not
given contmnuous antithrombotic dru,, treatment the r1 k of death from
eventual embolism 1s about 45 per cent

Chkoice of Anhthrombohic Procedure

Since the r1sh of death and disability from <y stemic arterial embol m
vanes according to the rhnvthm the tvpe of mitral valie le 1on and
the history of previous embolt m (TapLE 13} the treatment nm ¢ he
celected by weighing the dangers against the benefits to be expected

In normal rhythm with no progre sive disabality the mortality from
embolism 15 less than five per cent (TABLF 12} Since no therapy could
be expected to improve this rate the patient 1n thy <ituation should
merely be watched for signs of embolism

In auncular fibrillation with no recogmzed embolism the mere
presence of the arrhythmia mereaces the 11 k of death to about 10 per
cent If the mitral salve 1s purely stenotic the n ks nearly doubled
(TasLr 12) Iline embolism has been detected antithrombotic measures
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quindine therapy Attempts to maintain normal rh)ﬂ\msh) ql‘\‘\:d‘!;\:‘;
therapy were sueces ful for some months or years n 3 :‘ :: hed
only in Ca e 2 was normal thythm permanently maintasnerl Seves ;s‘

recogmized enholism belore conge e heart fushure wes ehmcah Yy
apparent Dicumarol therapy was mettuted A0 every cace when embo

Tt m was recogmzed and bad been aatntawed for a total of 406 patient
months at the fune this stady was made Dicamarol was discontinued
1 orly one case becay e of headache and Tromexan was <ub tituted
with surcess 1t never became necessary 1o discontinne treatment because
of hemorrhage 1 any patient Dunng therapy there had leen four
recogmzed embohie episodes and none were fatal Seven pahents died
of conge tive farlure

In even of the 14 cases mitral valvoplasty was comtrawndicated but
contnuous Dicumarol therapy was chosen as preferable to expectant
treatment. All the patients had far advanced disease and six were 3n
congestive fafure Their aversge age at the time of the first Tecogmaed
embolum was G5 years and death withun 8 few years fram congetive
fadute was apparently mevitable Six died of this cau & sn average
of three and one half vears later Dunng 126 months of continuous
anithrombotic therapy there were two recogmzed emboh ms—far
less than the expected frequency—followed by recovery Although the
treatment had o measursble effect on congestive heart fmlure 1t may
have prevented death from emboh m.

The other seven patients also secevang antithrombotic drug therapy
wete ehigible for operation by all crterna except age and progresane
dusabiliy Four nere aged 30 to 45 year the others w3 to 56 years
Glover Janton and O Nesl} 03 among other 3t should be noted do not
accept age per <e 8s a contramdication to operation Congsu\g failure
;‘nd progressne disability were present m only one of the even at the

rt embobem nd this was corrected and controfled {(Case B) Con
ii“;’iatﬂ‘{“l’u ;r_i this !hca‘e however returned and the patient ded

'S later
dusability (Ca es 9“:;: ll;)x pasints subsequently developed progres ne

A case worlh Teporting i detarl {ollows

Case 9—Mrs D F
ge 41 nas first seen on August 6 19 1
:; :h:g:g:lo‘a‘)m ‘r\\ﬂﬁuuauc hesnt disease was fir ¢ duagnosed D)’n ‘II;JI:ZS(
she Grst notced “her heart wasny by
2pparently was the on et of auncula s S i s
X  Ghollaten 23 years gt
mtion of theumatic heart disease There was no resturton of ea'cl‘::l;ecsn\fe
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probatly the cause of them. Dunng the pa t twe year lhedpall:»‘\mtlis
affered s verel wan tory episndes of VBFODSEION Reck AN e =
us bae and weakne s of the vkt arm, terpretef a« minor ce‘;e ‘rn
emboly m Teomesan therapy has been s ntute! with no headaches
resulting and no further emboli m  Howeser the panient has increa \25
1y pnes on effirt and the 1 k of urgery 1» preates at fer pre~ent age 62
yeare

In 200 marths of contrnuots Dicumatol therapy of the weven patient
eligitte for sahoplaty there were only wwo embolic epicodes an
average of one every 1l year Fen for the two patents {Cases 11 aad
12) with treatment totaking over 31 year  the {requency of emboli m
1s murh Dwer than 1t was before trestment and progres 1ve & sbility
has not occutred de pite the unfavorable prognest u ually & ociatec
with embolt m and fibnllation

€as 114 53 vear old man wa i sble! with monoplegia by the fir
embslt m {cerebral) During the next five vears be hal repeate? embolt m
1 the spicen mesentery and kidnevs whuch sequired bk «pralization
From the 2 e of o8 (January 1943} he was treated eutinuou ly wit
Dewrarat and bad no further chimecal embols Jir seven years Ie enth
tbrre was_ame essdence of a mesentersc embelr m which left 0> noticeali
cquels He has 1aken Bicumarel contmuously § 1 over &2 %2 vear

Case f2—~4 53 vear old woman was first seen after having had tw
mholism  lone cerekral) 1n the previons twe years After 37 menths
Dicumarod therapy apother cerebral embols m occursed

1t s debatabie whetber the even patients ehgible for mutral «al
pla tv would have fared better had operation been perfstmed ear
but an relro pert 3t seems that they would hare Although progres 3
& 2blity was mot preent a1 §ir ¢ develaped later an three patier
1Cates o-10¢ One of these patient e ¢Case T} amother has und
gore succes ful vabvoplasty {Ca e 91 and the third 13 now aver 60 &
veftses 10 con id ¢ an operation (Cace 101 While no i arficant d
ability has otcurred 1m 2% 1 and 1. after years of Dicumarol theray
i cour e has required viadance bas heen evpen ive for the g
test and ba Yeen overca t by the con tant po bilites of patholo
treding and af further embobiam |

Tt Cmdition of the patient 1n cace 11 at age §6 v amazmg e

0 progres we dy pres s able to walk without dufficulty and bas

ympt ms of }eginning cardiac faslure I
tng Bfe po bl centamn pahients witl
0 ewmbolt m ocours Frmbolism has gren

t 15 Iobly mdicatwe of
h theumatic heart ds ease
rTed once each in rocec 17 .
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said she was able to run up tarrs without shortness of breath In \larch
1950 she developed pamn in the leg wlich was diagno ed as an artenal
embolus She was hospitalized for two weeks In April of 1920 <he had
lower abdominal pain anorexiz and vomuiting which were iterpreted 2
me entenic artersal embohsm Followmg this ep: ode she still suffered no
lumtation of phy rcal actvaty In August 1951 following pan m the lelt
upper quadrant a palpable spleen was noted Dicumarol was then guen
and the treatment mamntained for 29 months with no recurrence of emboli m
A dosage of 375 mg of D 1 daiy d the hromb
actrvty between 15 and 35 per cent In the last «ix months of 1923 «ign
of mcreasing di abihty appeared She noticed shortness of breath and easy
fatigability which had not been present prior to then

Exammnation of the heart had always indicated predornating mutral
stenosts A low pitched drastohe murmur was heard at the apex with o
evidence of mutral regurgitation The roentgenogram of her che t revealed
a moderate accentuation of vascular markings suggestive of mintmal pas ne
congestion The cardiac stlhouette showed a rather marked prommence of
the pulmonary conus area The right anterior oblique view showed moderate
promunence m the area of the left auricle The finding therefore were
those of apparently pure mtral teno<is with evidence of left auncular
enlargement left auricular farlure and symptoms of undue dyspnea 2n
easy fatigability She apparently was a sati factory candidate for mitral salie
plasty Dicumarol was discontinued for tno weeks before operation She
was operated upon on January 14 193 by Dr John C Jones

Operatire Note  The pulmonary artery was large and ten e The aunicular
appendage was small and contracted It contained both friable and black
clot n addition to organmed carred old clot and the opemng mto the
auncle was extremely small The body of the auricle was large and ne
clot was felt theren The antenior valie leafler was caleified with a plaque
of calcium about 13 nch thick The opening in the mutral valve steelf was
less than 1 em 1n diameter There was no regurgitation either hefore or
after finger fracture The remaiming opening at the end of the operation
was between 33 inch and 1 inch long

Since the operation the patient has had no cvidence of further
embolism and has been changed from a functional clsstfication i
into cla s 1T The aurcular fibrillation was reverted by quinidine but
the dose required for matntenance was mfea ible and aurscular fibnila
tion was accepted as an establi hed rhy thin

Another cacc worth reporting 15 that of a woman whe had 1 mmor
cerebral emboli m at the age of 56

Case 10—The patient was gnen continuous Dicumarol therapy for s1c
months but peretstent headaches devcloped apparcntly an exacerbation

came tendency that had appeared earher i her Iife Since the

of a2 m
& 1scontinuance of Dicumarol this drug was

headaches did not recur after d
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at
auncufar fibriflation survive 1o normal expectancy with only munims:
dusabilaty #f the thyomboembohe wechawem does nat oecur

ARTERIOSCLEROTIC HEART DISEASE

1t would be unw ¢ to exclude the future po «wbilty of operane
Temoral of neetotic wmyocardual ateas preds posng 1o thrombo 14 The
exer von of sertncular sneury ms 1n «tlected caces already has been
achieved H The mdications for such procedures and the neces.ary pes
fections of techntc mu  be relegated to the future Increa ing expenience
w the use of antthrombehc drugs w arterioclerotic heart dy rase
Yowerer 18 1eadily oy valhnng opmen Tegarding wpdications {or their
use

Wherea the use of Dicumarol m rheumatic heatt dicease seems ju b
fied only 1o prevent the recutrence of embolt m after 1t has already
been recogmized 1t 15 indicated 1 arteriosclerotic heart di ea ¢ as soon
as tho ¢ condihions ovcur which most often gve mise to a primary
thrombus The danger of thrombo 15 1n theumatic heart dicease cannot
be mmlarly kmited to & hort period 10 artenio elerotic heart du eace

' 15 grealest mmmeduately following myorardial mfarction and 1 any
penod of congestive heart {fmlure

Effect of Dicumarel on Formahon of Yentricular Mural Theamby

In eseral necropsy sere  the effect of Dicumarol on formation of

veatricular mural thrombs has been compared with findings 1n untreaterd
patients These tudies reflect the results obtamed 1n practice and reseal
awide vanety f conflicting conelysions
Far ¢ thatthe ygmbeant eflert of Drcumarod 15 oppe g the mobil
zation rather than the formation of thrombs Burchell *® quoting results
he obtained with MeQuay and Edwards (unpublished data) found as
many mural thromb following m,ccacdwd wfarction 1n paients wha
had been treated with Dicumarof 22 m the e who had not but of the
16 tyeated patients with mural thromhr none had gro s sy temye emboly
at necrapsy At the <ame chnie 10 3a per cent of 83 uritreated ca es of
acute myoeardal wfarction wath left sided mural thrombs evidence of
syatemi arterial otely won wes found L necTopsy 114
mt\c::;:lﬂl:l;nl‘lh:bri:r;g mi?r:r |:\ ;‘;‘h‘b‘(‘;nb clot formation  the reduc
Gdiogn 34 o per cent Howell and Ryser 119 contracted the
3 patients dying of myocearlal mfarchon and recening
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12 and mn addition these patients face the ineuitable con equences
of congestrve heart failure at which time the opportumty for ucce sful
operation wiil have passed

It would appear then that mitral valvoplasty cannot be ruled out of
consideration merely because of the added nisk 1mposed by old age
or because the absence of progreswive disability makes the operation
less urgent These 14 cases lustrate the mndnrduahization necessary
m deternuning proper treatment A tentative program ba ed on the
avalable evidence 1s as follows Patients with rheumatie heart di ease
and auncular fibrillation are regarded as the most hikely (four to one}
to have systemic arterta] embolism When angiocardiographic techmc
for visuahzation of thromb 1s improved these patients will be the ones
to be coneidered for study by that method

The recogmtion of systemic arterial embolism 1s considered fo de
mand that immediate Dicumarol prophylaus agamst recurrence (unless
contraindicated) be continued untl the most suitable future treatment
can be <elected Mitral valvoplasty 15 preferred to lifelong antithrombotic
drug therapy, and progessive disability 1s not considered an tndis
pensable criterion Embolism alone 1s an adequate reason for operation
Tor the patient ehigible for valvoplasty, drug therapy not only 1s onerous
and expensne but merely postponcs the ime when operation will be
necessary When that titme comes the patient s age will have mereased
the risk of operatton perhaps so far as to make 1t unjustifiable The
danger of death or disability from subsequent embolism must be meas
ured aganst the danger of operative death or of disability from an
embolus during operation The mortality from eventual recurrent
embolism can be estimated at 45 per cent whereas the mortahity at
operation 1s now about five per cent Ellis®® has shown that the n k
of an embolus during operation on a pahent with previous embolism
Group III 1s only five per cent but in Croup IV 20 per cent This 1s
an added reason for early operation However if operation 1s contrt
indicated drug therapy should be continued for hfe provided the
necessary conditions can be reasonably aseured If fibrllation 15 pre ent
an attempt should be made to change the rhythm to normal and man
tain 1. Only when circumstances forbid erther operation or continuous
drug therapy should expectant treatment be resorted to

If systermic artertal embolism has not occurred 1n rheumatic mitral
stenosts 1t 15 Justifiable to await the progression of diability before
recommending operation Many patients with cardiac enlargement and
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thrombi 1n 6% per cent of 133 patients without anticoagulant treatment
who survived more than three days and in 76 per cent of 23 patients
who were gnen anticoagulant dra, more thap threc davs after the
an et Among 51 patients to whom anticoagulants were gnen prior to
the third day howerer only 15 per cent had mural thrombhi—a g
wificant reduction—empha 1zing the nred to begm Dicumarol prophy 1w
within three 8ays of 1he onset of myecasdial infarction

It 1s apparent that in myorardsal mfarction Dicumirol as gnen
caneally gresents the formation of ventncular thrombi o only 50
per cent of patirnt at best Exther the u ual prothrominn reduction 1e
not uffcient to prevent formation of thrombs i half of the patients
or an adequate level 1s ot contmuon Yy mamntaned McQuay Burchell
and Edwards ! ¥ beheved they had maintained the accepted  effective
prothrombn reduction m ali but 10 per cent of their patwent and
Howell and Ry er ™ reported mural thrombs in four of 15 pinents
whose prothrombia actnity had been mamtamed between 20 and
30 per cent

Althou,h none of these e~ eparsied the goed n 'k from bad
u 'k caces there can be hittle doubt that the probability of 1eft ventne
ular thrombosis 13 much greater in potients with large tran waral
wfarets and congestn e faslure

In a se< ing the value of Dicumarol however it 3 neces ary ta con
wder not merely its hfesaving value or 1ts ihibition of muta) throm
brse but ol 2 s total antithrombotic effect and 1 addition ather
po shly valuable properties not selated to prothrembin reduction

Prophylachic Use of Dicumarel in Acute Myocardial lnfarction

The efficacy of Dicumarel in seducing mortality and thromboembo
bim in properly elected ca ¢s of acute myacardial wfarction 1 e
erally accepted At the International Conference on Thrombo 1s and
Fmiohm at Basel in 1951 the opin on was unammon that antica

agulant drugs hould be guen 10 every patient with acute myocardial
farction unle s there were contraindicanion

T s 15 oppoed howerer by Rus ok et al M 18 who would
limat Dheumarol prophylass to about 30 per cent of all cases by exelud
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Dicumarol with tho e 1n 98 untreated patients The frequency of mural
thrombi n tho ¢ recering prophylachic treatment was 30 per cent m
the untreated 51 per cent These nwthors considered the control of
thrombosts, as determmed by prothrombin actmaty to be good m
15 patients fair ;n 9 and poor m 10 Surpr wgly there wa hule
difference between the e treated groups (good, fur and poor) in the
actual werdence of mural tirombr but the difference betw cen the treated
and the untreated according to chi square andlys was <tati neally «ig
nificant In another certes of 121 paticnts dying of acute coronary
artersal occlusion without antithrombotrc drug treatment Kicsane, Fadler
and Conn '» found mural thrombt i 48 per cent wlile ameng 191
recenving antithrombotic drugs they found mural thrombi i only 26
per cent Although the e authors did not corrclate the mncidence of
mural thrombi with the degree of reduction of prothrombin actny
they luded that the d was ficantly reduced by the
drug In a smular study Wright Marple and Beck ¢ found mural
thrombr 1n 63 per cent of 18 untreated patients but i only 32 per cent
of 41 who hnd recerved Dicumarol Among 75 untreated patients
Glueck, Ryder and Was erman * found 41 per cent with mural thrombi
as agamst 23 per cent of 56 adequately treated patients { adequate
range was 30 per cent or less)

Third that i fatal myocardial infarchon the drug does not cau ¢ a <1g
mificant reduction 1 the incidence of ventricular cavitary thrombi or
of peripheral farction (presumptine evidence of emholic occlusioni
Gilchri t and Tulloch *8 found that of 139 untreated patente 56 (10
per cent) who died later than 24 hours after the attack of myocardnl
infarction had ventricular mural thromh Of 80 treated patients dymg
mare than 24 hours after the attack 29 (33 per cent) had ventricular
mural thrombs The meidence of peripheral infarction mn the untreated
patients was 21 per cent and among the treated was 15 per cent The e
figurcs 1n regard both to thrombo 1s and to peripheral infirction were
considered suggestine but not statr tically igmficant The ¢ author
did find however a  pronounced and lighly significant reduction m
the meidence of pulmonary nfarctson in the treated but fatal case  —
34 per cent (3) 1 88 treated ca es and 17 per cent (27) 160 con

trol autop tes
Fourth that the drug daes not cause 1 1 nificant reduction of ventric

ular mural thrombs unless gven withuin three days after the chimeal on «t
of myocardial farction Lec and O Neal 19 demon tratcd ntura)
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wil fail to bring out that bigh ineidence of thromboembol m which
can be detected by actne search according to prevsou Iy defined critena

In another controlled tudy Furman et al®t found no *lgmﬁl‘:\:\\
difference exther 1n mortality or thromboembolt m  berween 50
Dicumarol treated and 76 untreated good rick patents Button 4 how
ever did find uch a difference n 156 good 1k patients recenog
Dicumarot of whom 2 per cent dicd and 6 per cent had thromboembo
Lim 1 contrast to S per cent mortality and 115 per cent meidence of
thromboembalt m among 58 control patients As Gilchinst and Tulloch **
observe  If 1t can be venified that 3 1n 100 good 11k patients can n
fact be <aved who would otherwise e expected to die and the merdence
of thrombotic complications halved thanks to the use of these drugs
then anticoagulants would appear ju Ufied <o far a< the Samily amt
the individual wage earner are concerned

The late result of contintious Dicumarol prophylaxss for muld cases
hate not been well established Suzman Ru kin and Goldberg * found
o reduction 1 fate mortahty ameng 15 sunning good 11 k patients
tecewwmg Dicumarol up to 76 months after the onset of acute mvo
cardial infavction  but Reyes Drake ard Janney Smnth 33 though they
did not <eparate their good 11 k patients did note a profound reduction
m mortality four vears after the altack 1 71 patients wnk & «ingle
wferct who secetsed Dicumarol, with a mortality 1ate of & per cont

agamst 2 rate of 41 per cemt w 186 comparable untreated controt
patients

Danger of Dicumorel Therapy in Myocardial Intarchion

Rusek 1 bases lus contention that the drug 15 more dangerous than
the & eave upon Wnght s ¢ timate that Dicomarol therapy coutnibutes
to the death of 17 per cent of patients o treated But whil Ru <ol
mamntains (1n the face of considershle di agreement} that 1t 1s posuble
to distingu b reliably between good 11 k and bad 11 k cawes aon after

anset. he apphes this esumated death rate to the
ood 11 K ca
theugh 3t was derived from a : P

e o tudy of myocardhal nfarction wn all
ol <everty 1t cannot yea onably be expected 1
cattons due to Dicwmarol wonld o el comph

be as frequent m mdd
or gooy
AP 25 i severe cases withahaghn k gond ik

‘:‘nght Marple and Beck ™ made a controlled tudy of uch good
nk cawes (adhering to Ru seks ermteria) 1 which they found 34
mstances of Weeding m 114 Dicumarol treated Patents and vane m
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soon after onset Ruscek " concludes that the u<e of the drug 1n “good
r1k cases 1s costly, burden ome, and unnece sary Schnur 10 too
objects to the expense incomemence, and danger of Dicumarol pro-
phylaxis as well as a unnversal difficulty m mamtaming constantly
effectne concentration i the blood In muld cases he contend only
one death m one hundred 1s theorctically preventable by Dicumarol
prophylaxis One life mn one hundred of course, 15 well worth <aving
and the effort <hould be made unle < 1t cn be demonstrated that the
drug s more dangerous than the dicea ¢

Value of Dicumarol in Good Risk Cases

Since the value of Dicumarol 1n more <evere ca es of myocardial
farction 1s generally admutted attentton can be turned on the contro
versial good nsk case Russek considers good rish patients as tho e
without (1) a history of previous myocardial infarction  (2) intractable
pam, (3) extreme degree or persi tence of <hoch (%) sigmficant
enlargement of the heirt (5) gallop rhythm (6) congestive heart
fatlare (7} auricular fibrilation or flutter sentricular tachycardr
or mtraventneular bloch and (8) diabetic acidosis or other states pre
disposing to thrombo 1s

The immediate mortality rate in untreated mild c¢1 es 1s <o low that
nether beneficial nor detrimental effcets of Dicumarol can be demon
strated without a careful studs of a large series Swnce a double bhind
test 1s not feastble,?* the best available method 1s to treat alternate good
risk patients and compare the mortality rate and the thromboembolic
complications with those for the untrcated good i k patients This
bas been done by the American Heart A< ocrations Committee on
Anticoagulants Wright Marple and Beck ¢ reporting for this com
mittee found no sigmficant difference between the immediate mortahits
rates for 114 Dicumerol treated patients (18 per cent) and for 65
control patients (15 per cent) On the other hand they found thrombo
embolic complicahions m more than 20 per cent of untreated patients
agamnst mne per cent 1n tho ¢ treated They emphasize that prevention
of death 15 not the only objectrve of treatment and that a rea onable
i<k may be taken to prevent such nonfatal compheations as cerebral
and penpheral arterial embolism pulmonary emboli m and recurrent
infarction They note, too that Russek found thromboembohe complt
cations m only three per cent of untreated good nisk cases hut they feel
that a retrospective study like lus limuted to reviewing ho pital record
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com be mamtamned <alely w patients having mitd attacks 3t s lughly
& wable The number of patients having mild attiche {without treat
ment) who develop <erions thromboembolic episodes 15 a convincing
bit of evidence favonng treatment The dangers of HMeedmy are orver
empha ued Bleeding corpheations which occurred - suppo «dly
Lulled hands over fise years ago when physicrans had fess expenience
would not aceur today

“ w the use of D 1 are li fed the em
phasis 18 u ually placed on the presence of tecons that might predi po ¢
to Pleeding but thio 1 not the mo t important contrandscation Frob
atly mote wpottant 1s the inexperience of the phy 1cian and next the
Tack of reliable laboratory control

Ru ek s st tence that consaderation should be ginen 10 the probatle
tesults of therapy admi tered 1 maller ho pitals ov 1n the patients
fomes under the gmdance of Je s shilled hands 15 well taken The
proper admunt tration of Dicumarol with afety requires a fughly Willed
teehnie 1t 15 not to be undertaken by an un hlled phy wcsan 1 crther
a «mall or large ho pital with questionable laboratory fachbes nor
usually 10 bie tarted 1n the home The admutted madvy alubly o] uwang
the drug under uch unde rable circum tances howeser can wn no way
negate the ads1 abality of the use of the drug under proper condition
The ust of am procedure requinng pecial equipment 1= dseated only
uader untable cond; The 1 d: of the C on
Anheoaplant. of the American Heart A< sciation n 1ts 1mtial Teport
m %% Uil cems ju bhed  Anticoagulant therapy hald be u ed

i alf case of coronary throwmbosis with myneardial mfarction snte
a definute contraindicabicn e 10

CONGESTIVE HEART FAILURE

1 Dicumarol can be gien afely a the evidence uZoests b hould
te admimstered for congestive heart faure Sigmbicant reduchion
Saombosmbsh m ba been tecorded 1 treated patients and contry ted
to untrealed controf paticnts by a numbes of e ligators® % 210
Grlith et 1 found woprovement 1n all 1ypes of heart & ease gare
© ¢ pulmc nate and luetie heant disea &
oes
“zu“:g.L\m '\\Lal\at‘zd\lurc c‘(“n\n):u(e‘s l‘o the formation of peripheral

1
P 1 rh heart &

ease
and to the {ormation of left vemtiesbar thrombys 1 arteria clerotic heart
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the 65 untreated control pattent  Of the 14 in tances of bleeding hon
ever, only one was severe and was due they believed, to ‘obyous care
le s management ™ The patient s prothrombin tune had been 56 sevond
or longer for a weeh, and over GO <econds for three days, he was then
gnen another 110 mg of Dicumarol There was no contraindication to
the use of the drug except the most 1my ortant contramdication of 4ll—
the ncompetence of the attending phystcian Neverthelees the patient
recovered from the hemorrhage

The pres ulin, prcture of Dicumarol therapy for acute myocardial
infarction 1s far removed from such mishap With merea ing evpen
ence the mncidence of death from hemorrhage 1s <teadily decrea ng
espectally m good n K ca es m competent hands

Regarding acute myocardial miarction specifically + compilation of
15 seniew, covering 1572 treated ca es, indicates sesere blecding m 07
per cent (11 paticnts) wath humorrhage contributing to death m 03
per cent ¢ Burchell ® points out that 1 low nisk case the dangers of
anticoagulant therapy are mummal control 1> most readtly achived
and the possibahity of <aliage 1 greatest  We are wilhng to gne antt
eoagulant therp) 1o one hundred or more patents with the hope of
preventng one death  he declares

It can be concluded then that just as the greater nsk of hemorrhigie
death 1s worth taking 1 evere myocurdul nfarction o the <hghter
ik 1s quetified in muld good risk ca es In a good vk cvre af the
prognoss 15 esentually found to be correct the patient will have been
protected both aginst f2tal acerdent  and al o agamnst erious {though
nonfatal) thrombocmbolism De Franctsco and Wright  hase reported
1% mstances of etther scrious or fatal thromboembolism 1 11 1mtally
mild ca es If on the other hand the mfarction 1 more escre than
fir t beltesed (Halpern Lemberg Belle and Eichert *°7 found it neces
cary to revise their evalution in one third of 107 cases) the paltent
will have had the benefit of Dicumarol therapy during the erucial fira
three days when 1t 1s most effective 1f Dicumarol therapy 15 demed m
supposedly good rik caes it w I be dented alvo 1 tho ¢ cases where
the di casc orpmally scems to he le exere than t really s

Program of Treatment for Good Risk Pahients

I the ab ence of conclustve evidence (which camot well be forth
<nce double blind tests re mfea ible) the wie physacimn

connag
pgeneral prmeiples 1f reduced corgulahiny of the blood

must depend on



0 Continuous Antithrombotic Drug
Therapy wn Heart Disease

ARTERIAL FWEOLIZATION 1 patients with Theumatic heart dien e and

recurrent myocardial mfarcuion both are becoming secepted by many
e a5 vl QA k

ot \ drug
treatment. Further expenence upge ¥ that patents with <everc firt
attachs of Tyocardial infatchion can be beoefited by long term treat
ment 12 Chrome conge b heart fature 18 another probable andication
although Friedbery # admts that the difficalty of coms incing many phy

vans of their {anticoagulant ] value in myocardial nfarction de pite
imptessie tat hical evidence 1 their fayor suggests that st wall be even

more diffiuult to obtain convineing evidence of thewr benefit 1n heart
farlure

The abihtv of Dicumarol to reduce prothrombin activity and mhilut
murasascalar coagulability 1> undi puted In an era when so many
deaths are aused by clots forming m blood ve sels duting hfe the
avaslability of 5 drug which can dimini h ths tendency to thrombaas
1s a chmeal god end If <afc a d m labnl
would be desicable m every per on in whom the dangers of potential
thromba 1s ate continuously pre<ent

Frpensence cont to 4

that uch prolonged therapy 1f
properly controlled 1s as ale as hort term therapy 1t is leauble com

pauble with an actie hife and with travel and requires only reaconable
precavnon  This athinde marks a dynamnc turning point in the manage
ment of previan by & eouraging thromboembolse &2 #2 & or as Tun:ch
and Qright -1 tate a change from a tahe and resigned approach
wowhich patient and phy sean shke awaited with apprehension the
po siality «f 2 eries of serious of even fatal development  In n

other cardinascular dworder 15 Dicumarol o effective a3 3p the red .
tiom of recurrent embohiem in rheumatic mitral stenosms Although u;;

chief mode of action 15 not known—wuhether 1 Pevedta the formau,
propagation or mobihzation of deft auricnta o

r theombi-there sh
he litle doubt that the de 1red end recult fhe prevention of —
@ temie artenial emboh m 13 achseved o et

"y
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disease It mereases the incidence of thrombosts 1n diseased arteries m
both diceases Jordan, et al 3 demonstrated the mncreased incidence of
left ventricular thrombi 1n arteriosclerotic heart di ea e a <ociated with
congestive failure

Prophylactic Dicumarol treatment 1s indicated for congestne heart
falure resulting from degenerative heart disease from any cau e

SUMMARY

Three measures are avatlable to reduce the recurrence of left auncular
thrombosis 1n rheumatic heart disease drug (Dicumarol) therapy to
lower the coagulability of the blood as far as the danger of hemor
rhage will permit  combined mtral valsoplasty and left aunicular appen
dectomy to correct the mechanical cavse of stasis and to remote an
important potential site of thromb (aurrcular appendectomy 1s no
longer done as an 1solated procedure) and conver 1on of aurcular
fibnillation to normal rhythm to 1mprove cardiac output and diminich
wtasy

Upon recogmtion of systemic artertal embolism Dicumarol prophy
laxis should begin mmmediately unless positively contramdicated Pa
nients eligible for mitral valvopla ty may well submt to operation even
before progressive disability makes the operation more urgent and the
condition less favorable If operation 1s contramdicated or refu ed life
time antithrombotic drug therapy <hould be mamtamed if fea ible If
the auricle 1s fibrillating normal rhythm should be restored and mamn
tamed 1if possible

1t 1s generally accepted that the nisk of hemorrhage 1n <evere acute mjo
cardial infarction 15 well justified by the <alvage obtaned with prompt
and adequate Dicumarol prophylaxis directed toward preventing throm
bosis both m the left ventnicle and 1n peripheral vessels In mulder ca e<
however the less demonstrable benefit of Dictmarol <till justifies the
shghter risk and mnsures agamst the graver nsh in those cases (perhaps
as many as one third) where the disease unpredictabls becomes worse

Dicumarol 1s 1ndicated on the appearance of congestive failure either
in rheumatic heart disease 1n which this complication predommantly
1ncreases the tendency toward venous thrombo 1s or in arteriosclerotic
heart disease 1n which n addition it promotes left ventricular and

arterial thrombosis
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had died {136 210 In the mild cases the authors found no sigmficant
reduction to yu tify continuing therapy bey ond the acute pha ¢ .

Reyes Drake and Janney Snuth 39 gave Dicumarol continuos ¥y m,
one group of patients who bad «mgle wfarcts and conttauing nngm{:
ymplome and to another group with multipte mfaret  Comparng the
sealt 0 those growps with yesults in two wmlar groups who had
recened no Dicumarol during of after the attach they found that four
vears after the ingde wtarction 41 per cent of the unireated patients
were dead bus only @ pes cent of the Dicumarel treated had died
Among the e with recurrent nfarction 63 per cent of the untreated
died withm four years of the first attack compared to only 12 per cent
of the Dicumarol treated patients Theee findings suggest that eren
after an mybally 1A attack the patient wath tontinming anginsl symp
toras will henefit from long term therapy

FACTORS AFFECTING DICUMAROL THERARY

Succe fad

with D 1 hinges on the relia
bility of the patient the phy seyan and ihe laborators Phyaerane ex

tenenced with this drug leatn ‘o apply Incl emtemia m determming
the ehgibiity of all threc paruies hut many others without uch expen:
ence smptv fun the drug entirely because of an unwarranted fear of
induuing hemorrhage The danger of bleeding varies with the condstion
weated Pathlogic hemotrhage 18 le s frequent n rheumatic heart
drease than w ather thronshotie conditions— Gir t becau ¢ the vounger
patents u ually have fewer potential Mes of ertous bleeding and
wccond becau ¢ 1 15 nat neee sary i greatly reduce prothrombin
actnity n arder to control the throraboembolic tendency In addition
these ¢ the vea wrance \n every case of reduced provhrombn actn 1ty
that the vitamn K1 preparations ean rapdly restore norma) coagula
bibty  The e fartors ssure greater afety wnn ing Dicumaro) permut
s application 1o 2 larger number of patient  and Junfy 2 longer
snterval between laboratory te 16

Besond this aple outline there are snesstable complications which
unle s under 10¢d will cause the theragy to be condemned Many
phe wan are bl puzdded by the fact that within the ame supposedt:
protecine Tange of prathrombin actiaty thromboembohem may Om,y;
at one time aud hemortha e at snother

Howtver mwost vascular diseace present the ame didemma—ihe
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Selected patients who survive acute myocardial nfarction Ine longer
and have fewer recurrences with continuous Dicumarol therapy Three
causes of death await two thirds of the survivors of acute myocardul
nfarction, according to Achor et al ! These are conge tnve heart fa lure
recurrent myocardial infarction and sudden death  without conge tne
failure or acute infarction In 21 (8 per cent) of 250 patient ~ystemue

DURATION OF OBSERVATION
NoS OF AND MORTALITY

CASES LONG TERM SHORT TERM
20 82 CASES 88 GASES

L REATHS -
I 2348367 1 234567
YEARS YEARS
Frc 21 Mortality rate among patients with myocardial infarction given
Dicumarol only during acute attack and tho e given it contnuou ly (By
permi sion frem Suzman M M Ralin H D and Goldberg B \n
evaluation of the effect of continuous long term anticoagulant therapy on
the prognosis of myocardial mfarctron A report of 82 ca e Circulaton
12 338 1955)

artenial occluson (thrombotic or embolic) was a major cau e of death
Dicumarol could be expected to he beneficial i conge tine heart failure
and to reduce the meidence of recurrent mfarction and & temc artersal
occlusion The antithrombotic action plas the pre umed vasodilaters
effect could reduce the incidence of <udden death

Suzman et al>* have compared the mortahty rate m two groups of
patients curviving acute my ocardial infarction One group of 88 recerved
Dicumarol only during the acute pha e the other 82 recened 1t both
1 the acute phase and continuou ly thercafter (r1¢ 2I) Before the
end of the fourth year, 27 (33 per cent) of those on short term therapy
were dead but only «ix (7 per cent} of those on long term therapy
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a,amet thromboemboh m and Beeding Ether complication or both
of them together may occur m certam 1nitances

Tuloch and Wnght  © reported hromboemboliem occurring during
Dreumarol therapy 1 13 patients whose prothrombin ime mdicated a{
supposedly adequate range (20 10 40 cecond 20 and 10 per cent o
sormal) and even m three patents who ¢ prothrombin time was longer
than 40 econds (below 10 per cent) Tn all caces of Perdwg tudied by
Barker'® protrominn arinity was wn the o called therapeutic xange
(10 to 30 pee cent) Foley Wrght McDewitt and Symons T report
1 tances of bleeding 1n 85 patients receving long tenn antithrombotie
dru,, therapy for various conditions 1n which the prothrombin tine

was within therapeutic Tange 1n seven and further 1mestigauion m
these ca es revealed pathologic tond eg } howdy gyneeo
Inpieal dworder  and reval caleult I four milar ca es tudied by
Owren 1% the causes of bleeding were renal caleulus renal tuberculoars
branchieetasts and gastnc ulrer Un u pected catcinomas of the bowrl
a1 the uterus and ulcers of the bladder and the duodenum have heen
i cloced by bleeding octurnng 2t ordmanty dearable levels of pro
thromdua actaty " These findings tndwcate that the lesion and not
the prothrombin level d the onset of h hage The level
at which bleeding 15 induced 1n this lesion deternunes the  afe Jiel
Stuce 1t 13 impo sible to detect much less evaluate every potentially
hemarrhagic lesson 1 the body the 11k tannot be mea ured except
tats tically The supposed therapeutic range can ouly be a compromyse
law enough fo prevert clotting and high enough to prevent bleeding
tn most m tances If prothtombin achwity were further reduced throm
bous would be lews probable but the danger of bleeding would become

prohibutive 16 the teduction were lighter bleeduny would e Yees of o
danger but the rt k of thrambosts would be greater

Danger of Bleeding (Minotr und Major)

Minot bleedmg of a degree newher Satal nor drsabling frequentl
octurs with proth actvity n the th range At b
“ies asn eps laws gomng from the gums or areas of

PUtDUTa MW
can ordinarily be ignored (of blood dy crasias are excluded) }:mce it
d¢ mot reflect vhe pre ence of potential bleeding lesions elsewhere
not augur future cermus bleeding  Suckh Meedmg probably resylts

from a focalied capilary defect and any s k ateq 18 far e
t
. e teareies i {ar oulweighed

y or death from thromboembolse complicetions
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danger of thrombosis from damage to the mtima at onc <ite, and of
bleeding from 1 break through the adventiir at another Corre pond
ingly, there are not one but two ymportant levels of prothrombin reduc
tion the effectire lerel at which thromboembolism 1 prevented and
the safe level, below which serious bleeding may occur Neither of the ¢
levels 1s predictable an any one patient

The effective level varres wath the type and particular stage of vascular
damage In Bucrger's disease and  blue phlelatis’ (phlegmasia cerula
dolens), for example the risk of thrombosis 1s high “3 1n acute then
matic arteritis and aunculitis at 15 Tow, with normal eardiova cular
endothelium thrombosis ctunot occur

While prothrombin activity n Buerger « dicepse might have to be
reduced to 10 per cent of normal or lower to prevent thrombous n
rheumatic arteritis a moderate reduction to S0 per cent nught pos 1bly
be sufficient to prevent thrombosis In the acutely necrohc tage of
myocardial infarction, the tendency for cavitary thrombo 1 1 great
and a reduction below 20 per cent 1nitrally mught be necessary  however
as the endocardium heals, the thrombotic tendency Je ens until Wf
complete healing takes place and normal endothelium covers the arca
no thrombosis will occur at that wite even with normal prothrombin
actrvaty

The <afe level 1 indnidually determined but cannot be individunlly
predicted It depends on the nature and state of the vessel wall of the
whole vascular tree In the normal blood ses ¢l there 1+ no tendency
toward exther bleeding or thrombosis Quick ' aswures us that when
the vascular system 15 mtact there will be no hemorrhage cven when
the blood 1s incoagulable from any cause lack of thrombopla tinogen
(as 1n hemophiha) prothrombin deficiency heparimzation or total
abeence of fibrinogen ‘ Hemorrhage occurs  he states  only when an
additional factor 1s superimpo cd on the oniginal coagulatron defect
(Italics are mine ) Stnmlarly no bleeding occurs with the coagulation
defect produced i man by Dicumarol if the ve< el walls are wintact

Clinically  bleeding occurs because of the ¢ additional factor
Lestons such as a peptic ulcer or a cercbral aneurysm although not blecd
g with a normal prothrombum activity will begin at possibly an T0 per
cent or 50 per cent level or po stbhy only of the actiity 1> reduced
below 10 per cent To be safe prothrombin levels mu t stay above these
figures an |mpo=slb1|u) 1 all cases since these figures are unpredictable
Any arbitrary range of prothrombin salues cannot always protect
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cardial i Tud A InMle gulant protection 1
definitely better than note

Goffith et a1 found that among patients with congestune heart
fmlure who e prothrombmn activity was d below 60 per cent
only 18 per cent had thromboemboliem (all types) while among those
with b hter reduction the frequency was 13 per cent The e authors
suoge ted 4o pet cent of normal as the safe prophylactic matimum
Brambel Hunter and Pitzpattich @ alo helieve that between 43 and
50 per cent 15 a protectnve reduction Bort4 tated that her am was
to keep the prothrombun level between 30 and 60 per cent

With regard to chromic thenmatic heart di ea ¢ there 11 no controlled
tudy to how that the formation of left auricular thrombs 14 prevented
The only practical control i evaluation of this therapy s the patient <
previous hictory compared with s course following treatment (Ta8LF
21) The evidence o obtamed that Dicumarol does reduce the
maedence of emboli m by only a mod d of prothromb
activily 15 convineing Regulating therapy by the  prothrombin and
procomvertin te t Qwren ™ had only one recurrence m 13 patients
maintained for 29> patient months a1 10 10 30 per cent level Smnh and
Schelling  point out that the e apparently low levels actually corres
pord however to 39-44 per cent and »7~58 per cent in terms of the
Quick te L 1116 223 This andicates then the efficacy of only a mnderate
reduction of prothrombin actnity Cosgnff  mamtained 1 general
2 range between 15 and 30 per cent of normal prothrombin achisity

Waod end Conn ¢ mamtained prothrombin aetvsty 2t 20 10 33 per
cent of rormal

My experience and that of mv assoriates mn treating 364 provate pa
tents with chrome cardiosa cular dicease for penods tanging from
three months to mine years has led to the conclusion that 1 am!:bulnnq
patient a reduction 1n prothrombin actissty 10 50 per cent 15 <atisfactory

TREATMENT FOLLOWING ACUTE EMBOLIC OCCLUSION

The delatled treatment of acute embolic artersal ocelusion of the
exwremities 1 Yeyong the <cope of this monograph and 13 well disen (’d
m everal recent tevthooks Frequently not even the best treatment
can avert occa 1onal Yo s of hie and himb The contnbution of sur; .
1o relief of emboli m 15 limited to 1ndicatians of relatively infr o
accurrence For aoriie saddle eraboli m as ap example )su:gP:;u;::
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of the diseases for which Dicumarol 15 indicated The w1 e dictum of
Olwmn and Friedman 18! should always be considered m treatment
‘A little bleeding may be of light con equence, but a hitle clotting
may mean the difference between a hnving and a dead patent The
only rick that deserves detailed consideration 1< <erious bleeding

Bleeding 15 <erious only when 1t occurs at a site where immediate
sital or irreparable damage 15 done by a small hemorrhage (as 1 the
bram} or at an maccessible site where a massive lo s can cause death
before it can be halted by admmistration of vitamuin Rj, or replaced
by transfusion Fatal bleeding has nearly always been from a cerebral
artery during treatment for atherosclerosis not for rheumatic heart
di ease Among 1334 cases of cardiorascular dicease treated by Bean
mont and Tarrit 1 with esther Tromexan or pheny lindanedione fire
deaths occurred, all among atherosclerotic patients and all due to cere
bral hemorrhage Three of the patients were beng treated for cerebral
thrombosis and two for hypertensnve cardiovascular dicea ¢ Of the
srx patients with cerebral hemorrhage tone was not fatal) two had at
least 30 per cent of normal prothrombin activity and one had 10 per
cent In contrast to this incidence of <erious bleeding there were no
deaths among 450 patients treated by the same authors for vahular
heart disease

Luckey * 8 believes that nearly all cerchral hemorrhage re ulting from
treatment can be avoided if the drug 1> not gnen i two conditions
during the pre enee of a blood pressure abose 160,90 and during the
pre~ence of xanthochrenua or red cells 1n the <pinal flud He comment
ruefully howeser that a very small proportion of our patient with
cerebral vascular accidents have nerther hy pertension or xanthochromta

The comparative freedom from sertous bleeding among patients With
rheumatic heart dicease 1s borne out 1 other studies probably becau e
the danger of cercbral hemorrhage 1s le s serious at the carher age of
many patients with rheumatic heart di e1 e than at the older 2ge at
which atherosclerotic heart dicease develops

Protechive Level in Chrome Cardiovascular Disease

In chronic cardiovascular di ea e since any reduction of prothrombin
actrvity tends to inlubit thromhosis to  ome extent even a moderate
reduction gises adequate protechion to many person Woght Marple
and Bech ¢ haee tablished this principle n the treatment of myo



CONTINUOUS ANTITHROMEOTIC DRUG THERAPY 33

200 mg Another 200 mg 15 given the <econd day, and 100 mg d:nll)
\hereafter uni the prothrombin content has dropped to 30 pr rcr:;n
The dosage nee <ary to mamntam prothrombn actisity at 15 to d
per cent 15 then determined After four weehs the datly dose 1s reduced
by 125 mg (one half tablet) to permit an increase i prothrombun
actinity to 50 per cent U ually by the econd week the medvidual
reaction to the drug 1s known and prothrombin actwity need be
measured only every other day by the third weel twice weelly by
the fourth week weekly and thereafter at mcreasing intervals to a
manimum of one month The monthly intersal between tects 15 fea ible
of course because of the greater safety from bleeding 2 ured by mawm
tawng prothrombin at the relatnely afe level of 40 to 50 per cent

TESTS OF PROTHROMBIN ACTIVITY

The value of any test of prothrombin actnity 1s to reflect the relation
to Yhrombosis and hemorrhage In vhe opinion of the majonity of hema
tologs tsand e atthe 1 1C

at Ba el 1 1954
there 13 no test upenior to the one stage Quick test for this purpose

It now has the further advantage of widespread vse and a wide pread
correlation of 1t values with clmical reults Brambel and Wiee 34
obserie  Since this method measures changes in clotting rate as affected
by ronprothrombin entiies iactnators) and hence gne an over all
pieture of the cloting potentidhtes of blood t1s a u efu} and practical
tool for this pecsfic purpose The anticoagulant effect 15 a complex ane
which even today 15 not completely understood  There may be prac
tical advantages i certam mstance however i the method of
Owren®  which measures prothrontbin and procomertm and 1ts modi
fication by Ware and Stragnel) * The e methods gne accurate results
as late as four days aiter bland 15 drawn wheseas the Quick te t mu v
b done within a few hours Owrens uggested Tange of 10 to 30 per
cent corre ponds to 39 to 57 per cent m the Quick cale (Fic 22)

CHOICE OF ANTITHROMBOTIC DRUG

The choice of a prothrombopemc drug reminds one of a choice
amyng the digiabis ghyeosides which tikewace haye a qualitatnely sim,
lar action and of whick the mo ¢ efective the chimcian finds ari th :
with which he 15 most familiar Simslarly the cowrarm and phy %16
ndanedione defnatives are qualtatively alike 1 the effect 1;:“3“0
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an advantage over expectant treatment and 1s therefore the adiiah
procedure, but such embolism sn rheumatic heart diea e account f
only about five per cent of chmcal occlusion Emboli m to the 1liac
femoral arteries occurs mn about 13 per cent and for these «tes al
surgery usually 15 andicated Aganst these le er chances Jooms il
50 per cent dence of cercbral embol with the graver sequels
of death and disability, and with no hope a~ yet of effectne operatio
Whatever improtement may be promused by developments m curgic
technic, embolectomy will remamn essentially a palliatne rather th
preventne operation The tragedy hes in the probablits that ero
occlusion often could have been prevented if earlicr mmor embali

had becn recogmized and this applies with specral force to cerebr
embolism The important trestment mn an acute ept ode therefore

directed not at the fait accomph—the emboli m—but at prevents
further formation and mobihization of the causatie thromb

TREATMENT FOR SURVIVORS OF EMBOLISM

After recovery of the patient from embolism prothrombm acti
may be allowed to ncreace to between 40 and 50 per cent and aft
a pentod of stabilization prothrombin activity need not be determin
more often than once a month for most rheumatic patient~ For <or
patients even a longer period eventually 1s consrdered cafe a it )
other mvestigators Coogan Davis and Petersen *S find an mtersal
«tx weehs satisfactory with some stable patients and Burt <pea
of one to two months In patients with arteriosclerotic heart di er<e
whom the dangers of hemorrhaye are greater 1 pcnod tonger th:
three weehs 1< inadvicable

For four weeks following climcal emboli m the prothrombin Jev el
mamntamed at 15 to 30 per cent because of the higher thrombo!
tendency 1n the tcute condiion This 15 the period of greatest penl
recurrence In rheumatic heart disease and if adequate antithrombot
protection 38 withdrawn for even a day the chance of further emboll
1s ngh (FIG 5) If heparin 1s bemng adminitered durning the acu
<tage, Dicumarol can be added—anticipating st maximum effect
about 48 hours The darly prothrombin time <hould be determined
a blood sample obtamned ju t prior to the admmmetration of hepan
1f the prothrombin content 15 100 per cent of normal at the out ¢
300 mg of Dicumarol 1s given on the first day 1f Jess than 100 per cer
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pronty The entena for selechion of patents “”I;‘f ;“’e"’ (‘;‘\\::T;d‘
previow b (21 What 15 the indirdual danger of bleeding 5 o
of bleeding pre ent ot uspected”® Although mo t bleedmg n:i |:um;

therapy cortes from previon 1y fatent fecrons am wnered ed :mbelr1 ma)
Le su pected from the patients b tory 1f there ate @ ocrated hyper
tension and artenosclero 1 the 1 & of cerebral hemorthage u ually

dicatcs the use of D A hnown g tnal le wn

or previous bleeding may warn of ma e hemorrhage lone of the
mo t <erious but not fata) hemorrhages 1 my experience necurred m
a pavent with an old apparenth quiescent d Al In myo
cardial wnfarcuion according to Bay ¥ et al Dicumarol therapy s
perms 1ble 1f there has heen a ht toty of duodenal ufcer but no recent
etabh hed bleedin,, This policy partientatly applies anly to short term
therapy for prolongrd treatment a more careful evaluation 1 neces ary
Since hver du ease m steelf reduces prothrombin actiity 1t requires
perial caution 1n treatment but 1t 1s not an absolute contramdication
Renal smparment 15 undesirable and any renal lesion must ke epa
tately evaluated as a potential focus for bleeding but 3t hould a) o be
remembered that renal impairment may be due to repeated renal embolic
ufaretion Although imparrment of renal {unction may not be a con

wamdication for hortterm therapy 1t 1ncteases the 11\ 1 long trm
treatment

Fren though the patients physical condition will permit Dicumarol
therapy s per onahity or the circumstances of lus hie mav forbad
the undertabing of a lonig range program that demands his elose coop
eraton He mu t be carefully educated m his responsibihities and obsv:
ouly be wust be re pomswne to wnch education Only after evers) di
quirtng extly expenenres due 1o cur failure 1n this re pect did my

coliragues and 1 esolie o program which we con Wer «ale Probably
wfar ds turbing

exp tase d ged ather ph
further use of the drug

from
Tre give each patient printed as well as oral an fructions regardung
the carly manifestations of ahnormal bleeding but ome have not been
telligent enough to follow these in tructions For example one of our

carly patient  who e wtelligence was overe himated faled to observe
tarey feces cicurnng for several da

y  Anotlier patient moved gwas

failed to appear for te ts could not be located was kept supplied wnyh
Dicumarl by an unknown drugmst developed gross hematunia afte
six months and then came to the office The prothrombn activaty w a:



128 SYSTEMIC ARTERIAL EMBOLISM

prothrombin activity the chief difference hewng 1n <peed and duration
of action The phenylindanedione dernaties have the disadantage
however, of <ometimes causing agranulocylos1 urticania, and dermatin

Barker! reports after having used Tromexan, phenylindanedione and
cyclocumarol, we came back agun to Dicumarol ” Foley © suggests,

100%:
0%
0%
0%
sox OWREN ~ _WARE

auTHon
0% NicoL  BRAMBEL
AND

FORD HOSP
PROPHYLACTIC
[ ] =]
WRIGHT
o e

A% eruzeLws S0%-40% 373 vy S e 0N

QUICK SCALE

§

EXPRESSED IN TERMS OF
QuIck TEST
423 8%,

30% 10%  ig-i%

Fic 22 Comparicon of degrees of anticoagulation therapeutic range of
vartous authors (By permi sion from Smth F J and Scheling v The
chnical comparicon of laboratory methods used 1n controlling oral antt
coagulant therapy m Thrombosis and Embolism Iroc 1 International
Conference Basel Benno Schwabe & C> 1951)

as quite a series of Dicumarol (dicoumarin) dernatne are avalable

and all have been used <uccessfully the choice will be determned
pumanly by the price  In this al o the chowce resembles that of 2
digitalis preparation My associates and I have had sumilar expenience
1o Barker s—Tromexan and phenylindanedione hue been found pref
erable 1n a few mstances but after tryng these and other agent we
have reverted to Dicumarol using 1t in prolonged therapy for more
than 300 patients with thromboembolic conditions

SELECTION AND EDUCATION OF PATIENT

Before a patent can be considered ehigible for continuous treatment
several questions must be answered (1) Is the patient wath yutral
stenosis ehgible for vahoplasty? If so thi. treatment should have
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a tme to tell me } then explaned to fam whe T did not tell Tam
Whnle 1 am not entirely clear inmy memory 1 thwnk. he tated he would
have heutated to remove the tooth 1f he had Loown 1 was talung an
anticoagulant  Withsn half an hour after the extrachion { think all
blesding had stopped and a clot had formed Ten other panients have
had dental extractions while taking Dicumarol without difficulty from
bleedung ?

Anather patient ga hed s leg while fiching in Northern Califorma
and consulted 2 local doctor The leg was bleeding ol moderately
and vequired only a pres ure bandage When ashed later 1f he had
o4 the doctor he was taking Dheurarol he a1d  No 1 thought ot
maght foghten hum These naances although eloguent of the degree
to whi h fear of bleeding can be conguered emphasize on the other
hand another danger—that of ovetconfidence on the pan of the
patient, and a fallure on our part in proper education Another warning
to the patient, therefore must not be oserlooked Neser omit reporting
the use of Dicumarol to a physician or denhist and alnays consult the
personaf physictan In addition the po ubality of an accident wuh
loss of must be dered A phy
a card which says

patient carnes
1 am takmg Dicumarol as 3 medicine In ca e of

wnjury of even minox degree get medical attention Iamediately control
bleeding by firm pres ure at the sie of hleeding

We ate tiow guing
wulat card to out other patients

{Unu ual cream tances st himes may Yead to the u e of Ducumaral
when & trobg possibibily of severe Weeding may be preferable ta the
trong pos sbility of enous clotting Bay et a) 1T mentran a patient
who even preferred the 1 k of anather massive gastromtestinal hemor
hage from a peptic ulcer the had had three) o the 11 k of another
myocardial infarction (he had had two} and nsisted an hewng given
Dicumarol Mo t panents show httle concern ahout occassonal Bleeding
sueh as purpuric hlotches occanonal coting of the goms when l\‘:e
teeth are bru hed or e tavis =q long 2s they wnderstand 1t The con
cern of a phy wiay about wnpredictable bleeding which a inghtened
pabiest oy fannly may interprer as caused by faulty treatment may
fasgely be averted 4§ the posibity of bleeding 15 properly explaed

Sertous bleeding m a carefully <ol
y selected patient
fevel X pt st 50 per rent 11 rey b et W protirombin

gular rehable pro
are made 1s vare prothrombin determinations
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less than 10 per cent The bleeding stopped following the admmi tration
of vitamin Ry, and the prothrombin concentration quickly rose to
normal Since then no patent 15 accepted for contmuous treatment
without more critical evaluation

In addition to his intelligence and cooperation the patient mu t have
an understanding of the objectives of treatment mu t realize the neces
ity of continuous treatment, and must accept the calculated 1k of
bleeding If the physician has to bear the complete re ponaibility for
treatment this form of therapy 1s 1naduicable Both the benefits and
the dangers arc explamed frankly and the treatment can then be
restricted to those willing to undertake their <hare i a continuing
responsibility Patients are instructed and educated regarding their con
ditron much as a diabetic patient 1~ regarding drabete- The under tand
ing of objectine versus dangers by such carefully screened patents
1s often quite gratifying They become intere ted i their prothrombin
levels and Dicumarol do~age and accept minor bleeding, without alarm
The opposite danger to undue fear however occasionally arces the
danger of the patient s overconfidence One patient an attorney who
needed a dental extraction badly was loath to discontinue the Dicumaro!
because he had two mild cerebral thromboses when he stopped 1t prev)
ously His statement I would rather bleed than clot Doctor 1 1llu
tratne of lus degree of understanding s oral surgeon was al o ju !
fiably loath to extract the tooth unle s Dicumarol was discontinued
Because of previous experiences with dental extraction without A
culty, we convinced him it was <afe The attorney wrote um a Tetter
accepting the 1k The dental extrachon was accomplt hed without
abnormal bleeding The following year 1t was necessary to extract
another tooth I consented assuming the <ame oral surgeon would be
used He had retired however and the attorney now firmly convinced
that the fear of the physician often tran~cends that of the patient wrot¢
me ‘ when the time came to have my upper nght molar removed and
1 found that Dr had retired from practice 1 did not tell the
extractor for fear that I would have the <ame trouble with lim that 1
had had with Dr ~—— A few munutes after the extraction 1 aked
hum 1f he was going to pack 1t He said no that he did not beliese n
packmg a tooth <ochet—a natural clot was be t I then told him that
there mght be difficulty n a natural clot formation as 1 was then
taking Dicumarol and my prothrombin level was between 25 and 30
per cent 1 remember very di tinctly that he rephed This 1s 2 hell of




CONTINUOUS ANTITHROMEOTIC DRUG THERAPY m

DISCONTINUANCE OF DICUMAROL

The chief weakness in contnuous antithrombotie drug therapy has
heen the danger of interrupting 1t for any rea on including o‘\cral\nl\‘
Sych withdrawal of the drug not only re tores the onigmal 1 ol
embolt m  but—according to the experience of many phy lﬂfm"';‘
temporanily wncreases the 'k Of 17 pavents observed by Cosgnifl
embolsm recutred 1 12 after Dicumarol was withdrawnn exght of
the-e within a month Wnight ™ reported enous thromhoemboh m
1 10 of 12 patients with Theumatic heart & ease who were not con
tnuou ly treated and five of the e died after withdrawal of the drug
Discontinuance prior to both minor and major urgery has been con
sdered mandatory although i cettain wnstances seryous ermbol m has
occurred One patient reported by Wright ™ had two <y temic arterial
embolt when Dicumarol was discontinued hefore a dental extraction
Facquet He on and Ducrot™ reported a death from cercbral erbo
f1 m oerurnng when Dirumarol was dicontinued prior ta dental extrac
tion My own expertence with a number of patients undergoing dents}
extraction 1ndicates that 1t 15 unneces ary 1n most 1n tances to top the
drug ! Ofwin ™ cites an 1n tance of fatal cerebral emboh m ix days
following wihdrawal of Dicumarol 1n preparation for mnral vaho
platy

The danger of formation and evacuation of a fresh clot 13 admuttedly
greatest ot Ttra) vahoplasty where the ource of the emboh 15 the
very site of operation and where the operative procedure 1t elf may
difodge a clot A farge eries tudied in this connection s that of
Bl and Hotken®  The problem 13 usually presemted  they find

when a patient has already had one or more penpheral emboli 1
thewr fir 1 500 patients 79 had had embol and mo t of thesr ™D were
' gutienfar fibrilatan OF the e 17 (more than one out of five)
saffered operative embobism In the nest 300 paient. however although
th proportion of patients with previous emboh m was greater {there
were 601 onhy 1x of them (1 out of 10} had operative embol m

The r1 & was fat greatet m patients 1 Group 4 {20 per cent} than
w Group 3 0> per cent) Mot important sipre about hal{ of all

urgically wduced embol are fatal the possibility of embol:

atlea t three per cent 1o the danper of death at operatian
Po bty of operatwe emboli bha been
our expenience has increased

smadds
Thus the
igmificantly decreased a5
these authors comment  but # ull
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Laboratory Control

One other consideration may he deserihed with a brevity that perhaps
does less than justice to 1ts importance laboratory control and the
superyvision of the patient < regimen In ny practice, one eecretary heep
records on all patients recen ing Dicumarol superices appomtment for
regular laboratory tests, and telephones every patient who fal 1o
heep an appomtment If the patient seems unlikely to mamtam lus
cooperation the drug 15 gradually discontinued Laboratoery accuracy 15
guaranteed by the work of two rehable technicians who hne made the
te<ts for many year~

The printed 1nstructions given each patient may seem to be unduly
alarnung at first reading Properly explained they are not They merely
alert the patrent to comphcations

Printed Instruchions Given Dicumarol Patients

Because of heart dicease or chronic thrombophleli  you
are recenng a drug which normally tends to prevent clot forma
tion (Dicumarol or Tromexan) While the e drugs should be
helpful in the treatment of your di ease there 1s a po sibility
that they may cau e hemorrhage which can be very enous if
not cheched Hemorrhage ordinanly can be checked and con
trolled if 1t 1s promptly reported to your doctor Symptoms to
be reported are

Bleeding from any area

Nosebleed oozing gums or ruptured <hin ve el

Coughing of bleod

Vomiting of blood

Blood 1n the urine (red black or coflee colored urime)

Bloody black or tarry teol

While takmg the e drugs veu <hould not tahe alicylates
(aspinin - Alka Seltzer Emprin etc ) or hquid or medicmal
syron It 15 al o advisable while takmg these drug not to take
any patent or advertt ed medicine without consulting your
physician

We employ the e precautions about salicylates winle determming the
mamtenance dose of Dicumarel Wher this 15 ¢ tabl hed we ee no
reason to deprive a patient of 1 small dose of alicrlates a an ecca

sional analgesic The dose needed to 1nduce a sigmificant prothrombin

reduction 1s quite large (over <ix grams a day )
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cannch prevent all sessmculas clots 1n my ocardial infarchion 1t 1> wichful
thicking to acsume 1t can present all Teft auricular clots 1 rheumatic
heart diease Renen”® aye  We have n u picion that actne anti
coagalant therapy before perabion mahes the thrombus n the left
atngm ore friable Homn concurs2® We heatily agree with
Ren en that m gll probatility ant lants heep the throml
material 1n a more fnable gelatinous tate and increa e the danger of
embolus when urgical marpulation 1s to be undertaken

Janton? 3 yeport  Quite a few of our patients have heen on
Dicumarol over a period of one two or more Years In enery one
there was a clot and the center of the clot was <oft and of
currant jelly cons: tency Wright "3 however belieses the opposite
that mural thrombi 1 the hearts of patients tweated for ten dave or
more with anticoagutants tend to be more amoothly <ealed over with &

fibrin coating and to poscess fewer fniable and srregular fibnllating
tal

Sinee Dicumorol 33 usually diccontinued before operation s«
po ible that the gelatinous {nable clots described by Ren en Horn
and Janton were tho e that formed dunng the preoperative persod when
the drug was d1 continued As a 2 ult of these varying oprmaens how
ever the advisability of the preoperative use of Dicumaro} 1 not agreed
upon Ren en sa1s'*®  We uce no anficoagulants for a larger [uc)
penod preoperatinely  Horn ¥ 1ates Te do ot u e anticoagulants
either befote duting or after urgery and do not beheve they are
mdwated  Wnight 3 It appears logical to place patients on ant
toagutants for from ten to thirty days 1n preparation for a commis
surotomy despite the present lack of tati teal proof of us value

The final proof of the effectivene s and afely of Dicurmarol gren
throughout the entire preoperative period mu t come from the surgeons

RESULTS FROM DICUMAROL BEFORE AND
DURING OPERATION

An important experience wn this eld 1 that of Storm and Hansen
Wiath VMullertz 239 these mmestigaties mawtaned antwhrombotic proph:

laxi through 54 thoracatomes fos lung cencer ang other dy c’z‘«:r ,
patert for whom the nisk of mterrupting prophylaxis seemed 1"‘
great  The lows of blood duting operation was determimned m"“
report  and found to be normal as compared with a group of umnalZl
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remams a httle higher 1n patients who have had previous emboh than
1 the series as a whole ” Belcher and Somerville © report a comparable
experience I'wve of their 54 patients with preoperative embolt (9 per
cent) had further embolism during valvoplasty or shorily afterward

A typical case 1n my expersence was Case 9 1n CHAPTER 8 Dicumarol
was discontinued two weeks before operation The pathologist reported
that “the mner surface of the appendage 1s almost completely vovered
by white, organized thrombus while the small lumen remamng con
tawns fresh purple thrombus ” Four days after the operation cerebral
embolism occurred

The approximate nish of embolin at operation m patient with
previous embolism, therefore 1s about 10 per cent (5 per cent n
Group 3 20 per cent m Group 4), and death results in probably half
of <uch accrdents If this hurdle of operation 1s surmounted ” Ellts
and Harken © conclude the Likehihood of late embolization 1s not
great * By the very operation—the mutral valve opened the auricular
appendage removed—the thrombotic milieu 1 destroyed, through elim:
nation of stast Anjy subsequent embolism therefore 1s unhkely except
from clots already pre ent at operation Inasmuch as operative embolt
are mvanably red and recently formed 1t 1s probable the clots have
formed in the short preoperative pertod during which coagulability
has been allowed to return to normal The old organized fibrous clots
are not u ually dislodged Most recently formed clot f undisturbed
presumably have a 50 per cent chance of becoming attached and not
ejected (TABLE 5) but the clots formed just prror to operation may not
have even this chance Within a few days an exploring finger de pite
all precautions may be the factor that precipitates embolism If the
patient should be protected against the formation of fresh preoperatne
thromb1 this requires the use of Dicumarol started at an adequate time
before and continued throughout operation

To justify such treatment the drug must be shown to be effectne
and the danger of hemorrhage less than the danger of operative embo
hem First it must be established that the use of Dicumarol can effec
tively reduce the ncidence of left auricular thrombi and can also
affect the clots already present beneficially and not harmfully There 15
no apparent disagreement regarding the effect of Dicumarol in oppo~
mation of clots but there 15 2 sharp division of optmion
e effect on the character of a clot which may form desprte
¢ of an old clot which alrcady has formed Since Dicumarol

mg the for
regarding th
Dicumarol o
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cannat present all ventpcular elots in my ocardial infarction 1t 18 wi hful
thinking to as ume 3 can prevent sl left auticular clots m rheumalic
heart dresse Ren sen™® 3pc We hme a susperon that achise ant
coseulant therapy before vperation makes the thrambus in the left
goum more frable  Horn concurs™S Ve hearvly apee with
Ben en that m ol probabiny anticoagulants heep the thrombotie
atectal i a more Toable gelatinous «ate and ncrea e the danger of
embolus when urgical mantpulation 1» to be undertaken

Janton? report  Quite a few of our panents have bren on
Ducurnatol auer & period of one two o more year In every one
there was a clot and the center of the clot wa

oft and of
currant Jelly con 1 tency

Wrght ™ howerer beheves Yhe ¢ pposite
that twural throwdy 1 the hearts of patients treated for ten davs or
more with antirosgulants tend to be more smoothly sealed over with 2
fibrin coating and to possess fewer inable and arregular Hlrllating
fal

Sine ficumarol 15 usually diecontinued before operation 1t y+
po 1ble that the gelatimous {nable clots described by hen en ¥om
aod Jantor were the ¢ that {ormed during the preoperative penod 3 hen
the drug was & contibued As 8 result of these varying opimons how
#ver the aov1 ability of the preape rative use of Dicumarol 15 not agreed

upon Pen en <ays'®® We ue no anticoagulants for 3 darge | €}
peniod preoperatively  Hom1'® 1ates We do not u e anticongulants
etther before daring or after surgery and do not beheve they are
mduated  Waght ™% It appears logical to place patients on anty
coagalants for from ten to thirty days 10 preparation for o commus
saratomy de pate the pre ent lack of spati nical praof of ats value

Tr Fral proof of the efietnenc s and afety of Drcumarol gusen

theon_hout the entire preaperative period mu t come from the urgean
RESULTS FROM DICUMAROL BEFORE AND
DURING OPERATION

An important experience m thy field »
> that of Storm and w
Wik Mlleryz 3 these M

gator d antithron)

158 thraugh 54 thatrcatomes Sor Suog ¢an er 1nd other & ::5)'?
potient for whom the n k of nterrupting prophylavis seemed m:
zeat The loss of blood during operation was determined  thes
Teport  and found to be normal as compared with a group of unlrea!é()i
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patients” They later maintamed Dicumarol therapy through mitral
valvoplasty 1n 26 caces, finding hemorrhages no greater than m 26
control operations studied at the same hme, or sn 50 sumlar operation
performed i previous years Of the 26 pahients protected by Dicumarol
none had thromboembolic complications 1n the three or four weeks
following operation although seven had had thromboembol m How
ever a fresh auricular thrombus was found at operation 1n one patient
who had recen ed Dicumarol for only 1x days before operation Either
the clot had formed before the drug was started or Dicumarol was
meffectne In the 26 control patient four had operatne cerebra
embolism which was fatal in one case and caused residual paraly 1s
m another a fifth patient had a probable cerebral emboli m

Antithrombotic Preparation for Operation

Several preoperative procedures using antithrombotic drugs have beer
advocated 1n an attempt to prevent operatrie embohsm

1 Dicumarol may be adminiatered before valvopla ty to all patients
but discontinued before operation This 15 ba ed on the belef that
Dicumarol not only inhibits formation of new clots but al o render
previously formed clots le s friable and le s Iikely to be ejected T
15 inferred from the evidence of Burchell 38 that mural clots formed
durin, Dicumarol therapy 1n myocardial nfarction are le < readily
ejected from the work of H P Wright ™ © <howng that venous and
arternl clots in rabbits are more rapidly canahzed with Dicumarol
therapy than i its absence and from the obsersations of I Wright
As alrendy discussed others disagree that clots are rendered le < friable
This procedure may prevent the early formation of clots but does not
protect against them the la t few days before operation f the drug is
discontinued

2 Dicumarol may be withdrawn before operation 1 tho e who are
recening the drug for embolsm but the antithrombouc effect may be
mantamed up to the tume of operation by substituting heparn mtra
venou ly for Dicumarol This 15 the decontrol method adiocated by
Olwin 80Heparm and a coumann or phenylindanedione dervatne are
guven after operatton This controls a patient to the moment of opera
tion and respects the surgeon s fear of mncrea ed hemorrhage duning the
operation with a lowered prothrombin activity Likoff !  also beheves

1 continming Dicumarol until immediately before operation, perhaps
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11 bt up 1o the pont of oprratien the petients Blood coagulabibity can
e controlied with gnck acting drugs uch as hepann .

3 Pheomared may be gven Lo every patient as 8 preol“cm .
e and contipued hrough the operation and for several wee!

orated by Storm etal ¥

as‘l&f\‘um ae\c)ch\el) Dicumatol may be guen before during and a[ll‘:r
cardiotorny only to those patients 1n whom the n & of cpctnll\: ﬂ: o
Ym 1» con wered hgh—those patients who have had previou % e 2,“
nowed embohie epizodes—since <uppo edly they face a 11 Lola
per cent incidence of emboly m (if sn Group 4) and a 5 per cent mc\l
dence {sf n Group 3) Whether all patients who undetgo vahepla tv
hould recewe Dicumarcl as uggested by Storm et al mn t be deter
nined by Turther expertence In patients with previous embob m how
ever the Tagh weidence of operatne embokhem would stem to yustify
the continuance of the drug before dunng and for a host tume after
opera wn 1t antthrombotie drugs have been applied long enough
before operation few fre b and potentilly embolic clots hould he
present The final possibity that elots might deselop at the wtuge hine

after operation can be e} d by hromb

drug

therapy for & wek or two until this danger 15 pat Although the
prothrombin activity 15 often abruptly elevated by the use of blood
fran f2 30ny during operition the operation el removes the most
uriportant factor in thrombosis—stas

What af the converse danger—that hemorrhage might accur po t
operstively m a surprcal wound® In the expenience of Storm Mansen
and Mollertz 7 3% thus does mot peeut 3t maght be argued in facy,
that ant potentral we of hemarrhage would be readiby enident 2y opera
tion and could be reparred immediately

Bieeding into the pencardial cavity when the drug 1s firet tagted
followin operation has octnrred To bega Digumarol soon after
operation 1» probably not advi able since a surgreal metsion that might
not bleed at a 100 per cent level of prothrombin duning the operation
M i and of cour & did {in those m tances of 1 ostoperative bleeding)
when the prothromban acivity was dowered after operalion

SUMMARY
1 C h

drug (D Dt 15 mdy
ated for patents with mitsa) tenosis and #y temie attersal emboh m
who arc meligable for mtral vahoplasty and eligible fo the drug
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2 Contmuous treatment also 1s indicated (if factlitres are adequate)
for patients who survive a <evere or recurrent myocardial infarction
or even for those who develop the anginal syndrome not responding to
other treatment

3 Contmuous Dicumarol treatment 1= safe for the ambulatory patient
1f the phy<ician 1s competent, the patient carefully selected, and the
laboratory reliable

4 Maintenance of Dicumarol before and during mitral valsopla ty 1s
apparently justified for patients who have had a previous artenal
embolism
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